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ADVERTISEMENT FOR BIDS

The Chester Union Free School District will receive individual sealed proposals at the Business 
Office, 64 Hambletonion Avenue, Chester, NY 10918, for the project identified below. All 
proposals that have been received in accordance with the terms hereof will be opened and read 
aloud at the time and place of the Bid Opening. 

STEM LAB ALTERATIONS
CHESTER ACADEMY

Chester Union Free School District 
64 Hambiltonian Avenue

Chester, NY 10918

SED No. 44-02-01-02-0-009-006

Documents Available to Bidders: November 2, 2022, 2:00 PM
Pre-Bid Site Meeting: November 9, 2022, 4:00 PM
Bid Opening: November 30 2022, 4:00 PM

Contracts
1 - General Construction
2 - Mechanical Construction
3 - Electrical Construction

Bidders may obtain the Bid Documents from REV, 28 Church Street, Unit 7, Warwick, NY 
10990; 877-272-0216. Complete digital sets of Bidding Documents may be obtained online as a 
download at the following website: www.usinglesspaper.com under 'public projects.’ Complete 
hard copy sets of Bidding Documents, drawings, and specifications, may be obtained from REV 
upon depositing the sum of $50 for each combined set of documents. Checks or money orders 
shall be made payable to Chester Union Free School District. Plan deposit is refundable in 
accordance with the terms in the Instructions to Bidders to all submitting bids. Any bidder 
requiring documents to be shipped shall make arrangements with the printer and pay for all 
packaging and shipping costs. Please note Rev (www.usinglesspaper.com) is the designated 
location and means for distributing and obtaining all bid package information. All bidders are 
urged to register to ensure receipt of all necessary information, including bid addenda.

Each bid proposal must be accompanied by a certified check payable to Chester UFSD or by a 
Bid Bond for a sum equal to five percent (5%) of the bid, conditioned as set forth in the 
Instructions to Bidders.  All bid security, except those of the three low bidders for each prime 
contract will be returned within four days after proposals are submitted.  The bid security 
provided by the three low bidders for each prime contract will be returned after the execution of 
the Contract.

There will be a pre-bid site meeting on November 9, 2022, at 4:00 PM, commencing at the Main 
Entrance of the Chester Academy, 64 Hambletonion Avenue, Chester, NY 10918. Bidders are 
urged to attend the pre-bid site meeting. Knowledge of the field conditions is crucial to 
understanding the Work.

Attention is called to the Owner’s sales tax exemption, the requirements as to conditions of 
employment to be observed, and the minimum wage rates to be paid under the contract. In 

http://www.usinglesspaper.com/
http://www.usinglesspaper.com/
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addition, the Bidding Documents for this project contain detailed requirements for the 
qualification of Bidders. These include insurance requirements, financial statements, bank 
references, lists of lawsuits, arbitrations, or other proceedings in which the Bidder has been 
named as a party, and a description of other projects of similar size and scope completed by 
Bidder.

All Requests for Information must be sent in writing to the Architect via email 
(lirons@kgdarchitects.com) no later than 5 days prior to bid opening. 

The district may require the successful bidder to provide separate Performance and Labor & 
Materials Payment Bonds in the amount of the contract price and in the form specified in the Bid 
Documents. 

To the fullest extent allowed by law, the Owner reserves the right to reject bids that contain 
omissions, exceptions, or modifications, or in their sole discretion to waive such irregularities, or 
to reject any or all bids or to accept any bid which is in the best interest of the Owner.

Proposals shall be submitted in a sealed, opaque envelope distinctly marked on the 
outside as follows:

Chester Union Free School District 
STEM LAB ALTERATIONS 
November 30, 2022, 4:00 PM 
Contract Number & Construction Type
Name of Bidder
Marked "SEALED BID"

The Owner will not open or consider any proposal delivered after the bid opening date and time. 
Bidders are solely responsible for the arrival of each bid proposal at the place of bid opening by 
the appointed time, regardless of the means of delivery.

END OF ADVERTISEMENT

mailto:lirons@kgdarchitects.com
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INSTRUCTIONS TO BIDDERS 

To be considered, Bids must be made in accordance with these Instructions to Bidders.

1. PROJECT DESCRIPTION

The Project consists of performing STEM Lab Alterations at the Chester Academy for the
Chester Union Free School District as shown on the Contract Drawings and described in
the Specifications.

 
1. The scope of the Work of this project is selective removals in existing classrooms,

Library and ancillary rooms on the Second and Third Floors of the school and
creating the STEM Lab in that space, consisting of the Learning Commons on the
Second Floor and the Production Studio on the Third Floor.

2. The Work will be performed at the Chester Academy located at 64 Hambletonian 
Ave, Chester, NY 10918.

2. TYPE OF CONTRACT

The Work of this Project will be let in three (3) separate contracts divided according to the
work of the separate Prime Contractors for the following:

Contract No. 1 - General Construction Work 
Contract No. 2 - Mechanical Work
Contract No. 3 - Electrical Work 

Responsibilities assigned to each separate Prime Contractor and the scope of the Work
included in each contract is clearly identified in the Specifications.

3. TIME SCHEDULE

It is the intent of the Owner to award the Contracts for the Work on or about two (2) weeks
after receipt of bids. Immediately upon receipt of Notice of Award of Contract from Owner,
Contractors shall begin preparing required bonds, insurance certificates and other required
submittals.  Work may be performed at the site only upon receipt of written authorization
(Notice to Proceed) from Owner and after the approval of the required submissions. 

The anticipated Notice to Proceed/start of construction date is January 3, 2023.

The Work shall be Substantially Complete on or before the date(s) indicated in Section
011000 “Summary.” It is extremely important that the Owner assume its full use of the
buildings and sites on the completion date(s) specified. 

4. QUALIFICATIONS OF BIDDERS

The Owner may make such investigation as it deems necessary to determine the
responsibility of any bidder or to determine the ability of any bidder to perform the Work. 
The Owner reserves the right to disqualify any prospective bidder or to reject any bid.

002000 - 1 INSTRUCTIONS TO BIDDERS
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5. DOCUMENTS

Bidders may obtain the Bid Documents after 2:00 PM on November 2, 2022, from REV, 28
Church Street, Unit 7, Warwick, NY 10990; 877-272-0216. Complete digital sets of Bidding
Documents, drawings and specifications, may be obtained online as a download at the
following website: www.usinglesspaper.com  under 'public projects.' 

Complete hard copy sets of Bidding Documents, drawings and specifications, may be
obtained upon depositing the sum of $50.00 for each combined set of documents. Checks
or money orders shall be made payable to Chester Union Free School District. The deposit
of $50.00 per set for the first set is refundable as per NYS General Municipal Law Article
5A Section 102.  Deposit, for initial sets, will be refunded to all qualifed bidders returning
plans and specifications in good condition within 30 days following the award of the
Contract or rejection of that bidder's Bid.

Additional copies of the documents will be available from the designated printer and at the
non-refundable cost of reproduction.

Any bidder requiring documents to be shipped shall make arrangements with the printer
and pay for all packaging and shipping costs.

Please note REV (www.usinglesspaper.com) is the designated location and means for
distributing and obtaining all bid package information. All bidders are urged to register to
ensure receipt of all necessary information, including bid addenda.

6. EXAMINATION

Bidders shall carefully examine the Bid Documents and the existing site to obtain first-hand
knowledge of existing conditions and to verify conditions under which work will be
performed.  Failure to do so will not relieve a successful bidder of the obligation to furnish
all material and labor necessary to carry out the provisions of the Contract Documents and
to complete the contemplated work for the construction set forth in his bid.  Submission of
a Bid will be considered conclusive evidence that a bidder has visited the site and is
conversant with local facilities and difficulties, the requirements of the Contract Documents,
applicable laws and codes, the state of labor and material markets, and has made due
allowance in his bid for all contingencies that may arise, whether or not stated.

7. QUESTIONS

Should a bidder find discrepancies in, or omissions from the drawings or any Contract
Documents, or should he be in doubt, as to their meaning, or should he find provisions of
any law or applicable code conflicting with provisions of the Contract Documents, he shall
at once notify the Architect in writing, who will endeavor to issue the necessary clarifications
or revisions to prospective bidders by means of an Addendum.  Such Addendum, as part
of the Contract Documents, shall be binding on all bidders.  It shall be the duty of each
bidder to make certain that he has received or provided himself with copies of all Addenda. 
Bids will be conclusively presumed to be based upon all Addenda issued up to the time of

002000 - 2 INSTRUCTIONS TO BIDDERS
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the opening of Bids, regardless of whether or not a copy of each Addendum is actually in
the possession of the bidder

Prospective bidders may request clarifications of the Bid Documents from the Architect by
contacting Lauren Irons at Kaeyer, Garment + Davidson Architects, PC,  via e-mail to
lirons@kgdarchitects.com  All questions must be submitted in writing, no phone calls will
be accepted.  All correspondence must be addressed to subject line “STEM Lab Alterations
at Chester Academy".

Inquiries received over the phone will not be answered. All information will be relayed to
bidders by written addenda.  Neither the Owner nor the Architect will be responsible for any
oral instruction or clarification to any persons whatsoever.  Questions received less than
five (5) calendar days prior to the bid opening date cannot be answered.

If a bidder, prior to submitting a Bid, fails to give notification to the Architect of the existence
of any such discrepancies, omissions, ambiguities, errors, or conflicts, he shall comply with
the interpretations or directions given by the Architect in resolving same, without claiming
extra costs

8. INTERPRETATION OF BID DOCUMENTS

If, in the interpretation of Bid Documents, requirements within the Drawings and
Specifications conflict, or it appears that the Drawings and Specifications are not in
agreement, the Contractor shall base his bid on (1) the greater quantity, where there is a
discrepancy in quantity; and (2) the superior quality, where there is a discrepancy in quality. 

9. PRE-BID MEETING

A pre-bid meeting will be held on November 9, 2022 at 4:00 PM at the main entrance to the
Chester Academy located at 64 Hambletonian  Ave, Chester, NY 10918. Attendance at the
prebid meeting is not mandatory for submitting a bid but is strongly encouraged.

10. PREPARATION OF BIDS

Each Bid must be completed in duplicate on the applicable Bid Form(s) provided herein. 
All blank spaces must be filled in with ink in both words and figures.  Erasures or other
changes in a proposal must be explained or noted over the signature of the bidder.  The Bid
shall be signed by person or persons legally authorized to bind Bidder to Contract.

The following shall be considered part of the bid and are required to be submitted with each
Bid Form:
- Certificate of Compliance with the Iran Divestment Act
- Bid Security

  - Statement of Bidder’s Qualifications (AIA A305) including Exhibits A, B, C, D and
E

All blank spaces on all attachments to the Bid Form must be filled in with ink in both words
and figures.

002000 - 3 INSTRUCTIONS TO BIDDERS

mailto:bmangan@kgdarchitects.com


2 November 2022 Chester Union Free School District
Construction Documents STEM Lab Alterations
SED #44-02-01-02-0-009-006 Chester Academy

Any Bid submitted contrary to requirements above or specified, or containing omissions,
conditions, or irregularities of any kind may be rejected by the Owner.

11. CERTIFICATE OF COMPLIANCE WITH THE IRAN DIVESTMENT ACT

In accordance with the requirements of General Municipal Law §103-g, the bidder is
required to include with its bid either (1) the "Certification of Compliance with the Iran
Divestment Act" or, in the case where the bidder is unable to make such certification, (2)
the form titled "Declaration of Bidder's Inability to Provide Certification of Compliance with
the Iran Divestment Act". This form is included in the Bid Documents.

12. BID SECURITY

Each bid must be accompanied by a Bid Security made payable to Chester Union Free
School District in the amount of five percent (5%) of the Bid Sum (the sum of the Base Bid
plus all Add Alternates).  The Bid Security shall be either a certified bank check or a Bid
Bond issued by a surety company licensed to conduct business in the State of New York
on the form included herein (AIA Document A310).  The Bid Bond must be issued by a
surety which meets the requirements set forth in Article 17 of the Standard Abbreviated
Form of Agreement Between Owner and Contractor - AIA Document A104, 2017 Edition. 
The successful bidder’s security will be retained until he has signed the Agreement and
furnished required Performance and Payment Bonds.  The Owner reserves the right to
retain the security of the three lowest bidders for each contract until the successful bidder
enters into the contract, or until 45 days after the bid opening, whichever is longer.  All other
bid security will be returned within 4 days after the bid opening.  Attorneys-in-fact who sign
bid bonds or contract bonds must file with each bond a certified and effectively dated copy
of their power of attorney.

13. CONTRACTOR'S QUALIFICATION STATEMENT

Submit a properly executed Contractor's Qualification Statement on the form included
herein (AIA Document A305 with Exhibits A, B, C, D and E) with the Contractor’s bid. The
Contractor's Qualification Statement must be signed and notarized.  All items must be
answered and the data given must be clear and comprehensive.  Failure to answer these
questions in a complete and satisfactory manner may result in the rejection of the bid. 
Failure to submit a properly executed Contractor's Qualification Statement with the Bid may
result in the rejection of the bid. Additional information may be submitted by bidder, if
desired.

If, after evaluating the Contractor's Qualification Statement, the Owner has any doubt that
a Bidder has the proper qualifications, it may require from that Bidder within 3 working days
and prior to a Contract award, further written evidence of financial data, previous
experience, personnel resumes, or other information.  If after evaluating supplied data and
investigating the evidence, the Owner has any reasonable doubt that a Bidder has the
experience, available personnel, reliability, or availability of financial resources to complete
the project in a timely manner and in full compliance with the requirements of the Contract,
the Owner may reject the Bid and award to the next lowest qualified Bidder 

14. PERFORMANCE AND LABOR AND MATERIAL BOND

002000 - 4 INSTRUCTIONS TO BIDDERS
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The successful bidder shall provide a Performance Bond and Payment Bond made payable
to Chester Union Free School District, each in an amount at least equal to one hundred
percent (100%) of the Contract Price as security for the faithful performance of his Contract
and for payment of all persons performing labor and furnishing materials in connection with
the project.  The value of each bond shall be adjusted during the Project construction period
to reflect changes in the Contract Sum. All Bonds must meet or exceed the requirements
set forth in Article 17 of the Standard Abbreviated Form of Agreement Between Owner and
Contractor - AIA Document A104, 2017 Edition.  Provide such bonds simultaneously with
the execution of the Contract.  Bonding company and bond must be approved by the
Owner.  Only surities licensed to do business in the State of New York may be used.

15. SUBMITTAL

Submit each Bid in an opaque, sealed envelope.  Identify the envelope with:  (1) project
name, (2) name of bidder, (3) Contract name (e.g. Contract No. 1  - General Construction
Work) and (4) proposal opening date.  Submit Bids in accordance with Advertisement for
Bids and with these Instructions to Bidders.  If forwarded by mail, the Bid must be enclosed
in another envelope and forwarded to the Owner by certified mail or tracked delivery at the
address indicated in the  Advertisement for Bids.  The bidder assumes the risk of any delay
in the mail or in handling of the bid by the Owner.  The bidder assumes full responsibility
for having his bid deposited on time and to the location and person indicated in the
Advertisement for Bids, regardless of the method of delivery.

16. MODIFICATION AND WITHDRAWAL

No oral, facsimile, or telephonic proposals or modifications of Bids will be considered.  Bids
may be modified at any time prior to bid opening by submitting to the Owner a written
modification, enclosed in a sealed opaque envelope, signed by the bidder, or an officer
thereof if the bidder is a corporation, clearly setting forth in what respects the Bid is to be
modified.  Bids may be withdrawn on written or telegraphic request received from bidders
prior to the time fixed for bid opening.  Except as otherwise provided by law, negligence on
the part of the bidder in preparing his Bid confers no right for the withdrawal of the Bid after
it has been opened.  No bidder may withdraw his Bid for forty-five (45) days after the
opening thereof, except as otherwise provided by law.

17. REJECTION OF BIDS

The Owner reserves the right to reject any and all Bids.  The Owner reserves the right to
reject any Bid for reasons including, but not limited to, the following:

a. The bidder fails to furnish any portion of the information required pursuant to the
Instructions to Bidders.

b. The bidder mis-states or conceals any material fact.
c. The Bid does not strictly conform to law or to requirements of the Contract

Documents.
d. The Bid is conditional.
e. The Bid is incomplete (by reason of, for example, failure to fill in an alternate price

or failure to submit required documentation described herein).
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f. The Bidder is deemed unqualified to undertake the work.

The Owner reserves the right, however, to waive any informalities in the Bids received when
such waiver is deemed to be in its interest.

18. OPENING AND AWARD

Bids will be opened as stated in the Advertisement for Bids.  The Owner will award the
Contract, if at all, on or about two weeks after receipt of bids.

The Owner reserves the right to accept Alternates in any order or combination and to
determine the low bidder on the basis of the sum of the Base Bid and Alternates accepted.

19. EXECUTION OF CONTRACT

After the Owner has ascertained the successful bidder, it shall send a Notice of Award of
Contract to bidder to whom a Contract has been awarded.

The Contract used for this project shall be Standard Abbreviated Form of Agreement
Between Owner and Contractor - AIA Document A104, 2017 Edition published by the
American Institute of Architects as modified herein.

In case of failure or refusal of an accepted Bidder to enter into a Contract within ten (10)
days after the issue date of the Notice of Award, or to provide the Performance and
Payment Bonds simultaneously with the execution of such Contract, the bidder will be
considered as having abandoned the Contract.  In such event, the bidder shall be liable for
and agrees to pay to the Owner, on demand, damages for such failure or refusal.  Such
damages shall be the difference between the price bid by him and the price for which such
contract shall subsequently be relet, plus the cost of such reletting, plus any other
consequential expenses and damages.

The amount of such bidder's Bid Security shall be retained by the Owner and shall be
applied toward payment of such damages.  If any amount remains in excess of such
damages, such remaining amount shall be returned to the bidder.

20. SUBCONTRACTORS

All Subcontractors must be acceptable to the Architect and/or Owner.  The Bidder shall
submit the names of the Subcontractors proposed for use on the Project and all other
information concerning his Subcontractors as requested by the Architect and/or Owner
within the time frame stipulated.  If the Architect and/or Owner disapproves any proposed
Subcontractor the contractor shall submit the name of an alternate Subcontractor to whom
the Architect and/or Owner has no objection in the same manner as the original submittal. 

The Owner reserves the right to reject any bid if the names of the proposed Subcontractors
are not submitted as required.

21. SALES AND COMPENSATING USE TAXES

002000 - 6 INSTRUCTIONS TO BIDDERS
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The Owner is exempt from paying sales and compensating use taxes of the State of New
York and of cities, counties, and other subdivisions of the State on all materials sold to it
pursuant to the provisions of this Contract.  These taxes are not to be included in bids.  This
exemption shall apply to supplies and materials which are incorporated in such project. 
This exemption does not, however, apply to equipment rentals, small tools, and supplies
for equipment such as supplies of gasoline used in operating trucks.  The term "materials"
as used in this article shall include supplies incorporated in this project. A Tax Exemption
Certificate will be furnished to the Contractor by the Owner upon request.

22. LAWS AND REGULATIONS

All applicable State Laws, municipal ordinances, and the rules, regulations  and ordinances
of all authorities having jurisdiction over construction of the project shall apply to the
Contract throughout, and they will be deemed to be included in the Contract the same as
though herein written out in full.

23. AFFIRMATIVE ACTION PROVISION 

During the performance of this Contract, each Contractor agrees that he will not
discriminate against any employee or applicant for employment because of race, color,
religion, sex, national origin, age or disability.  Such action shall include, but not be limited
to the following:  employment, upgrading, demotion or transfer; recruitment or recruitment
advertising; layoffs or termination; rates of pay or other forms of compensation; and
selection for training, including apprenticeship.  Each Contractor agrees to include, or
require the inclusion of the above provision in any subcontract made pursuant to its contract
with the Owner.

24. EQUIVALENCY CLAUSE

Whenever a material, article, device, piece of equipment or type of construction is identified
on the Drawings or in the Specifications by reference to manufacturers' or vendors' names,
trade names, catalog numbers, or similar specific information, it is so identified for the
purpose of establishing a standard of quality, and such identification shall not be construed
as limiting competition. Any material, article, device, piece of equipment or type of
construction of other manufacturers or vendors that will perform adequately the duties
imposed by the general design will be considered equally acceptable provided the material,
article, device, piece of equipment or type of construction so proposed is completely
described in submittals to the Architect and is, in the opinion of the Architect, of equal
substance, appearance, and function.  If the contractor desires to use any kind, type, brand,
or manufacturer or material other than those named in the specifications, they shall indicate
in writing, when requested, and prior to award of contract, what kind, type, brand, or
manufacturer is included in the base bid for the specified item, following procedures
specified in Section 016000.  Refer to Division 01 General Requirements (Section 016000)
and Standard Abbreviated Form of Agreement Between Owner and Contractor - AIA
Document A104, 2017 Edition. 

25. PAYMENT/ACCOUNTING AND EMPLOYMENT REQUIREMENTS 
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Contractor shall comply with the latest NYSDOL requirements, including all posting
requirements, minimum wage requirements and all other requirements.

Prevailing Wage Rates: The New York State Department of Labor PRC number assigned
to this project is PRC# 2022005187. Current Wage Rate Schedules can be found here:

To access the PDF file of your schedule, click on the following link or copy and paste into
your browser, type in the PRC number, and click in the Wage Schedule button.

 https://apps.labor.ny.gov/wpp/doFindProject.do 

NYSDOL Requirements for OSHA 10 Compliance: The Contractor shall certify that every
worker employed for this project has completed an OSHA 10 safety training course prior
to performing any work on the project. Valid proof of completion of the OSHA 10 training
course includes copies of bona fide course completion card and training roster, attendance
record, or other documentation from the certified trainer. Simply attesting that all employees
have completed the course is not sufficient proof of completion.

26. POST BID PROCEDURES

A. The responsibility of bidders and of their proposed subcontractors will be considered
in making the award.  The Owner through the Architect may make such
investigation as the Owner deems necessary to determine the responsibility of any
bidder or to determine the ability of any bidder to perform the Work.

B. Bidders shall furnish all information and data required by the Owner, including
financial data, within the time and in the form and manner required by the Owner. 
Upon notification from the Architect, the three apparent low bidders for each
contract shall furnish within three (3) working days after the bid opening four (4)
copies of the following information in writing:
1. The names, addresses and phone numbers of the subcontractors and

suppliers that the bidder proposes to use on the project
2. A bar chart schedule showing the bidders' proposed plan and schedule to 

complete the bidder's work in accordance with the milestones outlined in the
Contract Documents. The schedule shall incorporate all critical path items
and any time sensitive material order and delivery dates.  

5. A proposed schedule of values for the bidder's work;
7. A proposed list of submittals and a proposed schedule for making them, all

keyed to the bar chart.
8. A list of proposed substitutions.

C. After receipt of the above information, the Architect will designate a time and place
for a meeting between the Owner, the Architect and the apparent low bidder.  The
apparent low bidder's principal, project manager and site superintendent will attend
that meeting, at which time the parties will discuss the bidder's responsiveness,
responsibility and qualifications.

D. The Owner reserves the right to disapprove the use of any proposed Subcontractor
and in such event the bidder shall submit the name of another Subcontractor in a
similar manner within the time specified by the Architect.

002000 - 8 INSTRUCTIONS TO BIDDERS
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E. To the fullest extent allowed by law, the Owner reserves the right to reject any bid
if the evidence required by the Owner is not submitted or fails to satisfy the Owner
that the bidder is responsible, able and qualified to carry out the obligations of the
Contract or to complete the Work as contemplated.  The Owner will consider the
information received under paragraphs A through D above in determining whether
or not to accept a proposal.

F. Acceptance of a proposal will be a notice in writing signed by a duly authorized
representative of the Owner.

G. Any bidder whose proposal is accepted will be required to sign the Contract within
ten (10) days after receiving notice of acceptance.

H. In the event that the Owner should reject the proposal of a bidder as provided
above or otherwise, at the Owner's option, the Owner may elect to meet with the
next lowest bidder and to consider the information as provided in paragraphs A
through D above.  In the event that the proposal of the next lowest bidder is rejected
as provided above or otherwise, at the Owner's option, the Owner may elect to meet
with the third lowest bidder and repeat the above process.  At all times the Owner
retains the right to reject all bids.

END OF INSTRUCTIONS TO BIDDERS 
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(Name of Bidder)

BID FORM CONTRACT NO. 1 - GENERAL CONSTRUCTION WORK
FOR
STEM LAB ALTERATIONS AT CHESTER ACADEMY

Chester Union Free School District
District Office
64 Hambletonian Avenue 
Chester, NY 10918
Attention: , Superintendent of Schools

1. The Undersigned hereby declares that it has carefully examined all Bidding and Contract
Documents and has inspected the actual location of Work, together with the local sources
of supply, and has satisfied itself as to all quantities and conditions, and understands that
in signing this Proposal, it waives all rights to plead any misunderstanding regarding the
same.

2. The Undersigned further understands and agrees that it is to do, perform and complete all
the Work in accordance with the Contract Documents and Contract and to accept in full
compensation therefor, the amount of the Base Bid, modified by such additive or deductive
alternatives, if any, as are accepted by the Owner.

3. In submitting this Bid, the Undersigned agrees:

a. To hold the Bid open for forty-five (45) days after Bid Opening.
b. To accept the provisions of the Instructions to Bidders.
c. To enter into and execute a Contract within ten (10) days of the Notice of Award

issue date, and to simultaneously furnish Performance and Labor and Material
Bonds.

d. To commence the Work immediately upon receipt of Notice of Award.

4. The Undersigned agrees that the Work proposed herein will be Substantially Complete  the
dates indicated in specification Section 011000 - "Summary".   

5. By submission of this Bid, each Bidder and each person signing on behalf of any Bidder
certifies, and in the case of a joint Bid, each party thereto certifies as to its own
organization, under penalty of perjury, that to the best of the party's knowledge and belief:

a. the prices in this Bid have been arrived at independently without collusion,
consultation, communication or agreement, for the purpose of restricting
competition, as to any matter relating to such prices, with any other Bidder or with
any competitor, 

b. unless otherwise required by law, the prices that have been quoted in this Bid have
not been knowingly disclosed by the Bidder, and will not knowingly be disclosed by
the Bidder prior to opening, directly or indirectly, to any other Bidder or to any
competitor; and 

c. no attempt has been made or will be made by the Bidder to induce any other
person, partnership or corporation to submit or not to submit a Bid for the purpose
of restricting competition.
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(Name of Bidder)

A Bid shall not be considered for award, nor shall any award be made where a., b., and c.
above have not been complied with, provided however, that if in any case the Bidder cannot
make the foregoing certification, the Bidder shall so state and shall furnish, with the Bid, a
signed statement which sets forth in detail the reasons therefor.  Where a., b., and c. above
have not been complied with, the Bid shall not be considered for award, nor shall any award
be made unless the head of the purchasing unit of the political subdivision, public
department, agency or official thereof to which the Bid is made, or his designee, determines
that such disclosure was not made for the purpose of restricting competition.

The fact that a Bidder (a) has published price lists, rates or tariffs covering items being
procured, (b) has informed prospective customers of proposed or pending publication of
new or revised price lists for such items, or (c) has sold the same items to other customers
at the same prices being Bid, does not constitute, without more, a disclosure within the
meaning of this Section.

6. The Undersigned understands that the Owner reserves the right to accept or reject any or
all Bids and to waive any informalities in the bidding.

7. The Undersigned acknowledges the receipt of the following addenda, but agrees that it is
bound by all addenda whether or not listed herein:

Addendum Number Date of Addendum

8. BASE BID

All labor, material, services and equipment necessary for completion of the Work shown
on the Drawings and the Technical Specifications for General Construction Work:

$  (In numbers)

 Dollars 
(in words)

9. ALTERNATES - none  

10. UNIT PRICES - none

11. ALLOWANCES - none
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(Name of Bidder)

The Undersigned has attached the following documents to this Bid:

a. Certificate of Compliance with the Iran Divestment Act
b. Bid Security
c. Statement of Bidder’s Qualifications AIA Document A305, including Exhibits A, B,

C, D and E.

(If corporation, affix
Legal name of person, partnership, joint venture, limited liability 
company, or corporation (please type) corporate seal)

Address (please type)

Federal ID No. or Social Security No. (please type)

Phone No. (please type)

FAX No. (please type)

Name and title of signer (please type)

Signature Date
 
If a Corporation
Name Address

 , PRESIDENT 

 , SECRETARY 

 , TREASURER 

If a Partnership
Name of Partners Address

 

 

 

If a Joint Venture
Name of Members Address
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(Name of Bidder)

If an Individual
Name of Individual Address 

 

If a Limited Liability Company (LLC)
Name of Members Address
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(Name of Bidder)

BID FORM CONTRACT NO. 2 - MECHANICAL WORK
FOR
STEM LAB ALTERATIONS AT CHESTER ACADEMY

Chester Union Free School District
District Office
64 Hambletonian Avenue 
Chester, NY 10918
Attention: , Superintendent of Schools

1. The Undersigned hereby declares that it has carefully examined all Bidding and Contract
Documents and has inspected the actual location of Work, together with the local sources
of supply, and has satisfied itself as to all quantities and conditions, and understands that
in signing this Proposal, it waives all rights to plead any misunderstanding regarding the
same.

2. The Undersigned further understands and agrees that it is to do, perform and complete all
the Work in accordance with the Contract Documents and Contract and to accept in full
compensation therefor, the amount of the Base Bid, modified by such additive or deductive
alternatives, if any, as are accepted by the Owner.

3. In submitting this Bid, the Undersigned agrees:

a. To hold the Bid open for forty-five (45) days after Bid Opening.
b. To accept the provisions of the Instructions to Bidders.
c. To enter into and execute a Contract within ten (10) days of the Notice of Award

issue date, and to simultaneously furnish Performance and Labor and Material
Bonds.

d. To commence the Work immediately upon receipt of Notice of Award.

4. The Undersigned agrees that the Work proposed herein will be Substantially Complete  the
dates indicated in specification Section 011000 - "Summary".  

5. By submission of this Bid, each Bidder and each person signing on behalf of any Bidder
certifies, and in the case of a joint Bid, each party thereto certifies as to its own
organization, under penalty of perjury, that to the best of the party's knowledge and belief:

a. the prices in this Bid have been arrived at independently without collusion,
consultation, communication or agreement, for the purpose of restricting
competition, as to any matter relating to such prices, with any other Bidder or with
any competitor, 

b. unless otherwise required by law, the prices that have been quoted in this Bid have
not been knowingly disclosed by the Bidder, and will not knowingly be disclosed by
the Bidder prior to opening, directly or indirectly, to any other Bidder or to any
competitor; and 

c. no attempt has been made or will be made by the Bidder to induce any other
person, partnership or corporation to submit or not to submit a Bid for the purpose
of restricting competition.
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(Name of Bidder)

A Bid shall not be considered for award, nor shall any award be made where a., b., and c.
above have not been complied with, provided however, that if in any case the Bidder cannot
make the foregoing certification, the Bidder shall so state and shall furnish, with the Bid, a
signed statement which sets forth in detail the reasons therefor.  Where a., b., and c. above
have not been complied with, the Bid shall not be considered for award, nor shall any award
be made unless the head of the purchasing unit of the political subdivision, public
department, agency or official thereof to which the Bid is made, or his designee, determines
that such disclosure was not made for the purpose of restricting competition.

The fact that a Bidder (a) has published price lists, rates or tariffs covering items being
procured, (b) has informed prospective customers of proposed or pending publication of
new or revised price lists for such items, or (c) has sold the same items to other customers
at the same prices being Bid, does not constitute, without more, a disclosure within the
meaning of this Section.

6. The Undersigned understands that the Owner reserves the right to accept or reject any or
all Bids and to waive any informalities in the bidding.

7. The Undersigned acknowledges the receipt of the following addenda, but agrees that it is
bound by all addenda whether or not listed herein:

Addendum Number Date of Addendum

8. BASE BID

All labor, material, services and equipment necessary for completion of the Work shown
on the Drawings and the Technical Specifications for Mechanical Work:

$  (In numbers)

 Dollars 
(in words)

9. ALTERNATES - none  

10. UNIT PRICES - none

11. ALLOWANCES - none
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(Name of Bidder)

The Undersigned has attached the following documents to this Bid:

a. Certificate of Compliance with the Iran Divestment Act
b. Bid Security
c. Statement of Bidder’s Qualifications AIA Document A305, including Exhibits A, B,

C, D and E.

(If corporation, affix
Legal name of person, partnership, joint venture, limited liability 
company, or corporation (please type) corporate seal)

Address (please type)

Federal ID No. or Social Security No. (please type)

Phone No. (please type)

FAX No. (please type)

Name and title of signer (please type)

Signature Date
 
If a Corporation
Name Address

 , PRESIDENT 

 , SECRETARY 

 , TREASURER 

If a Partnership
Name of Partners Address

 

 

 

If a Joint Venture
Name of Members Address
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(Name of Bidder)

If an Individual
Name of Individual Address 

 

If a Limited Liability Company (LLC)
Name of Members Address
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(Name of Bidder)

BID FORM CONTRACT NO. 3 - ELECTRICAL WORK
FOR
STEM LAB ALTERATIONS AT CHESTER ACADEMY

Chester Union Free School District
District Office
64 Hambletonian Avenue 
Chester, NY 10918
Attention: , Superintendent of Schools

1. The Undersigned hereby declares that it has carefully examined all Bidding and Contract
Documents and has inspected the actual location of Work, together with the local sources
of supply, and has satisfied itself as to all quantities and conditions, and understands that
in signing this Proposal, it waives all rights to plead any misunderstanding regarding the
same.

2. The Undersigned further understands and agrees that it is to do, perform and complete all
the Work in accordance with the Contract Documents and Contract and to accept in full
compensation therefor, the amount of the Base Bid, modified by such additive or deductive
alternatives, if any, as are accepted by the Owner.

3. In submitting this Bid, the Undersigned agrees:

a. To hold the Bid open for forty-five (45) days after Bid Opening.
b. To accept the provisions of the Instructions to Bidders.
c. To enter into and execute a Contract within ten (10) days of the Notice of Award

issue date, and to simultaneously furnish Performance and Labor and Material
Bonds.

d. To commence the Work immediately upon receipt of Notice of Award.

4. The Undersigned agrees that the Work proposed herein will be Substantially Complete  the
dates indicated in specification Section 011000 - "Summary".  

5. By submission of this Bid, each Bidder and each person signing on behalf of any Bidder
certifies, and in the case of a joint Bid, each party thereto certifies as to its own
organization, under penalty of perjury, that to the best of the party's knowledge and belief:

a. the prices in this Bid have been arrived at independently without collusion,
consultation, communication or agreement, for the purpose of restricting
competition, as to any matter relating to such prices, with any other Bidder or with
any competitor, 

b. unless otherwise required by law, the prices that have been quoted in this Bid have
not been knowingly disclosed by the Bidder, and will not knowingly be disclosed by
the Bidder prior to opening, directly or indirectly, to any other Bidder or to any
competitor; and 

c. no attempt has been made or will be made by the Bidder to induce any other
person, partnership or corporation to submit or not to submit a Bid for the purpose
of restricting competition.

                                              004030 - 1  BID FORM - CONTRACT NO. 3 ELECTRICAL

Catherine O'Hara



(Name of Bidder)

A Bid shall not be considered for award, nor shall any award be made where a., b., and c.
above have not been complied with, provided however, that if in any case the Bidder cannot
make the foregoing certification, the Bidder shall so state and shall furnish, with the Bid, a
signed statement which sets forth in detail the reasons therefor.  Where a., b., and c. above
have not been complied with, the Bid shall not be considered for award, nor shall any award
be made unless the head of the purchasing unit of the political subdivision, public
department, agency or official thereof to which the Bid is made, or his designee, determines
that such disclosure was not made for the purpose of restricting competition.

The fact that a Bidder (a) has published price lists, rates or tariffs covering items being
procured, (b) has informed prospective customers of proposed or pending publication of
new or revised price lists for such items, or (c) has sold the same items to other customers
at the same prices being Bid, does not constitute, without more, a disclosure within the
meaning of this Section.

6. The Undersigned understands that the Owner reserves the right to accept or reject any or
all Bids and to waive any informalities in the bidding.

7. The Undersigned acknowledges the receipt of the following addenda, but agrees that it is
bound by all addenda whether or not listed herein:

Addendum Number Date of Addendum

8. BASE BID

All labor, material, services and equipment necessary for completion of the Work shown
on the Drawings and the Technical Specifications for Electrical Work:

$  (In numbers)

 Dollars 
(in words)

9. ALTERNATES - none  

10. UNIT PRICES - none

11. ALLOWANCES - none
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(Name of Bidder)

The Undersigned has attached the following documents to this Bid:

a. Certificate of Compliance with the Iran Divestment Act
b. Bid Security
c. Statement of Bidder’s Qualifications AIA Document A305, including Exhibits A, B,

C, D and E.

(If corporation, affix
Legal name of person, partnership, joint venture, limited liability 
company, or corporation (please type) corporate seal)

Address (please type)

Federal ID No. or Social Security No. (please type)

Phone No. (please type)

FAX No. (please type)

Name and title of signer (please type)

Signature Date
 
If a Corporation
Name Address

 , PRESIDENT 

 , SECRETARY 

 , TREASURER 

If a Partnership
Name of Partners Address

 

 

 

If a Joint Venture
Name of Members Address
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(Name of Bidder)

If an Individual
Name of Individual Address 

 

If a Limited Liability Company (LLC)
Name of Members Address
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CERTIFICATION OF COMPLIANCE WITH THE IRAN DIVESTMENT ACT 
 

As a result of the Iran Divestment Act of 2012 (the “Act”), Chapter 1 of the 2012 Laws of New 

York, a new provision has been added to State Finance Law (SFL) § 165-a and New York 

General Municipal Law § 103-g, both effective April 12, 2012. Under the Act, the Commissioner 

of the Office of General Services (OGS) will be developing a list of “persons” who are engaged 

in “investment activities in Iran” (both are defined terms in the law) (the “Prohibited Entities 

List"). Pursuant to SFL § 165-a(3)(b), the initial list is expected to be issued no later than 120 days 

after the Act’s effective date at which time it will be posted on the OGS website. 
 

By submitting a bid in response to this solicitation or by assuming the responsibility of a 

Contract awarded hereunder, each Bidder/Contractor, any person signing on behalf of any 

Bidder/Contractor and any assignee or subcontractor and, in the case of a joint bid, each 

party thereto, certifies, under penalty of perjury, that once the Prohibited Entities List is posted 

on the OGS website, that to the best of its knowledge and belief, that each Bidder/Contractor 

and any subcontractor or assignee is not identified on the Prohibited Entities List created pursuant 

to SFL § 165-a(3)(b). 
 

Additionally, Bidder/Contractor is advised that once the Prohibited Entities List is posted on the 

OGS Website, any Bidder/Contractor seeking to renew or extend a Contract or assume the 

responsibility of a Contract awarded in response to this solicitation must certify at the time the 

Contract is renewed, extended or assigned that it is not included on the Prohibited Entities List. 
 

During the term of the Contract, should the School District receive information that a 

Bidder/Contractor is in violation of the above-referenced certification, the School District will offer 

the person or entity an opportunity to respond. If the person or entity fails to demonstrate 

that he/she/it has ceased engagement in the investment which is in violation of the Act within 

90 days after the determination of such violation, then the School District shall take such action 

as may be appropriate including, but not limited to, imposing sanctions, seeking compliance, 

recovering damages or declaring the Bidder/Contractor in default. The School District reserves 

the right to reject any bid or request for assignment for a Bidder/Contractor that appears on the 

Prohibited Entities List prior to the award of a contract and to pursue a responsibility review 

with respect to any Bidder/Contractor that is awarded a contract and subsequently appears on the 

Prohibited Entities List. 
 

I, ____ , being duly sworn, deposes and says that  
 
he/she is the  of the _______________  Corporation  
 
and that neither the Bidder/ Contractor nor any proposed subcontractor is identified on the 
Prohibited Entities List. 

 
SIGNED:  
 

 
SWORN to before me this day of 201   
 

Notary Public:    
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OR 

 
 

DECLARATION OF BIDDER’S INABILITY TO PROVIDE CERTIFICATION OF COMPLIANCE 

WITH THE IRAN DIVESTMENT ACT 
 

Bidders shall complete this form if they cannot certify that the bidder 

/contractor or any proposed subcontractor is not identified on the Prohibited Entities List. The 

District reserves the right to undertake any investigation into the information provided herein or to 

request additional information from the bidder. 

 

Name of the Bidder:     

 

Address of Bidder    
 

Has bidder been involved in investment activities in Iran?   
 

Describe the type of activities including but not limited to the amounts and the nature of the 

investments (e.g. banking, energy, real estate):    
 

  
 

  
 
If so, when did the first investment activity occur?    
 

Have the investment activities ended?    
 

If so, what was the date of the last investment activity?    
 

If not, have the investment activities increased or expanded since April 12, 2012?    
 

Has the bidder adopted, publicized, or implemented a formal plan to cease the investment activities 

in Iran and to refrain from engaging in any new investments in Iran?    
 

If so, provide the date of the adoption of the plan by the bidder and proof of the adopted resolution, 

if any and a copy of the formal plan.    
 

In detail, state the reasons why the bidder cannot provide the Certification of Compliance with the 

Iran Divestment Act below (additional pages may be attached):    
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I, _____________________________being duly sworn, deposes and says that he/she is the 

 

_______  of the Corporation and  

 

the foregoing is true and accurate. 
 
 
  

SIGNED 
 

SWORN to before me this day of 201   
 

Notary Public:    
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STEM Lab Alterations at Chester Academy
64 Hambeltonion Avenue, Chester, NY 10918
SED #44-02-01-02-0-009-006

Chester Union Free School District
64 Hambletonion Avenue, Chester, NY 10918



�����

�

�����	
�������������������������������� !"#�� $%�&'(�)%�%�*��+�,�-.,��/&'�0'1���2�,��3�-�/���,/�14�-55������1��,1,�6,(4�+�,�7-.,��/&'�0'1���2�,��3�-�/���,/�1#8�
7-0-#8���,�-0-�9���#�&'(�7-0-���'��&/��:�/2.,'�18�&�,��,��1�,�,(���&(,.&�;1�&'(�.&��'���*,�21,(�<����2���,�.�11��'4�+��1�(�/2.,'��<&1����(2/,(�*��-0-�
1�3�<&�,�&����="!="%�>+��'�%�?�)?)%)��2'(,��@�(,��A�4$))$!% $% �<��/��,B���,1��'�%)?�C?)%)�#��1�'���3����,1&5,#��1�5�/,'1,(�3����',D��.,�21,��'5�#�&'(�.&���'5��
*,�21,(��'�&//��(&'/,�<������,�-0-���'��&/��:�/2.,'�1E�+,�.1��3�F,�6�/,4�+���,�����/���������6��5&���'1#�,D.&�5�/��������G&�&4���4
HIJ�K	�IL� M�!!N$O$%N)P

�

QRSTUVWXYZ[\WX[UT\XT\[UV[\W]\[\WUV[̂_TY[VW]̀̀[aX[b_TV\SRXY[]V[][V\]\R\_Sc[a_TY[]TY[T_\[]V[][b_dd_T[̀]e[a_TYf

gUhTXY[]TY[VX]̀XY[\WUV[[[[Y]c[_Q[[[[Z[[[

[[
ijklmnopmknqorqsntlptuovw ixyovw

�� [[

iztmlyrrw i{tmvyw

[[
ix|nym}w ixyovw

�� [[

iztmlyrrw i{tmvyw



������������	
��


�����
�
��������������������������� ��!��������"��#����$#��������%�����&���

'()*+

,

-'-./01234(*.-5678.9.:65;.<=0>34>?@.-56;8.9.:66;A+.BCDEFGHIJKLKMNOPQKMNRMQKMNRSQKMNPMQKMNPOQKMNPPQKMNTUQKMNTVQKMNTSQKMNSTQKMNNTQKWUUTKXYZKWUMTK[EK\I]K
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\I]KXcJICFKCdKJIGbKZC̀c_]YJKIXbK

XZZ]ZKGYdCF_XJGCYKY]]Z]ZKdCFKGJbK

C̀_De]JGCYgK\I]KXcJICFK_XEKXebCK

IXf]KF]fGb]ZKJI]KJ]sJKCdKJI]KCFGHGYXeK

â̂KbJXYZXFZKdCF_gK̂YK��������������

�����������������JIXJKYCJ]bKXZZ]ZK

GYdCF_XJGCYKXbKm]eeKXbKF]fGbGCYbKJCKJI]K

bJXYZXFZKdCF_KJ]sJKGbKXfXGeX[e]KdFC_K

JI]KXcJICFKXYZKbICceZK[]KF]fG]m]ZgK̂K

f]FJG̀XeKeGY]KGYKJI]Ke]dJK_XFHGYKCdKJIGbK

ZC̀c_]YJKGYZG̀XJ]bKmI]F]KJI]KXcJICFK

IXbKXZZ]ZKY]̀]bbXFEKGYdCF_XJGCYK

XYZKmI]F]KJI]KXcJICFKIXbKXZZ]ZKJCKCFK

Z]e]J]ZKdFC_KJI]KCFGHGYXeK̂âKJ]sJg

\IGbKZC̀c_]YJKIXbKG_DCFJXYJKe]HXeK

C̀Yb]�c]Ỳ]bgKBCYbceJXJGCYKmGJIKXYK

XJJCFY]EKGbK]ỲCcFXH]ZKmGJIKF]bD]̀JK

JCKGJbK̀C_De]JGCYKCFK_CZGdG̀XJGCYg
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WXYZ[\]̂\X_ẀaZ[b

c Wd[\e]_f\]̂\Wd̀b\a]gW_XaW

h iXW[\]̂\a]jj[ga[j[gW\Xgi\bkYbWXgẀXZ\a]jlZ[Ẁ]g

m a]gW_XaW\bkj

n lXoj[gW

p ìblkW[\_[b]ZkẀ]g

q [gkj[_XẀ]g\]̂\a]gW_XaW\i]akj[gWb

r s[g[_XZ\l_]t̀b̀]gb

u ]eg[_

v a]gW_XaW]_

cw X_ad̀W[aW

cc bkYa]gW_XaW]_b

ch a]gbW_kaẀ]g\Yo\]eg[_\]_\Yo\b[lX_XW[\a]gW_XaW]_b

cm adXgs[b\̀g\Wd[\e]_f

cn Ẁj[

cp lXoj[gWb\Xgi\a]jlZ[Ẁ]g

cq l_]W[aẀ]g\]̂\l[_b]gb\Xgi\l_]l[_Wo

cr g̀bk_Xga[\Xgi\Y]gib

cu a]__[aẀ]g\]̂\e]_f

cv j̀ba[ZZXg[]kb\l_]t̀b̀]gb

hw W[_j̀gXẀ]g\]̂\Wd[\a]gW_XaW

hc aZX̀jb\Xgi\ìblkW[b

[xd̀ỲW\X\\\i[W[_j̀gXẀ]g\]̂\Wd[\a]bW\]̂\Wd[\e]_f

X_ẀaZ[\c\\\Wd[\e]_f\]̂\Wd̀b\a]gW_XaW
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X_ẀaZ[\h\\\iXW[\]̂\a]jj[ga[j[gW\Xgi\bkYbWXgẀXZ\a]jlZ[Ẁ]g
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X
YZX[X\[]̂X_ZX̀_aâ b̀ â̂ b]X_ZX]ĉXd_efXghXb_]Xĥî̀ ]̂\jX]ĉbX]ĉX\[]̂X_ZX̀_aâ b̀ â̂ b]Xhc[iiXk̂X]ĉX\[]̂X_ZX]cghX
lmê̂ âb]n

opqrqXsĉXt_b]e[̀]XsgâXhc[iiXk̂Xâ[huê\XZe_aX]ĉX\[]̂X_ZX̀_aâ b̀ â̂ b]n

opqrvXwxyz{|}{~|�p������{~�}p
opqrvr�p�uk�̂̀]X]_X[\�uh]âb]hX_ZX]ĉXt_b]e[̀]XsgâX[hX�e_�g\̂\XgbX]ĉXt_b]e[̀]X�_̀uâb]hjX]ĉXt_b]e[̀]_eXhc[iiX
[̀cĝ�̂X�ukh][b]g[iXt_a�î]g_bX_ZX]ĉX̂b]gêXd_ef�
���������������������������������������������������� ���¡��������¢£

¤$p¥p$¦ §̈X]ĉXZ_ii_©gbmX\[]̂�XXX

ªgb[iXt_a�î]g_bX�[]̂�X

opqrvrqp�uk�̂̀]X]_X[\�uh]âb]hX_ZX]ĉXt_b]e[̀]XsgâX[hX�e_�g\̂\XgbX]ĉXt_b]e[̀]X�_̀uâb]hjXgZX�_e]g_bhX_ZX]ĉXd_efX[êX
]_Xk̂X̀_a�î]̂\X�eg_eX]_X�ukh][b]g[iXt_a�î]g_bX_ZX]ĉX̂b]gêXd_efjX]ĉXt_b]e[̀]_eXhc[iiX[̀cĝ�̂X�ukh][b]g[iX
t_a�î]g_bX_ZXhùcX�_e]g_bhXk̈X]ĉXZ_ii_©gbmX\[]̂h�

«�¬{~�}p�p®�¬̄ wxyz{|}{~|�p������{~�}p°|{�
XX±l

opqrvrvpYZX]ĉXt_b]e[̀]_eXZ[gihX]_X[̀cĝ�̂X�ukh][b]g[iXt_a�î]g_bX[hX�e_�g\̂\XgbX]cghX�̂ ]̀g_bX²n³jXiǵug\[]̂\X\[a[m̂hjXgZX
[b̈jXhc[iiXk̂X[hĥhĥ\X[hXĥ]XZ_e]cXgbX�̂ ]̀g_bX³nµn

¶·̧¹�º»pvppp�¼½̧·¶�̧pw¾¿
opvr�XsĉXÀ©b̂eXhc[iiX�[̈X]ĉXt_b]e[̀]_eX]ĉXt_b]e[̀]X�uaXgbX̀ueêb]XZub\hXZ_eX]ĉXt_b]e[̀]_eÁhX�̂eZ_ea[b̀ X̂_ZX]ĉX
t_b]e[̀]nXsĉXt_b]e[̀]X�uaXhc[iiXk̂X_b̂X_ZX]ĉXZ_ii_©gbm�
��������������������������¢£

¤$p¥p$¦ �]g�ui[]̂\X�uajXgbX[̀ _̀e\[b̀ X̂©g]cX�̂ ]̀g_bX³n²Xk̂i_©

�Â���Ã�������������£
�Ä�������������������������Å�Æ����������Ç�������È¢ÉÆ�È¢È����È¢Ê�����Ë¢£

opvrqXsĉX�]g�ui[]̂\X�uaXhc[iiXk̂XXXXXXX�_ii[ehX[b\XÌÌÍÎÏÏXt̂b]hXXÐÑXnÏÏXXÒjXhuk�̂̀]X]_X[\\g]g_bhX[b\X\̂\ù]g_bhX[hX
�e_�g\̂\XgbX]ĉXt_b]e[̀]X�_̀uâb]hn

opvrqr�XsĉX�]g�ui[]̂\X�uaXghXk[ĥ\Xu�_bX]ĉXZ_ii_©gbmX[i]̂eb[]̂hjXgZX[b̈jX©cg̀cX[êX\̂h̀egk̂\XgbX]ĉXt_b]e[̀]X
�_̀uâb]hX[b\X[êXĉêk̈X[̀`̂�]̂\Xk̈X]ĉXÀ©b̂e�
�Ç����������Ó���������������������¡���������¡��������������������¢�Ô¡�����������Ã����������������Ó�����������������
ÕË��������������������������������Ó���ÖÓ���������������Ó������¡������×Ã�������Æ���������������Ó����¡��Ó���������
��������������Ë��Ã��������Ó���¡���������������������Ë������������Ó����������¢£

opvrqrqXØbg]X�eg̀̂hjXgZX[b̈�
�Ô�����¡ ������������������������Ó������������������ÖÓ����� ������������Æ��¡��� Æ����Ë���������Ó����������Ë�������
����������¢£

¹{�� ¾}~{zp|}Ùpº~�~{|{~�}z «¬~Ú�p��¬p¾}~{pÛÜÝrÝÝÞ

opvrqrvXlii_©[b̀ ĥjXgZX[b̈jXgb̀iu\̂\XgbX]ĉXh]g�ui[]̂\Xhua�
�Ô�����¡ ����������Ë����¢£
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�

WXYZ [\]̂Y

_̀abàcdeX̀df̀XgỲhd\ì[jkècdlX\m̂Xd\nèoYỲp̀qrs̀tuvw
xyz{z|{z}~����������
_̀ab�̀cdeX̀df̀XgỲhd\ì[jkècdlX\m̂Xd\nèoYỲh]Xg̀m̀�km\mlXYY�̀�m�]ZkZ̀[\]̂Ỳp̀qrs̀tuvw

_̀ab�̀���������������������������
x����{����{���z��� ¡��¢�¢¡���£¡{��¢¤¥¢�z�����z�z|��¦�¢£�z�§̈�

��

©ªsWc«v̀�̀`̀[©¬�vqs
_̀�b̀[\d®\Yeè[m̄ZYlXe
_̀�bb�°������±²��³±±́�µ���²����²¶�·���������̧��������²��¹��³¶µ¹���µ��̧���¹��º²��¶�µ�²¶�����º�¶����µ������²¶�
·��������������̧���¹��³¶µ¹���µ����¹��»¼��¶��¹�́́���½��±¶²�¶����±��������²���µµ²����²���¹��º²��¶�µ��¾����²��¹��
º²��¶�µ�²¶����±¶²¿�����̧�́²¼������́��¼¹�¶������¹��º²��¶�µ��À²µ������Á�

_̀�bbÂ�Ã¹��±�¶�²��µ²¿�¶���̧����µ¹�³±±́�µ���²���²¶�·��������¹�́́�̧��²���µ�́����¶��²��¹��������²���¹��́��������²���¹��
�²��¹Á

_̀�bba�·¶²¿������¹������³±±́�µ���²���²¶�·����������¶�µ��¿���̧���¹��³¶µ¹���µ���²��́���¶��¹����¹���ÄÅÄÃÆÆÇÃÈ�ÉÊË�¹Ì��
����²�����²��¹���¹��»¼��¶��¹�́́���½��±�������²���¹��µ�¶���������²�����²��¹��º²��¶�µ�²¶��²��́���¶��¹����¹���ÃÆÇÃÈ�
ÉÊÍ�¹Ì������²���¹���Ç�Î����²��¹Á�Å�����³±±́�µ���²���²¶�·����������¶�µ��¿���̧���¹��³¶µ¹���µ������¶��¹���������Î����̧²¿���
±��������¹�́́�̧�������̧���¹��»¼��¶��²��́���¶��¹����ÃÈÅÏÃÐ��É��ÑÍ��Ì����������¶��¹��³¶µ¹���µ��¶�µ��¿����¹��³±±́�µ���²��
�²¶�·������Á
xÒ���{z�¦���z���¡{��¡ z���zÓ���z§�{�¤¥¢{��}z§�����Ó¢�~¢��z� �{�z¢��}�{¢¡��¡£��¢��̈�

_̀�bb��Ä²¶���µ¹�±¶²�¶����±������������±¶�²¶��²�¾�̧�������́�º²�±́���²��²���¹��Ô²¶½���¹��»¼��¶�����¼��¹¹²́��
¶����������¶²���¹��±�������²�¹�¶¼������������²́́²¼��
x����{��z�}�{ ���z|��¡{�z�¡¥����¡�Õ��Ó¢�~~����z��{��z¢�z|��£{¡���z ~�Ö}}�¢ z�¢¡��£¡{�yz§�����z���z�§���{���£¡{�
{��¥ �¢¡��¡£�{��z¢�z|���¥{¢�|��~�� ¡¥{���¡£��~��×¡{Ø̈�Ù~��z�¡¥���¡£�{��z¢�z|���z§�Õ���¢�¢����Õ§�|¡Ú�{�¢�|��zÓ̈�

Ä�¿��±�¶µ����ÉËÛÌ���²�¶���µ��²�����

_̀�bb��·������������������±��������¶��¹��º²��¶�µ���¹�́́�̧��¶�����¶�����¶²���¹�������±������������������¹��¶�����������
�̧́²¼��²¶�����¹���̧���µ���¹�¶�²�������¹��́���́�¶����±¶�¿��́�����¶²��������²����������¹��±́�µ��¼¹�¶���¹��·¶²Ü�µ�����́²µ����Á
xyz{z|{z}~����������

_̀�bẦo]lmj̀[m̄ZYlX
_̀�bÂb�Ä���́�±��������µ²������������¹������¶����±����̧�́��µ��²���¹��º²��¶�µ��¾�����¹�́́�̧�������̧���¹��»¼��¶��²��¹��
º²��¶�µ�²¶�¼¹��

b �¹��º²��¶�µ�²¶�¹�����́́��±�¶�²¶�����¹��º²��¶�µ���Îµ�±���²¶��¹��º²��¶�µ�²¶Ý��¶��±²���̧�́�����²�µ²¶¶�µ��
Ô²¶½����±¶²¿��������¾�µ��²��ÊÞÁß�������²���������²�¹�¶�¶����¶����������������¼¹�µ¹��Î�����̧��²�������́�
±������à�

bÂ �¹��º²��¶�µ�²¶�¹�����̧�������������́��µµ²��������²¶��¹��º²���²���¹��Ô²¶½��¼¹�¶��±����������²���¹��̧�����
²���¹��º²���²���¹��Ô²¶½�¼��¹�²¶�¼��¹²�����á��¶�������â�Î�����·¶�µ�à����

ba ������́�º�¶����µ�����²¶�·�������¹���̧�����������̧���¹��³¶µ¹���µ������µµ²¶���µ��¼��¹�¾�µ��²��ÊËÁãÁÊÁ

_̀�bÂbÂ�Ã¹��»¼��¶Ý������́�±��������²��¹��º²��¶�µ�²¶��¹�́́�̧��������²�́���¶��¹���ÑÍ����������¶��¹��������µ��²���¹��
³¶µ¹���µ�Ý������́�º�¶����µ�����²¶�·������Á

©ªsWc«v̀�̀`̀wWu[tsv̀ªvur«tsWrq
_̀�b̀ä]l�]l®̀w]eåkXỲªYedjkX]dl
Ä²¶�����µ́������̧Ü�µ���²��̧����²��¶��²́¿���̧����������²��±�¶�������²�¾�µ��²��ßÊÁË���¹�����¹²��²��̧����������±����
¶��²́���²���¹�́́�̧������²́́²¼��
xæ~� Ø��~��z}}{¡}{¢z���Õ¡ç̈�
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W

X$YZY$[ \]̂]_̀ ]̂abc]bc̀cdaef̂cagcdahiĵjb̂ckef]lm]d̂]abc
nopqprqpstuvwxyxzxw{

]bĉ|jcmah]d]}jcagĉ|jc~�bjf

�gĉ|jc~�bjfc̀bmc�ab̂f̀d̂afcmacbâclj}jd̂c̀chĵ|amcagc�]bm]b_cm]liêjcfjla}ê]ab�cafcmacbâcle�lj�ejb̂}�c̀_fjjc]bc
�f]̂]b_ĉac̀c�]bm]b_cm]liêjcfjla}ê]abchĵ|amcâ|jfĉ|̀bc}]̂]_̀ ]̂ab�cd}̀]hlc�]}}c�jcfjla}�jmc]bc̀cdaef̂cagcdahiĵjb̂c
kef]lm]d̂]ab�

�������Y�YYY�����������Y��Y��������Y���������
�Y���c�|jc�ab̂f̀d̂c�adehjb̂lc̀fjcmjg]bjmc]bc�f̂]d}jc�c̀bm�cj�djîcgafc�am]g]d̀]̂ablc]llejmc̀ĝjfcj�jdê]abcagĉ|]lc
�_fjjhjb̂�c̀fjcjbehjf̀̂jmc]bĉ|jcljd̂]ablc�j}a��

�Y�����c�|jc�_fjjhjb̂c]lĉ|]lcj�jdêjmc���c�adehjb̂c� ¡¢£¤¥¡ ��c¦̂̀ bm̀fmc���fj�]̀̂jmc§afhcagc�_fjjhjb̂c
j̈̂�jjbc~�bjfc̀bmc�ab̂f̀d̂af�

�Y����©cªc«~�c¬¦�
nopqprqpstvwxyxzxw{
�Y����®c�|jc¦eii}jhjb̂̀f�c̀bmcâ|jfc�abm]̂]ablcagĉ|jc�ab̂f̀d̂̄c«�

n°p±yxvwxyxzxw{
�Y����²c�|jc¦ijd]g]d̀]̂abl̄
n³́ztxqvýuzvztxvµsx¶́·́¶pź̧¹uvtxqxv̧qvqx·xqvz̧vp¹vxºt́±́zvpzzp¶txwvz̧vzt́uv»rqxx¼x¹z½{

]̈mc�llejc¦ijd]g]d̀]̂ablcm̀ ĵmc�̈ �c¤c�a�jfc̀bmc�bmj�c̀̂^̀d|jm
n°p±yxvwxyxzxw{
�Y����¾c�|jc�f̀�]b_l̄
n³́ztxqvýuzvztxv¿qpÀ́¹ruvtxqxv̧qvqx·xqvz̧vp¹vxºt́±́zvpzzp¶txwvz̧vzt́uv»rqxx¼x¹z½{

]̈mc�llejc�f̀�]b_lcm̀ ĵmc�̈ �¤c�]̂}jc¦|jĵc̀̂^̀d|jm
n°p±yxvwxyxzxw{
�Y�����Y�|jc�mmjbm̀�c]gc̀b�̄

�ÁÂÃÄÅ �ÆÇÄ ÈÆÉÄÊ
c

Ëaf̂]ablcagc�mmjbm̀cfj}̀̂]b_ĉac�]mm]b_cafcifaial̀}cfj�e]fjhjb̂lc̀fjcbâcìf̂cagĉ|jc�ab̂f̀d̂c�adehjb̂lceb}jllĉ|jc
�]mm]b_cafcifaial̀}cfj�e]fjhjb̂lc̀fjcjbehjf̀̂jmc]bĉ|]lc�f̂]d}jcÌ�

�Y����Íc�mm]̂]ab̀}cmadehjb̂l�c]gc̀b��cgafh]b_cìf̂cagĉ|jc�ab̂f̀d̂c�adehjb̂l̄c

nopqprqpstuvwxyxzxw{
ÎÏÐÑÒÓÔÕÒÖÖ×ØÔÙ×ÑÐÚÒÖÔÛÜÝÞÞÖÔßàáÐÚàÜÐÔÙÞÑÐÚÒÜÐÞÚÔâÑáÏÚÒÑÜ×ÔãäÚ××Ó×ÑÐ

�������YÍYYYå������YÈ��æ������
�YÍ��Y�çÄY�èéÇÅÆêÇY�èêÁÂÄéÇÊ
�|jc�ab̂f̀d̂c�adehjb̂lc̀fjcjbehjf̀̂jmc]bc�f̂]d}jcÌc̀bmcdabl]l̂cagĉ|]lc�_fjjhjb̂cë]bd}em]b_�c]gc̀ii}]d̀�}j�c
¦eii}jhjb̂̀f�c̀bmcâ|jfc�abm]̂]ablcagĉ|jc�ab̂f̀d̂ì�c�f̀�]b_l�c¦ijd]g]d̀]̂abl�c�mmjbm̀c]llejmcif]afĉaĉ|jc
j�jdê]abcagĉ|]lc�_fjjhjb̂�câ|jfcmadehjb̂lc}]l̂jmc]bĉ|]lc�_fjjhjb̂�c̀bmc�am]g]d̀]̂ablc]llejmc̀ĝjfcj�jdê]abcagc
|̂]lc�_fjjhjb̂�c�c�am]g]d̀]̂abc]lcë ìc̀c�f]̂̂jbc̀hjbmhjb̂ĉaĉ|jc�ab̂f̀d̂cl]_bjmc��c�â|cìf̂]jl�cë¥ìc̀c�|̀b_jc~fmjf�c
ëíìc̀c�abl̂fed̂]abc�|̀b_jc�]fjd̂]�j�cafcë¢ìc̀c�f]̂̂jbcafmjfcgafc̀ch]bafcd|̀b_jc]bĉ|jcîafïc]llejmc��ĉ|jc�fd|]̂jd̂�c�|jc
]b̂jb̂cagĉ|jc�ab̂f̀d̂c�adehjb̂lc]lĉac]bd}emjc̀}}c]̂jhlcbjdjll̀f�cgafĉ|jcifaijfcj�jdê]abc̀bmcdahi}ĵ]abcagĉ|jcîafïc
��ĉ|jc�ab̂f̀d̂af�c�|jc�ab̂f̀d̂c�adehjb̂lc̀fjcdahi}jhjb̂̀f��c̀bmc�|̀ ĉ]lcfj�e]fjmc��cabjcl|̀}}c�jc̀lc�]bm]b_c̀lc]gc
fj�e]fjmc��c̀}}ðcijfgafh̀bdjc��ĉ|jc�ab̂f̀d̂afcl|̀}}c�jcfj�e]fjmĉaĉ|jcj�̂jb̂cdabl]l̂jb̂c�]̂|ĉ|jc�ab̂f̀d̂c�adehjb̂lc
b̀mcfj̀lab̀�}�c]bgjf̀�}jcgfahĉ|jhc̀lc�j]b_cbjdjll̀f�ĉacifamedjĉ|jc]bm]d̀ĵmcfjle}̂l�
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W

XYZY[\]̂_̀]YaZYbZ̀cdZefgc]̀dg̀Z̀YZ̀cdZhiadfjZicd̀cdfZdklfdmmdnZ[oZ_̂fddpdàZYfZ]pl\]dnZ[oZ\_ijZmc_\\Z[dZgYam̀fqdnZ_mZ
]àdandnZbYfZ̀cdZ[dadb]̀ZYbZ̀cdZrYàf_g̀YfsZXỲc]âZ]aZ̀cdZrYàf_g̀ZtYgqpdàmZaYfZ]aZ_aoZ_mldg̀ZYbZ̀cdZefgc]̀dg̀umZ
fd\_̀]Yamc]lZi]̀cZ̀cdZhiadfZmc_\\Zgfd_̀dZYfẐ]vdZf]mdZ̀YZ_aoZnq̀oZic_̀mYdvdfZYaZ̀cdZl_f̀ZYbZ̀cdZefgc]̀dg̀Z̀YZ̀cdZ
rYàf_g̀YfsZwcdZ̀dfpZxrYàf_g̀YfxZ]aZ̀c]mZl_f_̂f_lcZmc_\\Z]ag\qndZ̀cdZrYàf_g̀YfjZ]̀mZYbb]gdfmjZdpl\YoddmjZ_̂dàmjZ
gYàf_g̀ddmZ_anZyq[gYàf_g̀YfmZYbZ_aoZ̀]dfzZgYYfn]a_̀dZi]̀cZef̀]g\dZ{s|}ZYbZ̀c]mZtYgqpdàs

~������Z�aZ̀cdZdvdàZYbZ_aoZgYab\]g̀Z_pYâZ̀cdZrYàf_g̀ZtYgqpdàmjZ̀cdZrYàf_g̀YfZmc_\\ZaỲ]boZ̀cdZhiadfZ_anZ̀cdZ
efgc]̀dg̀ZYbZm_pdZ_anZbY\\YiZ_anZgYpl\oZi]̀cZ̀cd]fZ]àdflfd̀_̀]YaZYbZm_pdsZ�aZ̀cdZdvdàZ̀c_̀Z̀cdZhiadfZ_anZefgc]̀dg̀Z
b_]\Z̀YZfdmlYanZ̀YZ̀cdZrYàf_g̀YfumZaỲ]b]g_̀]YaZi]̀c]aZ_Zfd_mYa_[\dZldf]YnZYbZ̀]pdjZ̀cdaZ̀cdZtYgqpdàmZmc_\\Z[dZ
gYam̀fqdnZ_ggYfn]âZ̀YZ̀cdZbY\\Yi]âZlf]Yf]̀]dm�

�]̂cdm̀Z�f]Yf]̀o� �Yn]b]g_̀]YamZ]mmqdnZ_b̀dfZdkdgq̀]YaZYbZ̀cdZêfddpdàZ
ydgYanZ�f]Yf]̀o� êfddpdàZ[d̀iddaZhiadfZ_anZrYàf_g̀Yf
wc]fnZ�f]Yf]̀o� enndan_Z]mmqdnZlf]YfZ̀YZ̀cdZdkdgq̀]YaZYbZ̀cdZêfddpdàZ\_̀dfZn_̀dZ̀YZ̀_�dZlfdgdndagdZ
�Yqf̀cZ�f]Yf]̀o� yldg]_\Z�fY�dg̀Z�d�q]fdpdàmZ�]bZ_ao�
�]b̀cZ�f]Yf]̀o� enn]̀]Ya_\ZrYan]̀]Yam
y]k̀cZ�f]Yf]̀o� yqll\dpdà_foZ�dadf_\ZrYan]̀]Yam
ydvdàcZ�f]Yf]̀o� �dadf_\ZrYan]̀]Yam
�]̂c̀cZ�f]Yf]̀o� wcdZwdgca]g_\Zyldg]b]g_̀]YamZ]ag\qn]âZt]v]m]YaZ�|
X]àcZ�f]Yf]̀o� wcdZrYabYfpdnZrYam̀fqg̀]YaZtf_i]âm

wcdZ̀dfpmZ_anZgYan]̀]YamZYbZ̀c]mZ�_f_̂f_lcZ�s|s|jZcYidvdfjZmc_\\ZaỲZfd\]dvdZ̀cdZrYàf_g̀YfZYbZ_aoZỲcdfZY[\]̂_̀]YamZmd̀Z
bYf̀cZ]aZ̀c]mZrYàf_g̀Z_anZrYan]̀]YamZtYgqpdà

epYâZnf_i]âmjZ\_f̂dZmg_\dZnd̀_]\mZmc_\\ZgYàfY\ZYvdfZmp_\\Zmg_\dZnd̀_]\mZ_anZb]̂qfdnZn]pdam]YamZmc_\\ZgYàfY\ZYvdfZ
tf_i]âmZaỲZn]pdam]Yadns

�dbYfdZYfndf]âZ_aoZp_̀df]_\mZYfZnY]âZ_aoZ�Yf�jZd_gcZrYàf_g̀YfZ_anZyq[gYàf_g̀YfZmc_\\Zvdf]boZpd_mqfdpdàmZ_̀Z̀cdZ
�fY�dg̀Zm]̀dZ_anZmc_\\Z[dZfdmlYam][\dZbYfZ̀cdZgYffdg̀admmZYbZmqgcZpd_mqfdpdàmsZXYZdk̀f_Zgc_f̂dmZYfZgYpldam_̀]YaZi]\\Z
[dZ_\\YidnZYaZ_ggYqàZYbZn]bbdfdagdmZ[d̀iddaZ_g̀q_\Zn]pdam]YamZ_anZ̀cdZn]pdam]YamZ]an]g_̀dnZYaZ̀cdZtf_i]âmsZeaoZ
n]bbdfdagdZic]gcZp_oZ[dZbYqanZmc_\\Z[dZmq[p]̀̀dnZ̀YZ̀cdZefgc]̀dg̀ZbYfZfdmY\q̀]YaZ[dbYfdZlfYgddn]âZi]̀cZ̀cdZ�Yf�s

�bZ_Zp]aYfZgc_âdZ]aZ̀cdZ�Yf�Z]mZbYqanZadgdmm_foZnqdZ̀YZ_g̀q_\Zb]d\nZgYan]̀]YamjZ̀cdZ_bbdg̀dnZyq[gYàf_g̀YfZnf_i]âmZYbZ
mqgcZndl_f̀qfdZ̀YZ̀cdZrYàf_g̀YfZbYfZ̀cdZ_llfYv_\ZYbZ̀cdZefgc]̀dg̀Z[dbYfdZp_�]âZ̀cdZgc_âds

~�����������������
wcdZrYàf_g̀ZtYgqpdàmZbYfpZ̀cdZrYàf_g̀ZbYfZrYam̀fqg̀]YasZwcdZrYàf_g̀ZfdlfdmdàmZ̀cdZdà]fdZ_anZ]àd̂f_̀dnZ
_̂fddpdàZ[d̀iddaZ̀cdZl_f̀]dmZcdfd̀YZ_anZmqldfmdndmZlf]YfZad̂Ỳ]_̀]YamjZfdlfdmdà_̀]YamjZYfZ_̂fddpdàmjZd]̀cdfZif]̀̀daZ
YfZYf_\sZwcdZrYàf_g̀Zp_oZ[dZ_pdandnZYfZpYn]b]dnZYa\oZ[oZ_Z�Yn]b]g_̀]YasZwcdZrYàf_g̀ZtYgqpdàmZmc_\\ZaỲZ[dZ
gYam̀fqdnZ̀YZgfd_̀dZ_ZgYàf_g̀q_\Zfd\_̀]Yamc]lZYbZ_aoZ�]anZ[d̀iddaZ_aoZldfmYamZYfZdà]̀]dmZỲcdfZ̀c_aZ̀cdZhiadfZ_anZ̀cdZ
rYàf_g̀Yfs

~��� �����¡��¢
wcdZ̀dfpZx�Yf�xZpd_amZ̀cdZgYam̀fqg̀]YaZ_anZmdfv]gdmZfd�q]fdnZ[oZ̀cdZrYàf_g̀ZtYgqpdàmjZicd̀cdfZgYpl\d̀dnZYfZ
l_f̀]_\\oZgYpl\d̀dnjZ_anZ]ag\qndmZ_\\ZỲcdfZ\_[YfjZp_̀df]_\mjZd�q]lpdàjZ_anZmdfv]gdmZlfYv]ndnZYfZ̀YZ[dZlfYv]ndnZ[oZ̀cdZ
rYàf_g̀YfZ̀YZbq\b]\\Z̀cdZrYàf_g̀YfumZY[\]̂_̀]YamsZwcdZ�Yf�Zp_oZgYam̀]̀q̀dZ̀cdZicY\dZYfZ_Zl_f̀ZYbZ̀cdZ�fY�dg̀s

~���£�¤�¥��¦§���¥��̈�©��ª«��
�am̀fqpdàmZYbZydfv]gdZ_fdZfdlfdmdà_̀]YamjZ]aZ_aoZpdn]qpZYbZdklfdmm]YaZaYiZ�aYiaZYfZ\_̀dfZndvd\YldnjZYbZ̀cdZ̀_â][\dZ
_anZ]à_â][\dZgfd_̀]vdZiYf�ZldfbYfpdnZ[oZ̀cdZefgc]̀dg̀Z_anZ̀cdZefgc]̀dg̀umZgYamq\̀_àmZqandfZ̀cd]fZfdmldg̀]vdZ
lfYbdmm]Ya_\Zmdfv]gdmZ_̂fddpdàmsZ�am̀fqpdàmZYbZydfv]gdZp_oZ]ag\qndjZi]̀cYq̀Z\]p]̀_̀]YajZm̀qn]dmjZmqfvdomjZpYnd\mjZ
m�d̀gcdmjZnf_i]âmjZmldg]b]g_̀]YamjZ_anZỲcdfZm]p]\_fZp_̀df]_\ms

~���¬�®���¥�«̄���°�¦¥���̈�±��®«�²¥³�©̄��«̈«���«��¥���°������¤�¥��¦§���¥��̈�©��ª«��
~���¬��ZwcdZefgc]̀dg̀Z_anZ̀cdZefgc]̀dg̀umZgYamq\̀_àmZmc_\\Z[dZnddpdnZ̀cdZ_q̀cYfmZ_anZYiadfmZYbZ̀cd]fZfdmldg̀]vdZ
�am̀fqpdàmZYbZydfv]gdjZ]ag\qn]âZ̀cdZtf_i]âmZ_anZyldg]b]g_̀]YamjZ_anZi]\\Zfd̀_]aZ_\\ZgYppYaZ\_ijZm̀_̀q̀YfoZ_anZỲcdfZ
fdmdfvdnZf]̂c̀mZ]aZ̀cd]fZ�am̀fqpdàmZYbZydfv]gdjZ]ag\qn]âZgYlof]̂c̀msZwcdZrYàf_g̀YfjZyq[gYàf_g̀YfmjZ
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WXYZ[XY\]̂_̀a\_]̀[bcâdc[Xeefgh̀[c[iaffĉ]_c]ĵc]̀c\fagkcac\]el̀gmi_cĝc_ihcn̂[_̀Xkĥ_[c]ocWh̀pg\hqcWXYkg__afc]̀c
dg[_̀gYX_g]̂c_]ckhh_c]oog\gafc̀hmXfa_]̀lc̀hrXg̀hkĥ_[c]̀co]̀c]_ih̀ceX̀e][h[cĝc\]̂ ĥ\_g]̂cjg_ic_ihcs̀]th\_cg[ĉ]_c_]cYhc
\]̂[_̀Xhdca[ceXYfg\a_g]̂cĝcdh̀]ma_g]̂c]oc_ihcù\ig_h\_v[c]̀cù\ig_h\_v[c\]̂[Xf_â_[vc̀h[h̀phdc̀gmi_[q

wxyz{z|c}ihc~]̂_̀a\_]̀bcWXY\]̂_̀a\_]̀[bcWXYZ[XY\]̂_̀a\_]̀[câdc[Xeefgh̀[càhcaX_i]̀g�hdc_]cX[hcâdc̀hè]dX\hc_ihc
n̂[_̀Xkĥ_[c]ocWh̀pg\hcè]pgdhdc_]c_ihkbc[XYth\_c_]c_ihcè]_]\]f[ch[_aYfg[ihdceX̀[Xâ_c_]cWh\_g]̂[c�q�câdc�q�bc[]fhflc
âdch�\fX[gphflco]̀ch�h\X_g]̂c]oc_ihc�]̀�qcuffc\]egh[ckadhcX̂dh̀c_ig[caX_i]̀g�a_g]̂c[iaffcYhàc_ihc\]el̀gmi_ĉ]_g\hbcgoc
âlbc[i]ĵc]̂c_ihcn̂[_̀Xkĥ_[c]ocWh̀pg\hqc}ihc~]̂_̀a\_]̀bcWXY\]̂_̀a\_]̀[bcWXYZ[XY\]̂_̀a\_]̀[bcâdc[Xeefgh̀[ckalĉ]_c
X[hc_ihcn̂[_̀Xkĥ_[c]ocWh̀pg\hc]̂c]_ih̀cè]th\_[c]̀co]̀caddg_g]̂[c_]c_ig[cs̀]th\_c]X_[gdhc_ihc[\]ehc]oc_ihc�]̀�cjg_i]X_c
_ihc[eh\gog\cj̀g__ĥc\]̂[ĥ_c]oc_ihc�ĵ h̀bcù\ig_h\_câdc_ihcù\ig_h\_v[c\]̂[Xf_â_[q

wxyz�x�������x����x���x���x������������
}ihceà_gh[c[iaffcam̀hhcXe]̂cè]_]\]f[cm]ph̀̂ ĝmc_ihc_̀â[kg[[g]̂câdcX[hc]ocn̂[_̀Xkĥ_[c]ocWh̀pg\hc]̀câlc]_ih̀c
ĝo]̀ka_g]̂c]̀cd]\Xkĥ_a_g]̂cĝcdgmg_afco]̀kqc}ihceà_gh[cjgffcX[hcunuc�]\Xkĥ_c����������bc�Xgfdĝmc
n̂o]̀ka_g]̂c�]dhfĝmcâdc�gmg_afc�a_ac��igYg_bc_]ch[_aYfg[ic_ihcè]_]\]f[co]̀c_ihcdhphf]ekĥ_bcX[hbc_̀â[kg[[g]̂bcâdc
h�\iâmhc]ocdgmg_afcda_aq

wxyzyx ¡������x¢�£��������x¤�����x���x���x¥�����¦�
ûlcX[hc]obc]̀c̀hfgâ\hc]̂bcaffc]̀cace]̀_g]̂c]ocacYXgfdĝmcĝo]̀ka_g]̂ck]dhfcjg_i]X_cam̀hhkĥ_c_]cè]_]\]f[cm]ph̀̂ ĝmc
_ihcX[hc]obcâdc̀hfgâ\hc]̂bc_ihcĝo]̀ka_g]̂c\]̂_aĝhdcĝc_ihck]dhfcâdcjg_i]X_ciapĝmc_i][hcè]_]\]f[c[h_co]̀_icĝcunuc
�]\Xkĥ_c����������bc�Xgfdĝmcn̂o]̀ka_g]̂c�]dhfĝmcâdc�gmg_afc�a_ac��igYg_bcâdc_ihc̀hrXg[g_hcunuc�]\Xkĥ_c
§���������bcs̀]th\_c�Xgfdĝmcn̂o]̀ka_g]̂c�]dhfĝmcs̀]_]\]fc̈]̀kbc[iaffcYhca_c_ihcX[ĝmc]̀c̀hflĝmceà_lv[c[]fhc̀g[�c
âdcjg_i]X_cfgaYgfg_lc_]c_ihc]_ih̀ceà_lcâdcg_[c\]̂_̀a\_]̀[c]̀c\]̂[Xf_â_[bc_ihcaX_i]̀[c]obc]̀c\]̂_̀gYX_]̀[c_]bc_ihcYXgfdĝmc
ĝo]̀ka_g]̂ck]dhfbcâdcha\ic]oc_ihg̀camĥ_[câdchkef]lhh[q

wxyz©xª�«���¬����
}ihcĝpafgdg_lc]ocâlcè]pg[g]̂c]oc_ihc~]̂_̀a\_c�]\Xkĥ_[c[iaffĉ]_cĝpafgda_hc_ihc~]̂_̀a\_c]̀cg_[c̀hkaĝĝmc
è]pg[g]̂[qcnocg_cg[cdh_h̀kĝhdc_ia_câlcè]pg[g]̂c]oc_ihc~]̂_̀a\_c�]\Xkĥ_[cpg]fa_h[câlcfajbc]̀cg[c]_ih̀jg[hcĝpafgdc]̀c
X̂ĥo]̀\haYfhbc_iĥc_ia_cè]pg[g]̂c[iaffcYhc̀hpg[hdc_]c_ihch�_ĥ_ĉh\h[[àlc_]cka�hc_ia_cè]pg[g]̂cfhmafcâdc
ĥo]̀\haYfhqcn̂c[X\ic\a[hc_ihc~]̂_̀a\_c�]\Xkĥ_[c[iaffcYhc\]̂[_̀Xhdbc_]c_ihcoXffh[_ch�_ĥ_ceh̀kg__hdcYlcfajbc_]cmgphc
hooh\_c_]c_ihceà_gh[vcĝ_ĥ_g]̂[câdceX̀e][h[cĝch�h\X_ĝmc_ihc~]̂_̀a\_q

wxyz®x̄���¦�
wxyz®z°c��\he_ca[c]_ih̀jg[hcè]pgdhdcĝcWh\_g]̂c�q±q�bcjih̀hc_ihc~]̂_̀a\_c�]\Xkĥ_[c̀hrXg̀hc]̂hceà_lc_]ĉ]_golc]̀c
mgphĉ]_g\hc_]c_ihc]_ih̀ceà_lbc[X\iĉ]_g\hc[iaffcYhcè]pgdhdcĝcj̀g_ĝmc_]c_ihcdh[gm̂a_hdc̀hèh[ĥ_a_gphc]oc_ihceà_lc_]c
ji]kc_ihĉ]_g\hcg[cadd̀h[[hdcâdc[iaffcYhcdhhkhdc_]ciaphcYhĥcdXflc[h̀phdcgocdhfgph̀hdcĝceh̀[]̂bcYlckagfbcYlc\]X̀gh̀bc
]̀cYlchfh\_̀]̂g\c_̀â[kg[[g]̂cĝca\\]̀dâ\hcjg_icunuc�]\Xkĥ_c����������bc�Xgfdĝmcn̂o]̀ka_g]̂c�]dhfĝmcâdc
�gmg_afc�a_ac��igYg_bcgoc\]kefh_hdbc]̀ca[c]_ih̀jg[hc[h_co]̀_icYhf]j²
³́µ¶·̧¹º»¶̧¹¼½¶¾½¶¼¿¿·»À¼½¿º¶Á¾̧¹¶ẤÂ¶Ã·¿ÄÅº½̧¶ÆÇÈÉÊÇÈËÉÌ¶¾½Íº»̧¶»ºÎÄ¾»ºÅº½̧Í¶µ·»¶ÀºÏ¾Ðº»¾½Ñ¶Ò·̧¾¿º¶¾½¶ºÏº¿̧»·½¾¿¶
µ·»Å¼̧¶ÍÄ¿¹¶¼Í¶½¼ÅºÌ¶̧¾̧Ïº¶¼½À¶ºÅ¼¾Ï¶¼ÀÀ»ºÍÍ¶·µ¶̧¹º¶»º¿¾Ó¾º½̧¶¼½À¶Á¹º̧¹º»¶¼½À¶¹·Á¶̧¹º¶ÍÔÍ̧ºÅ¶Á¾ÏÏ¶Õº¶»ºÎÄ¾»ºÀ¶̧·¶
Ñº½º»¼̧º¶¼¶»º¼À¶»º¿º¾Ó̧¶µ·»¶̧¹º¶̧»¼½ÍÅ¾ÍÍ¾·½Ö×

cc

wxyz®z|cØ]_g\hc]oc~fagk[c[iaffcYhcè]pgdhdcĝcj̀g_ĝmcâdc[iaffcYhcdhhkhdc_]ciaphcYhĥcdXflc[h̀phdc]̂flcgocdhfgph̀hdc_]c
_ihcdh[gm̂a_hdc̀hèh[ĥ_a_gphc]oc_ihceà_lc_]cji]kc_ihĉ]_g\hcg[cadd̀h[[hdcYlc\h̀_goghdc]̀c̀hmg[_h̀hdckagfbc]̀cYlc\]X̀gh̀c
è]pgdĝmcè]]oc]ocdhfgph̀lq

wxyz°Ùx¥��������Ú�Ûx�£x�Ú�xÜ������
�ih̀hc_ihc~]̂_̀a\_cg[cYa[hdc]̂c_ihc~][_c]oc_ihc�]̀�cefX[c_ihc~]̂_̀a\_]̀v[c̈hhbcjg_ic]̀cjg_i]X_cac§Xàâ_hhdc
�a�gkXkcs̀g\hbc_ihc~]̂_̀a\_]̀ca\\he_[c_ihc̀hfa_g]̂[igec]oc_̀X[_câdc\]̂ogdĥ\hch[_aYfg[ihdcYlc_ig[cum̀hhkĥ_câdc
\]pĥâ_[cjg_ic_ihc�ĵ h̀c_]c\]]eh̀a_hcjg_ic_ihcù\ig_h\_câdch�h̀\g[hc_ihc~]̂_̀a\_]̀v[c[�gffcâdctXdmkĥ_cĝc
oX̀_ih̀ĝmc_ihcĝ_h̀h[_[c]oc_ihc�ĵ h̀Ýc_]coX̀̂ g[ichoog\gĥ_cYX[ĝh[[cadkĝg[_̀a_g]̂câdc[Xeh̀pg[g]̂Ýc_]coX̀̂ g[ica_caffc
_gkh[câcadhrXa_hc[Xeeflc]ocj]̀�h̀[câdcka_h̀gaf[Ýcâdc_]ceh̀o]̀kc_ihc�]̀�cĝcâch�ehdg_g]X[câdch\]̂]kg\afckâ ĥ̀c
\]̂[g[_ĥ_cjg_ic_ihc�ĵ h̀v[cĝ_h̀h[_[qc}ihc�ĵ h̀cam̀hh[c_]coX̀̂ g[icâdcaeè]phbcĝcac_gkhflckâ ĥ̀bcĝo]̀ka_g]̂c
h̀rXg̀hdcYlc_ihc~]̂_̀a\_]̀câdc_]cka�hcealkĥ_[c_]c_ihc~]̂_̀a\_]̀cĝca\\]̀dâ\hcjg_ic_ihc̀hrXg̀hkĥ_[c]oc_ihc
~]̂_̀a\_c�]\Xkĥ_[q
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XYZ[\\]̂__̀àbĉd]_ef̀c̀àbcg

hZ[\\[\ijklimnoplqjirijstimuvwtxyiz{iystiyvy|}ixv~{yu�xyzv~iv�i�szxsiysti�vu�i�tu�vu�t�i�~�tuiystiqv~yu|xyi
�vx��t~y{i�|�i�tiysti�sv}tivui|i�|uyi|~�i�szxsi�|�iz~x}��tixv~{yu�xyzv~i��iystio�~tuivui��i{t�|u|ytixv~yu|xyvu{i
|~�i|{i�|�i�ti�t�z~t�iz~i�txyzv~i��������i��i���

hZ[\\[�ijklimnoplqji������irijstimuvwtxyi�|~�|}iz{i|i�v}��ti|{{t��}t�i�vuiysti�vu�i�szxsi�|�iz~x}��tiysti
�z��z~�iut��zut�t~y{�i{|��}ti�vu�{�iqv~�zyzv~{iv�iystiqv~yu|xyi|~�i��txz�zx|yzv~{�

hZ[\\[�i���l�����iii�ixs|~�tiyviystiqv~yu|xyi�vx��t~y{iz{{�t�i��i�uxszytxyi�zysio�~tu�{i|��uv�|}i�uzvuiyviysti
t�tx�yzv~iv�iysti��utt�t~yi|~�i{�txz�zx|}}�i}z{yt�iz~iysti��utt�t~y�

hZ[\\[�i��jln��jl�i�i�|uz|yzv~iz~iqv~yu|xyiut��zut�t~y{iv~i�szxsi|i{t�|u|yti�uzxtiz{iyvi�tiutxtz�t�i��iystio�~tui
|{i|i�|uyiv�iysti�z��i��iysti�}ytu~|ytiz{i|xxt�yt�iz~i�uzyz~�i��iystio�~tu�iysti�|uz|yzv~iz{iyst~i|i�|uyiv�iystiqv~yu|xyi|~�i
ysti|�v�~yiv�i�v~t�i��vyt�iyvi�ti|��t�ivui�t��xyt�i�uv�iysti�|{ti�z�iz{iy|�t~iz~yvi|xxv�~yiz~i�tytu�z~z~�iysti
qv~yu|xyi����

hZ[\\[ imno¡��l�ijstijtu�i¢�uv�z�t¢i{s|}}i�t|~i��u~z{si|~�iz~{y|}}ixv��}tyti|~�iut|��i�vui{|�ti|~�iut��}|ui�{ti
|~��vuiv�tu|yzv~iv�iystizyt��i�|ytuz|}ivui{tu�zxtiz~�zx|yt��

hZ[\\[£i����q�jl�i���i�ko���i�s|}}i�t|~i|{i�ty|z}t��i{xst��}t��ivuix|}}t�i�vuiz~iystiqv~yu|xyi�vx��t~y{�

hZ[\\[Zi����lj����iii��}}tyz~{i|uti�uzyyt~ivui�u|�szxiz~{yu��t~y{iz{{�t�i��iysti�uxszytxyi|�ytuiystit�tx�yzv~iv�iysti
qv~yu|xyi�szxsi�v�z��ivuiz~ytu�utyiysti�z��z~�i�vx��t~y{�iz~x}��z~�iysti�u|�z~�{i|~�i��txz�zx|yzv~{�i��i|��zyzv~{�i
�t}tyzv~{�ix}|uz�zx|yzv~{ivuixvuutxyzv~{�

hZ[\\[¤ijstiytu�{i¢¥�o��l�¦l�¢i¢nlqo¦��§l¢i|~�i¢���qo¡ln¢�iystzuiut{�txyz�ti�tuz�|yz�t{i|~�i{z�z}|ui
ytu�{iz~iystiqv~yu|xyi�vx��t~y{�i|{i�{t�iz~iut�tut~xtiyviystiqv~yu|xyvu�i{s|}}i�tiz~ytu�utyt�iyvi�t|~iys|yi�szxsiysti
qv~yu|xyvui�~v�{ïvui{sv�}�i�~v�©�iutxv�~zªt{ïvui{sv�}�iutxv�~zªt©i|~�i�z{xv�tu{ïvui{sv�}�i�z{xv�tu©iz~it�tuxz{z~�i
ystix|ut�i{�z}}�i|~�i�z}z�t~xtiut��zut�i��iystiqv~yu|xyi�vx��t~y{�i�~|}v�v�{}��iystit��ut{{zv~i¢ut|{v~|�}�iz~�tu|�}t¢i
|~�i{z�z}|uiytu�{iz~iystiqv~yu|xyi�vx��t~y{i{s|}}i�tiz~ytu�utyt�iyvi�t|~iut|{v~|�}�iz~�tu|�}ti��i|ixv~yu|xyvui�|�z}z|ui
�zysiystimuvwtxyi|~�it�tuxz{z~�iystix|ut�i{�z}}i|~�i�z}z�t~xtiut��zut�iv�iystiqv~yu|xyvui��iystiqv~yu|xyi�vx��t~y{�

h]Z[\\[«ijsti�su|{ti¢mln���jl�j�¬i����¢i|~�ivystui{z�z}|uit��ut{{zv~{�i|{i�{t�iz~iut�tut~xtiyviystiqv~yu|xyvu�i
{s|}}i�tiz~ytu�utyt�iyvi�t|~i|~�ixv��z~|yzv~iv�i|xy{i|~�iv�z{{zv~{�i�szxsix|�{t{iystio�~tuivui�uxszytxyiyvi
ut|{v~|�}�ixv~x}��tiys|yiystiqv~yu|xyvui�z}}i~vyixv��}tytiysti�vu�i�zysz~iystiqv~yu|xyijz�t�i�vuiystiqv~yu|xyi���ivui
z~i{��{y|~yz|}ixv��}z|~xti�zysiystiut��zut�t~y{iv�iystiqv~yu|xyi�vx��t~y{�

h]Z[\\[\®iri�stut�tuiut��zut�i��iystixv~yt�y�i|~�i�t~�tui{s|}}iz~x}��tiystivystui�t~�tu�iysti{z~��}|ui{s|}}iz~x}��tiysti
�}�u|}�i|~�iysti�}�u|}i{s|}}iz~x}��tiysti{z~��}|u�il|xsi�t�z~t�iytu�istutz~i�|�i�ti�{t�iz~izy{i{z~��}|uivui�}�u|}i�vu�i
�stystuivui~vyi{vi�t�z~t��

h]Z[\�iqo���l�j����j¬�m����qiqo�����q�j�o��i���i��li���i���q�o��nlioimnoplqji
��on��j�o�

�~�i���}zxixv���~zx|yzv~{ivui�z{x}v{�utiv�i�|ytuz|}{ivuiz~�vu�|yzv~i�zysiut{�txyiyviystimuvwtxyi��iystiqv~yu|xyvui|~�i
ystzuit��}v�tt{i|~�i���xv~yu|xyvu{iut}|yt�iyviysz{it~�|�t�t~y�it�xt�yi|{iut��zut�i��i}|��i{s|}}i�ti{��wtxyiyviysti
o�~tu�{i�uzvui�uzyyt~i|��uv�|}�iz~x}��z~��i�zysv�yi}z�zy|yzv~�i|~�i�uv�vyzv~|}�i�|u�tyz~��i�t�z|ivuivystui�|ytuz|}ivui
z~�vu�|yzv~iut}|yt�iyviystio�~tuivuiystimuvwtxy�ijstiqv~yu|xyvui|~�izy{it��}v�tt{i|~�i���xv~yu|xyvu{istut��i|�utt{iyvi
z~�t�~z��i|~�isv}�iystio�~tuis|u�}t{{i�uv�i|~�i|�|z~{yi|~�ixv{y�i�|�|�t�i}z|�z}zy��i}v{{ivuix}|z�i|uz{z~�i�uv�i
�zv}|yzv~iv�iysti�vut�vz~��ijstiqv~yu|xyvui{s|}}i{�txz�zx|}}�ix|�{ti|}}i���xv~yu|xyvu{ivui|~�ivystui�tu{v~{i�vuit~yzyzt{i
�tu�vu�z~�i|~�i{tu�zxt{�ivui��u~z{sz~�i|~�i�|ytuz|}{ivuit��z��t~y�i�vuiysti�vu�iyvi�|uu|~yi|~�iut�ut{t~yi|}}izyt�{i{tyi
�vuysiz~iysz{im|u|�u|�s�ijstiut�ut{t~y|yzv~i|~�i�|uu|~y�ixv~y|z~t�iz~iysz{im|u|�u|�si{s|}}i{�u�z�tiystixv��}tyti
�tu�vu�|~xtiv�iysti�vu�ivuit|u}ztuiytu�z~|yzv~iv�iysz{i��utt�t~y�
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XYZ[\]̂_̀abcdêcd̂abf̂g̀dahijâk̀jlmfdan̂nbioôhfocfpf̂idq̂g̀dahijàĥrh̀m̂j̀msocidjf̂tcab̂idq̂naialàhq̂
hfulchfmfdav̂cdjolwcdêab̀nf̂j̀daicdfŵcd̂_ft̂x̀hŷzaiaf̂{wljiac̀d̂|it̂}~��~�

�������Y�YYY�����
XY�[\Y�����������Y���Y��������Y��������Y��Y���Y�����
XY�[\[\̂�hc̀ĥà̂j̀mmfdjfmfdầr̂abf̂  h̀yv̂iâabf̂thcaafd̂hfulfnâ¡q̂abf̂g̀dahijàhv̂abf̂¢tdfĥnbioôrlhdcnb̂à̂abf̂
g̀dahijàĥhfiǹdi¡of̂fpcwfdjf̂abiâabf̂¢tdfĥbin̂miwf̂rcdidjciôihhidefmfdan̂à̂rlorcoôabf̂¢tdfh£n̂̀¡oceiac̀dn̂
ldwfĥabf̂g̀dahija�̂¤bf̂g̀dahijàĥnbioôbipf̂d̀^̀¡oceiac̀d̂à̂j̀mmfdjf̂abf̂  h̀ŷldacôabf̂¢tdfĥsh̀pcwfn̂nljb̂
fpcwfdjf�̂¥r̂j̀mmfdjfmfdầr̂abf̂  h̀ŷcn̂wfoiqfŵldwfĥabcn̂zfjac̀d̂�����v̂abf̂g̀dahijâ¤cmf̂nbioô¡f̂f¦afdwfŵ
issh̀shciafoq�

XY�[\[§̂¤bf̂¢tdfĥnbioôrlhdcnb̂ioôdfjfnnihq̂nlhpfqn̂idŵîofeiôwfnjhcsac̀d̂̀ r̂abf̂ncaf�

XY�[\[]̂¤bf̂g̀dahijàĥnbioô¡f̂fdacaofŵà̂hfoq̂̀ d̂abf̂ijjlhijq̂̀ r̂cdr̀hmiac̀d̂rlhdcnbfŵ¡q̂abf̂¢tdfĥ¡lânbioô
f¦fhjcnf̂sh̀sfĥshfjilac̀dn̂hfoiacdêà̂abf̂nirf̂sfhr̀hmidjf̂̀ r̂abf̂  h̀y�

XY�[\[̈̂{¦jfsâr̀ĥsfhmcan̂idŵrffn̂abiâihf̂abf̂hfns̀dnc¡cocaq̂̀ r̂abf̂g̀dahijàĥldwfĥabf̂g̀dahijâk̀jlmfdanv̂
cdjolwcdêab̀nf̂hfulchfŵldwfĥzfjac̀d̂©�ª��v̂abf̂¢tdfĥnbioônfjlhf̂idŵsiq̂r̀ĥ̀abfĥdfjfnnihq̂issh̀pionv̂
finfmfdanv̂innfnnmfdanv̂idŵjbihefn̂hfulchfŵr̀ĥabf̂j̀dnahljac̀dv̂lnfv̂̀ĥ̀jjlsidjq̂̀ r̂sfhmidfdânahljalhfn̂̀ĥr̀ĥ
sfhmidfdâjbidefn̂cd̂f¦cnacdêrijcocacfn�

XY�[§Y�����«�Y��¬��Y��Y���Y���Y���®
¥r̂abf̂g̀dahijàĥricon̂à̂j̀hhfjâ  h̀ŷtbcjb̂cn̂d̀âcd̂ijj̀hwidjf̂tcab̂abf̂hfulchfmfdan̂̀r̂abf̂g̀dahijâk̀jlmfdanv̂̀ĥ
hfsfiafwoq̂ricon̂à̂jihhq̂̀ lâabf̂  h̀ŷcd̂ijj̀hwidjf̂tcab̂abf̂g̀dahijâk̀jlmfdanv̂v̂̀ĥricon̂̀ĥhfrlnfn̂à̂sh̀pcwf̂î
nlrrcjcfdâim̀ ldầr̂sh̀sfhoq̂nlsfhpcnfŵidŵj̀ h̀wcdiafŵoi¡̀hv̂miafhcionv̂̀ĥfulcsmfdâǹîn̂à̂sfhmcâabf̂¢tdfĥà̂
hfiǹdi¡oq̂cdrfĥabiâabf̂g̀dahijàĥtcoôd̀â¡f̂i¡of̂à̂j̀msofaf̂abf̂  h̀ŷtcabcd̂abf̂g̀dahijâ¤cmf̂̀ĥricon̂à̂hfm̀ pfv̂
¡̀dŵ̀ ĥwcnjbihef̂̄tcabcd̂abchaq̂̄~°±̂wiqn̂irafĥijaliôd̀acjf̂̀ ĥd̀acjf̂slhnlidâbfhfà̂rh̀m̂abf̂¢tdfĥ̀ĥabf̂
²hjbcafja±̂idq̂ocfd̂rcofŵls̀d̂¢tdfh£n̂sh̀sfhaq̂¡q̂idq̀df̂joicmcdê¡qv̂abh̀lebv̂̀ĥldwfĥg̀dahijàhv̂̀ĥwcnhfeihwn̂
abf̂cdnahljac̀dn̂̀r̂²hjbcafjầĥ¢tdfĥtbfd̂¡infŵls̀d̂abf̂hfulchfmfdan̂̀r̂abf̂g̀dahijâk̀jlmfdanv̂abf̂¢tdfĥmiq̂
cnnlf̂îthcaafd̂̀ hwfĥà̂abf̂g̀dahijàĥà̂nàŝabf̂  h̀yv̂̀ĥidq̂s̀hac̀d̂abfhf̀rv̂ldacôabf̂jilnf̂r̀ĥnljb̂̀ hwfĥcn̂
focmcdiafw³̂b̀tfpfhv̂abf̂hcebầr̂abf̂¢tdfĥà̂nàŝabf̂  h̀ŷnbioôd̀âecpf̂hcnf̂à̂îwlaq̂̀ d̂abf̂sihầr̂abf̂¢tdfĥà̂
f¦fhjcnf̂abcn̂hcebâr̀ĥabf̂¡fdfrcầr̂abf̂g̀dahijàĥ̀ĥidq̂̀ abfĥsfhǹd̂̀ ĥfdacaq�

XY�[]Y�����«�Y��¬��Y��Y����́Y���Y���Y���®

¥r̂abf̂g̀dahijàĥwfriloan̂̀ĥ̀abfhtcnf̂dfeofjan̂à̂jihhq̂̀lâabf̂  h̀ŷcd̂ijj̀hwidjf̂tcab̂abf̂g̀dahijâk̀jlmfdan̂idŵ
ricon̂tcabcd̂îabhff̂̄~±̂wiq̂sfhc̀ŵirafĥabf̂frrfjacpf̂wiaf̂̀ r̂d̀acjf̂rh̀m̂abf̂¢tdfĥà̂j̀mmfdjf̂à̂j̀hhfjâidŵ
abfhfirafĥwcocefdaoq̂j̀dacdlf̂à̂j̀hhfjânljb̂wfriloan̂̀ĥà̂ àbfhtcnf̂sh̀sfhoq̂jihhq̂̀ lânljb̂  h̀yv̂abf̂¢tdfĥmiq̂
ecpf̂înfj̀dŵd̀acjf̂idwv̂cd̂abf̂fpfdâabiâtcabcd̂abhff̂̄~±̂wiqn̂r̀oòtcdêabf̂frrfjacpf̂wiaf̂̀ r̂nljb̂nfj̀dŵd̀acjf̂abf̂
g̀dahijàĥj̀dacdlfn̂à̂ricôà̂j̀mmfdjf̂à̂j̀hhfjâidŵabfhfirafĥwcocefdaoq̂j̀dacdlf̂à̂j̀hhfjânljb̂wfriloan̂̀ĥà̂
àbfhtcnf̂sh̀sfhoq̂jihhq̂̀ lânljb̂  h̀yv̂abf̂¢tdfhv̂tcab̀lâshfµlwcjf̂à̂ àbfĥhfmfwcfn̂abf̂¢tdfĥmiq̂bipfv̂miq̂
j̀hhfjânljb̂wfriloan̂idŵjihhq̂̀ lânljb̂  h̀y�

¥d̂nljb̂jinf̂id̂issh̀shciaf̂gbidef̂¢hwfĥnbioô¡f̂cnnlfŵwfwljacdêrh̀m̂siqmfdan̂abfd̂̀ ĥabfhfirafĥwlf̂abf̂
g̀dahijàĥabf̂j̀nầr̂j̀hhfjacdênljb̂wfrcjcfdjcfnv̂cdjolwcdêj̀msfdniac̀d̂̀ r̂abf̂²hjbcafjav̂idŵnljb̂g̀dnloaidan̂
tb̀nf̂sihacjcsiac̀d̂cn̂wffmfŵdfjfnnihq̂¡q̂abf̂¢tdfĥ̀ĥ²hjbcafjav̂r̀ĥiwwcac̀diônfhpcjfn̂idŵf¦sfdnfn̂miwf̂
dfjfnnihq̂¡q̂nljb̂wfriloav̂dfeofjầĥricolhf�
¥r̂siqmfdan̂abfd̂̀ ĥabfhfirafĥwlf̂abf̂g̀dahijàĥihf̂d̀ânlrrcjcfdâà̂j̀pfĥnljb̂im̀ ldanv̂abf̂g̀dahijàĥnbioôsiq̂abf̂
wcrrfhfdjf̂à̂abf̂¢tdfh�

�[̈Y�����«�Y��¶·�Y��Y�̧¹��
¤bf̂g̀dahijàĥnbioôyffŝrloôidŵijjlhiaf̂hfj̀hwn̂̀r̂ioôj̀nan̂cdjlhhfŵidŵcafmn̂¡coofŵcd̂j̀ddfjac̀d̂tcab̂abf̂
sfhr̀hmidjf̂̀ r̂abf̂  h̀yv̂tbcjb̂hfj̀hwn̂nbioô¡f̂̀sfd̂à̂ilwcâ¡q̂abf̂¢tdfĥ̀ĥcan̂ilab̀hcºfŵhfshfnfdaiacpfn̂wlhcdê
sfhr̀hmidjf̂̀ r̂abf̂  h̀ŷidŵldacôabhff̂̄~±̂qfihn̂irafĥ»cdiô�iqmfda�̂¥d̂iwwcac̀dv̂abf̂g̀dahijàĥnbioômiyf̂câî
j̀dwcac̀d̂̀ r̂ioônl¡j̀dahijan̂hfoiacdêà̂abf̂  h̀ŷabiâidq̂idŵioôzl¡j̀dahijàhn̂tcoôyffŝijjlhiaf̂hfj̀hwn̂̀r̂j̀nan̂
cdjlhhfŵidŵcafmn̂¡coofŵcd̂j̀ddfjac̀d̂tcab̂abfcĥt̀hŷidŵabiânljb̂hfj̀hwn̂nbioô¡f̂̀sfd̂à̂ilwcâ¡q̂abf̂¢tdfĥ̀ĥcan̂
ilab̀hcºfŵhfshfnfdaiacpfn̂wlhcdêsfhr̀hmidjf̂̀ r̂abf̂  h̀ŷidŵldacôabhff̂̄~±̂qfihn̂irafĥcan̂j̀msofac̀d�
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WXYZ[X\]̂\_̂X̀aX̀b_\cdXcefĝdXh_iXc\dj̀_dekelêe\d
mnopqrsntuputvtowprxptnrupyqtrz{op|pvxwpo{uo}noqoprxptnop~�xtqvztp��z��oxtupvqopz���{vtr�opvxwpx�tprxp{r�rtvtr�xp��pvx�p
qrsntup��ptnop�}xoqp���psqvxtowprxptnop~�xtqvztp��z��oxtu�p���pvtp{v}p�qp���prxpo��rt��pp�xpx�po�oxtpunv{{ptnop�}xoqp
nv�opz�xtq�{p��oq�pznvqsop���p�qpvx�pqou��xur�r{rt�p��qpz�xutq�ztr�xp�ovxu�p�otn�wu�ptoznxr��ou�puo��oxzoup�qp
�q�zow�qoup�qp��qpuv�ot�p�qozv�tr�xupvxwp�q�sqv�uprxpz�xxoztr�xp}rtnptnop��q��px�t}rtnutvxwrxspvx�p��ptnopqrsntupvxwp
v�tn�qrt�psqvxtowptnop�}xoqprxptnop~�xtqvztp��z��oxtu

hĉe�l\X�XXX�̀ _̂ch�̂ c̀
WX�Z�Xc�����X��X����� ¡�Xi�¡¢£���¤X �¥Xa��¦¥X���¥�����¤X§̈X����� ¡���
WX�Z�Z�p©ªoz�tr�xp��ptnop~�xtqvztp��ptnop~�xtqvzt�qprupvpqo�qouoxtvtr�xptnvtptnop~�xtqvzt�qpnvup�rurtowptnopurto�p�oz��op
soxoqv{{�p�v�r{rvqp}rtnp{�zv{pz�xwrtr�xup�xwoqp}nrznptnop��q�prupt�p�op�oq��q�owpvxwpz�qqo{vtowp�oqu�xv{p��uoq�vtr�xup
}rtnpqo��rqo�oxtup��ptnop~�xtqvztp��z��oxtu�

mnop~�xtqvzt�qpvxwpovznp«��z�xtqvzt�qpunv{{po�v{�vtopvxwpuvtru��ptno�uo{�oupvupt�ptnopz�xwrtr�xupvxwp{r�rtvtr�xup�xwoqp
}nrznptnop��q�prupt�p�op�oq��q�ow�prxz{�wrxs�p}rtn��tp{r�rtvtr�xp���ptnop{�zvtr�x�pz�xwrtr�x�p{v���tpvxwpxvt�qop��ptnop
¬q�oztpurtopvxwpu�qq��xwrxspvqovu®p���psoxoqv{{�p�qo�vr{rxspz{r�vtrzpz�xwrtr�xu�p���pvxtrzr�vtowp{v��qpu���{�pvxwpz�utu�p
�̄�pv�vr{v�r{rt�pvxwpz�utp��p�vtoqrv{u�pt��{upvxwpo��r��oxtpvxwp�°�p�tnoqpur�r{vqpruu�ou�pmnop�}xoqpvuu��oupx�p
qou��xur�r{rt�p�qp{rv�r{rt�p��qptnop�n�urzv{pz�xwrtr�xp�qpuv�ot�p��ptnop¬q�oztpurtop�qpvx�p�tnoqpr��q��o�oxtup{�zvtowp�xp
tnop¬q�oztpurto�p©ªzo�tpvupuotp��qtnprxpyqtrz{op�±�ptnop~�xtqvzt�qpunv{{p�opu�{o{�pqou��xur�{op��qp�q��rwrxspvpuv�op�{vzop
��qptnop�oq��q�vxzop��ptnop��q��pmnop�}xoqpunv{{px�tp�opqo��rqowpt�p�v�opvx�pvw�ut�oxtprxportnoqptnop~�xtqvztp«��p
�qp~�xtqvztpmr�oprxpz�xxoztr�xp}rtnpvx�p�vr{�qop��ptnop~�xtqvzt�qp�qpvx�p«��z�xtqvzt�qpt�pz���{�p}rtnptnop
qo��rqo�oxtup��ptnrup�vqvsqv�np²�����

WX�Z�Z³ṕozv�uoptnop~�xtqvztp��z��oxtupvqopz���{o�oxtvq��ptnop~�xtqvzt�qpunv{{�p�o��qoputvqtrxspovznp��qtr�xp��ptnop
��q��pzvqo��{{�put�w�pvxwpz���vqoptnop�vqr��up~�xtqvztp��z��oxtupqo{vtr�opt�ptnvtp��qtr�xp��ptnop��q��pvup}o{{pvuptnop
rx��q�vtr�xp��qxrunowp��ptnop�}xoqp��qu�vxtpt�p«oztr�xp|�����punv{{ptv�op�ro{wp�ovu�qo�oxtup��pvx�poªrutrxsp
z�xwrtr�xupqo{vtowpt�ptnvtp��qtr�xp��ptnop��q�pvxwpunv{{p��uoq�opvx�pz�xwrtr�xupvtptnopurtopv��oztrxsprt�pmnouop��{rsvtr�xup
vqop��qptnop��q��uop��p�vzr{rtvtrxspz��qwrxvtr�xpvxwpz�xutq�ztr�xp��ptnop~�xtqvzt�qpvxwpvqopx�tp��qptnop��q��uop��p
wruz��oqrxspoqq�qu�p��ruur�xu�p�qprxz�xurutoxzrouprxptnop~�xtqvztp��z��oxtu®pn�}o�oq�ptnop~�xtqvzt�qpunv{{p�q���t{�p
qo��qtpt�ptnopyqznrtoztpvx�poqq�qu�prxz�xurutoxzrou�p�qp��ruur�xupwruz��oqowp��p�qp�vwop�x�}xpt�ptnop~�xtqvzt�qpvupvp
qo��outp��qprx��q�vtr�xprxpu�znp��q�pvuptnopyqznrtoztp�v�pqo��rqo�p�tprupqoz�sxrµowptnvtptnop~�xtqvzt�q¶upqo�ro}prup�vwop
rxptnop~�xtqvzt�q¶upzv�vzrt�pvupvpz�xtqvzt�qpvxwpx�tpvupvp{rzoxuowpwoursxp�q��ouur�xv{p�x{ouup�tnoq}ruopu�ozr�rzv{{�p
�q��rwowprxptnop~�xtqvztp��z��oxtu�

WX�Z�Z·pmnop~�xtqvzt�qprupx�tpqo��rqowpt�pvuzoqtvrxptnvtptnop~�xtqvztp��z��oxtupvqoprxpvzz�qwvxzop}rtnpv��{rzv�{op{v}u�p
utvt�tou�p�qwrxvxzou�pz�wou�pq�{oupvxwpqos�{vtr�xu�p�qp{v}��{p�qwoqup��p���{rzpv�tn�qrtrou�p��tptnop~�xtqvzt�qpunv{{p
�q���t{�pqo��qtpt�ptnopyqznrtoztpvx�px�xz�x��q�rt�pwruz��oqowp��p�qp�vwop�x�}xpt�ptnop~�xtqvzt�qpvupvpqo��outp��qp
rx��q�vtr�xprxpu�znp��q�pvuptnopyqznrtoztp�v�pqo��rqo�

WX�Z³Xd¢̧����¤���X �¥X���¤��¢¡����Xj��¡�¥¢��¤
WX�Z³Z�pmnop~�xtqvzt�qpunv{{pu��oq�ruopvxwpwrqoztptnop��q��p�urxsptnop~�xtqvzt�q¶up�outpu�r{{pvxwpvttoxtr�x�pmnop
~�xtqvzt�qpunv{{p�opu�{o{�pqou��xur�{op��qpvxwpnv�opz�xtq�{p��oqpz�xutq�ztr�xp�ovxu�p�otn�wu�ptoznxr��ou�puo��oxzou�p
vxwp�q�zow�qou�pvxwp��qpz��qwrxvtrxspv{{p��qtr�xup��ptnop��q�p�xwoqptnop~�xtqvzt�p�x{ouuptnop~�xtqvztp��z��oxtupsr�op
�tnoqpu�ozr�rzprxutq�ztr�xupz�xzoqxrxsptnouop�vttoqu�p

mnop~�xtqvzt�qpunv{{po��{��pvpz���otoxtp��{{¹tr�op�q�oztpu��oqrxtoxwoxtpvxwpu�znpxozouuvq�pvuurutvxtup}n�punv{{p�op
rxpvttoxwvxzopvtptnop¬q�oztpurto�pw�qrxsptnop�q�sqouup��ptnop��q�pt�p�q��rwop��qptnopoª�owrtr��upz���{otr�xp��ptnop
��q�®

mnopu��oqrxtoxwoxtpunv{{pqo�qouoxtptnop~�xtqvzt�q�pvxwpz����xrzvtr�xupsr�oxpt�ptnopu��oqrxtoxwoxtpunv{{p�opvup�rxwrxsp
vupr�psr�oxpt�ptnop~�xtqvzt�q�p����qtvxtpz����xrzvtr�xupunv{{p�opz�x�rq�owprxp}qrtrxs�p�tnoqpz����xrzvtr�xupunv{{p�op
ur�r{vq{�pz�x�rq�owp�xp}qrttoxpqo��outprxpovznpzvuo�

º�qtnoq�ptnopu��oqrxtoxwoxtpunv{{px�tp�opznvxsowpoªzo�tp}rtnptnopz�xuoxtp��ptnop�}xoqp�qpyqznrtozt�p}nrznpz�xuoxtp
unv{{px�tp�op�xqovu�xv�{�pwoxrowp�qpwo{v�ow�p�x{ouuptnopu��oqrxtoxwoxt�p�qpu�znpvuurutvxtp�qpvuurutvxtu�p�q��oupt�p�op



�����

�

�����	
��������������������	�������������������������� !"#$%$&'()*$&'+&*$&'+,*$&')&*$&')(*$&'))*$&'-.*$&'-/*$&'-,*$&',-*$&''-*$0..-$123$0.&-$4�$5"6$
786� 912$:2;# #<#6$�=$7�9" #69#;>$7??$� !"#;$�6;6�@63>�5"6$A786� 912$:2;# #<#6$�=$7�9" #69#;*B$A7:7*B$#"6$7:7$C�!�*$123$A7:7$��2#�19#$D�9<862#;B$1�6$�6! ;#6�63$
#�13681�E;$123$81�$2�#$46$<;63$F #"�<#$�6�8 ;; �2>$5" ;$3�9<862#$F1;$���3<963$4�$7:7$;�=#F1�6$1#$&-G+,G/)$H5$�2$&&I.&I0.00$<236�$J�36�$K�>0&&/0,/,(+$
F" 9"$6L� �6;$�2$.0I&/I0.0(*$ ;$2�#$=��$�6;1?6*$ ;$? 962;63$=��$�26M# 86$<;6$�2?�*$123$81�$�2?�$46$<;63$ 2$199��31296$F #"$#"6$7:7$��2#�19#$D�9<862#;N$56�8;$�=$
O6�@ 96>$5�$�6���#$9���� !"#$@ �?1# �2;*$6M81 ?$9���� !"#P1 1>��!>
QR��S	�RT$ U&''''0+&&/V

��

WXYZ[\Y]Ẑ[_̀ab[_b[cdb\Xe\f\eWZgbh_X[̀Ẑ[_̀bZXeb̂dZYdYb[_bidb\bbbc\Ybdjkg_albc_mdfd̀b[cdbYWkd̀\X[dXedX[bYcZggbidb
ĉZXndebWk_Xb̀doWdY[b_]b[cdbpmXd̀qb]_̀bn__eb̂ZWYdbYc_mXr

scd̀db[cdbh_X[̀Ẑ[bt_̂WjdX[Yb̀d]d̀b[_bkZ̀[\̂WgZ̀b̂_XY[̀Ŵ[\_XbjdZXYqbjd[c_eYqb[d̂cX\oWdYqbYdoWdX̂dYb_̀
k̀_̂deẀdYb_̀b\Xe\̂Z[db_̀b\jkgab[cZ[bYŴcbZ̀db[_bidbWYdeb\Xb[cdbs_̀uqbYŴcb̀d]d̀dX̂db\Yb\X[dXedeb_Xgab[_b\Xe\̂Z[db[cZ[b[cdb
_kd̀Z[\_XYb_]b[cdbh_X[̀Ẑ[_̀bYcZggbidbYŴcbZYb[_bk̀_eŴdbZ[bgdZY[b[cdboWZg\[ab_]bm_̀ub\jkg\debiab[cdb_kd̀Z[\_XYb
edŶ̀\ideqbiW[b[cdbẐ[WZgbed[d̀j\XZ[\_Xb_]bmcd[cd̀b_̀bX_[b[cdbedŶ̀\ideb_kd̀Z[\_XYbjZabidbYZ]dgabZXebYW\[Zigab
djkg_adeb_Xb[cdbs_̀ubYcZggbidb[cdbY_gdb̀dYk_XY\i\g\[ab_]b[cdbh_X[̀Ẑ[_̀r

vwxyzy{y{b|cdbh_X[̀Ẑ[_̀bYcZggqbk̀\_̀b[_bY[Z̀[b_]bZXabk_̀[\_Xb_]b[cdbs_̀u}
~� d̀f\dmbZXabYkd̂\]\deb̂_XY[̀Ŵ[\_Xb_̀b\XY[ZggZ[\_Xbk̀_̂deẀdYqb\X̂gWe\Xnb[c_YdbZYbjZabidb

d̀̂_jjdXedebiab[cdbk̀_k_YdebjZXW]Ẑ[Ẁd̀�Y�l
~� Zef\Ydb[cdb�̀ ĉ\[d̂[qb\Xbm̀\[\Xnb\]b[cdbYkd̂\]\debk̀_̂deẀdb_̀bk̀_̂deẀdYbedf\Z[db]̀_jbn__eb

_̂XY[̀Ŵ[\_Xbk̀Ẑ[\̂dl
~� Zef\Ydb[cdb�̀ ĉ\[d̂[qb\Xbm̀\[\Xnb\]b]_gg_m\XnbYZ\ebk̀_̂deẀdb_̀bk̀_̂deẀdYbm\ggbZ]]d̂[bZXabmZ̀̀ZX[aqb

\X̂gWe\Xnbh_X[̀Ẑ[_̀�YbndXd̀ZgbmZ̀̀ZX[al
~� Zef\Ydb[cdb�̀ ĉ\[d̂[qb\Xbm̀\[\Xnb_]bZXab_i�d̂[\_XYb[cdbh_X[̀Ẑ[_̀bjZabcZfdb[_b[cdbYkd̂\]\debk̀_̂deẀdb

_̀bk̀_̂deẀdYl
~� k̀_k_Ydb[_b[cdb�̀ ĉ\[d̂[qb\Xbm̀\[\XnbZXabZg[d̀XZ[\fdbk̀_̂deẀdb_̀bk̀_̂deẀdYbmc\̂cb[cdbh_X[̀Ẑ[_̀b

m\ggbmZ̀̀ZX[r

vw�~�~�~�b�b�Ẁ[cd̀qbZggbg_YYqbeZjZndqb_̀bg\Zi\g\[aqb_̀b̂_Y[b_]b̂_̀̀ d̂[\Xnbed]d̂[\fdbm_̀ubWXgdYYqb\Xb̂_jkg\ZX̂dbm\[cb
�Z̀ZǹZkcb�r�r�qbh_X[̀Ẑ[_̀bn\fdYb[\jdgabm̀\[[dXbX_[\̂db[_b[cdbpmXd̀bZXeb�̀ ĉ\[d̂[b[cZ[bYŴcbjdZXYqbbjd[c_eYqb
[d̂cX\oWdYqbYdoWdX̂dYb_̀bk̀_̂deẀdYbjZabX_[bidbYZ]dqbZ̀\Y\Xnb]̀_jb[cdbdjkg_ajdX[b_]bZXab̂_XY[̀Ŵ[\_XbjdZXYqb
jd[c_eYqb[d̂cX\oWdYqbYdoWdX̂dYb_̀bk̀_̂deẀdYbYcZggbidbi_̀Xdbiab[cdbh_X[̀Ẑ[_̀qbX_[m\[cY[ZXe\Xnb[cZ[bYŴcb
_̂XY[̀Ŵ[\_XbjdZXYqbjd[c_eYqb[d̂cX\oWdYqbYdoWdX̂dYb_̀bk̀_̂deẀdYbZ̀db̀d]d̀̀deb[_qb\Xe\̂Z[deb_̀b\jkg\debiab[cdb
h_X[̀Ẑ[bt_̂WjdX[Yr

vw�~�~�b|cdbh_X[̀Ẑ[_̀bYcZggbidb̀dYk_XY\igdb[_b[cdbpmXd̀b]_̀bẐ[YbZXeb_j\YY\_XYb_]b[cdbh_X[̀Ẑ[_̀�Ybdjkg_addYqb
�Wî_X[̀Ẑ[_̀YbZXeb[cd\̀bZndX[YbZXebdjkg_addYqbZXeb_[cd̀bkd̀Y_XYb_̀bdX[\[\dYbkd̀]_̀j\Xnbk_̀[\_XYb_]b[cdbs_̀ub]_̀b_̀b_Xb
idcZg]b_]b[cdbh_X[̀Ẑ[_̀b_̀bZXab_]b\[Yb�Wî_X[̀Ẑ[_̀Yrb

�[b\YbWXed̀Y[__ebZXebZǹddeb[cZ[b[cdb̀dgZ[\_XYc\kb_]bh_X[̀Ẑ[_̀b[_bpmXd̀bYcZggbidb[cZ[b_]bZXb\XedkdXedX[b̂_X[̀Ẑ[_̀rb
�_[c\Xnb̂_X[Z\Xdebcd̀d\Xb_̀b\X]d̀Zigdbcd̀db]̀_jbYcZggbidbeddjdeb_̀b̂_XY[̀Wdeb[_b���bjZudbh_X[̀Ẑ[_̀b[cdbZndX[qb
Yd̀fZX[qb_̀bdjkg_addb_]b[cdbpmXd̀qb_̀b���b̂̀dZ[dbZXabkZ̀[Xd̀Yc\kqb�_\X[bfdX[Ẁdqb_̀b_[cd̀bZYY_̂\Z[\_Xbid[mddXbpmXd̀b
ZXebh_X[̀Ẑ[_̀rb�Xabe\̀d̂[\_Xb_̀b\XY[̀Ŵ[\_XbiabpmXd̀b\Xb̀dYkd̂[b_]b[cdbs_̀ubYcZggb̀dgZ[db[_b[cdb̀dYWg[Yb[cdbpmXd̀b
edY\̀dYb[_b_i[Z\Xb]̀_jb[cdbs_̀ubZXebYcZggb\XbX_bmZabZ]]d̂[bh_X[̀Ẑ[_̀�Yb\XedkdXedX[b̂_X[̀Ẑ[_̀bY[Z[WYbZYbedŶ̀\ideb
cd̀d\Xr

vw�~�w�����w���w���������
vw�~�~�b XgdYYb_[cd̀m\Ydbk̀_f\edeb\Xb[cdbh_X[̀Ẑ[bt_̂WjdX[Yqb[cdbh_X[̀Ẑ[_̀bYcZggbk̀_f\edbZXebkZab]_̀bgZi_̀qb
jZ[d̀\ZgYqbdoW\kjdX[qb[__gYqb̂_XY[̀Ŵ[\_XbdoW\kjdX[bZXebjẐc\Xd̀aqbmZ[d̀qbcdZ[qbW[\g\[\dYqb[̀ZXYk_̀[Z[\_XqbZXeb_[cd̀b
]Ẑ\g\[\dYbZXebYd̀f\̂dYbXd̂dYYZ̀ab]_̀bk̀_kd̀bd¡d̂W[\_XbZXeb̂_jkgd[\_Xb_]b[cdbs_̀ubmcd[cd̀b[djk_̀Z̀ab_̀bkd̀jZXdX[b
ZXebmcd[cd̀b_̀bX_[b\X̂_̀k_̀Z[deb_̀b[_bidb\X̂_̀k_̀Z[deb\Xb[cdbs_̀ur

vw�~�~�b|cdbh_X[̀Ẑ[_̀bYcZggbdX]_̀̂ dbY[̀\̂[be\Ŷ\kg\XdbZXebn__eb_̀ed̀bZj_Xnb[cdbh_X[̀Ẑ[_̀�Ybdjkg_addYbZXeb_[cd̀b
kd̀Y_XYb̂Z̀̀a\Xnb_W[b[cdbs_̀urb|cdbh_X[̀Ẑ[_̀bYcZggbX_[bkd̀j\[bdjkg_ajdX[b_]bWX]\[bkd̀Y_XYb_̀bkd̀Y_XYbX_[bYu\ggdeb\Xb
[ZYuYbZYY\nXdeb[_b[cdjrb�c_WgebZXabe\Y_̀ed̀gaqb\X̂_jkd[dX[b_̀b_i�d̂[\_XZigdbkd̀Y_Xbidbc\̀deb_̀bdjkg_adebiab[cdb
h_X[̀Ẑ[_̀qbWk_Xb_̀bZi_W[b[cdbk̀dj\YdYb_]b[cdbpmXd̀qb]_̀bZXabkẀk_Ydb_̀b\XbZXab̂ZkẐ\[aqbcd¢YcdbYcZggqbWk_Xb̀doWdY[b_]b
[cdb�̀ ĉ\[d̂[b_̀bpmXd̀qbidb̀dj_fdeb]̀_jb[cdb�̀_�d̂[bZXebX_[bZnZ\XbZYY\nXdeb[cd̀d[_bm\[c_W[bm̀\[[dXbkd̀j\YY\_Xb_]b[cdb
�̀ ĉ\[d̂[b_̀bpmXd̀r
vw�~�~�b|cdbh_X[̀Ẑ[_̀bjZabjZudbZbYWiY[\[W[\_Xb_Xgabm\[cb[cdb̂_XYdX[b_]b[cdbpmXd̀qbZ][d̀bdfZgWZ[\_Xbiab[cdb�̀ ĉ\[d̂[b
ZXeb\XbẐ _̂̀eZX̂dbm\[cbZb£_e\]\̂Z[\_XbZXe¢_̀bhcZXndbp̀ed̀rb�WiY[\[W[\_Xb̀doWdY[YbYcZggbidbjZedb\XbẐ _̂̀eZX̂dbm\[cb
[cdb̀doW\̀djdX[Yb\Xb[cdbh_X[̀Ẑ[bt_̂WjdX[Yr
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WXYZ[X\]̂̂]_̀a
bcdefghijkligjemkjjkhineigeicdeomhdjekhpeqjlcridlieickieskidjrktnekhpeduvrwsdhiexvjhrncdpevhpdjeicdefghijkliemrtteyde
gxezggpeuvktri{ekhpehdmekhpegxejdldhieskhvxklivjdevhtdnneicdefghijklie|glvsdhinejduvrjdegjewdjsriegicdjmrnd}ebcde
fghijkligjexvjicdjemkjjkhineickieicde~gj�emrttelghxgjseigeicdejduvrjdsdhinegxeicdefghijklie|glvsdhinekhpemrtteydexjdde
xjgsepdxdlin�ed�ldwiexgjeicgnderhcdjdhierheicdeuvktri{egxeicde~gj�eicdefghijklie|glvsdhinejduvrjdegjewdjsri}e~gj��e
skidjrktn�egjeduvrwsdhiehgielghxgjsrhzeigeicdndejduvrjdsdhinesk{eydelghnrpdjdpepdxdlir�d}ebcdefghijkligj�nemkjjkhi{e
d�ltvpdnejdsdp{exgjepkskzdegjepdxdlielkvndpey{ekyvnd�ektidjkirghneigeicde~gj�ehgied�dlvidpey{eicdefghijkligj�e
rswjgwdjegjerhnvxxrlrdhieskrhidhkhld�erswjgwdjegwdjkirghegjehgjsktemdkjekhpeidkjevhpdjehgjsktevnkzd}eqttegicdje
mkjjkhirdnejduvrjdpey{eicdefghijklie|glvsdhinencktteydernnvdperheicdehksdegxeicdeomhdj�egjencktteydeijkhnxdjkytdeigeicde
omhdj�ekhpenckttelgssdhlderhekllgjpkhldemrice�dlirghe��}�}�}

WXYZ�X�]���
bcdefghijkligjenckttewk{enktdn�elghnvsdj�evnd�ekhpegicdjenrsrtkjeik�dneickiekjdetdzktt{edhklidpemcdheyrpnekjdejdldr�dpe
gjehdzgirkirghnelghltvpdp�emcdicdjegjehgie{diedxxdlir�degjesdjdt{enlcdpvtdpeigezgerhigedxxdli}

bcdeomhdj�eknerpdhirxrdpeghe�kzde�egxeq�qe����ernekehghwjgxri�edpvlkirghktexklrtri{ekhperneicdjdxgjde�ik��d�dswi�erhe
kllgjpkhldemriceicdekwwtrlkytdetkmnegxeicde�ikidegxe�dme�gj�ekhpemricefckwidje��egxeicde�hidjhkte�d�dhvdefgpd�ekne
sgniejdldhit{eksdhpdp�exgjelgttdlirghegxekttenktdnekhped�lrndeik�dn}e��dswirghefdjirxrlkidnemrtteydexvjhrncdp�evwghe
jduvdni�eigeicdefghijkligjey{eicdeomhdj}eght{exgjeskidjrktnekhpenvwwtrdneigeyderhlgjwgjkidperhige~gj�evhpdjeicdeidjsne
gxeicdefghijkli}eeebcdjdernehged�dswirghexjgseicdenktdnegjevndeik�eghelckjzdneigeicdefghijkligjegjenvylghijkligjexgje
tdkndegxeiggtn�esklcrhdj{�eduvrwsdhiegjegicdjewjgwdji{evndperhelgh�vhlirghemriceicde�jg�dli}eebcdefghijkligjnekhpe
nvylghijkligjnencktteydengtdt{ejdnwghnrytdexgjekhpewk{ekh{ekhpekttekwwtrlkytdeik�dn�erhltvprhzenktdnekhpelgswdhnkirhze
vndeik�dn�eghenvlcetdkndpeiggtn�esklcrhdj{�eduvrwsdhiegjegicdjewjgwdji{�ekhpexgjeskidjrktnehgierhlgjwgjkidperheicde
�jg�dli�ekhpeicdeksgvhiegxenvlceik�dn�erxekh{�encktteydepddsdperhltvpdperheicded�dlvidpe�knde�rp}

WXYZ�X��̂��̀��X ����X¡¢̀�£���X]_¤X¥¢�¦§�]_£�Ẍ�̀©Xª]̈�
WXYZ�Z«e¬htdnnegicdjmrndewjg�rpdperheicdefghijklie|glvsdhin�eicdefghijkligjenckttendlvjdekhpewk{exgjeicdeyvrtprhze
wdjsrieknemdtteknegicdjewdjsrin�exddn�etrldhndn�ekhperhnwdlirghney{ezg�djhsdhiekzdhlrdnehdldnnkj{exgjewjgwdjed�dlvirghe
khpelgswtdirghegxeicde~gj�eickiekjdelvnigskjrt{endlvjdpekxidjed�dlvirghegxeicdefghijkliekhpetdzktt{ejduvrjdpekieicde
irsdeyrpnekjdejdldr�dpegjehdzgirkirghnelghltvpdp}

bcdefghijkligj�erhendlvjrhzegicdjewdjsrinexgjelghnijvlirghegjekh{egicdjeknwdliegxeicde~gj�eknnglrkidpemriceicrnewjg�dlie
mcrlcejduvrjdnekewdjsri�ehgimricnikhprhzetkhzvkzderheicdeqzjddsdhi�enckttekierinegmhelgniekhped�wdhnd�esk�deicde
hdldnnkj{ekjjkhzdsdhineigelgswtdid�exrtdekhpeck�dendktdpey{eke�jgxdnnrghkte�hzrhddjetrldhndperheicde�vjrnprlirgh�ekh{e
khpekttewjdtrsrhkj{ekxxrpk�rinegxeldjirxrlkirgheickiesk{eydejduvrjdpey{eicdezg�djhrhzekzdhl{egjekzdhlrdneck�rhze
�vjrnprlirghexgjernnvrhzewdjsrinexgjelghnijvlirghexgjeicrnewjg�dliemcrlcekjdetdzktt{ejduvrjdpemcdheyrpnekjdejdldr�dpegje
hdzgirkirghnekjdelghltvpdp�eyvierhekh{elknd�ewjrgjeigenikjirhzelghnijvlirgh}

vjicdj�eicdefghijkligjencktt�erxejduvrjdpey{egjprhkhldn�etkmn�elgpdn�ekhpejvtdnekhpejdzvtkirghnegxeicdezg�djhrhze
kzdhlrdneck�rhze�vjrnprlirgheg�djeicrnewjg�dli�ejdikrheketrldhndpe�jgxdnnrghkte�hzrhddjeigenvwdj�rndeicdelghnijvlirghegxe
icrnewjg�dlierhltvprhz�eyviehgietrsridpeige�exgvhpkirghn�enijvlivjktemgj��engrtn�emdtprhz�ejdrhxgjldpesknghj{�e
xrjdwjggxrhz�exrjdnigwwrhzekhpeicdetr�d�ecgmd�djeicrnemrttehgiejdtrd�deicde|dnrzhe�jgxdnnrghktebdksexjgsewdjxgjsrhze
icdrjelghijklivktejdnwghnryrtrirdn}

WXYZ�Z®ebcdefghijkligjenckttelgswt{emricekhpezr�dehgirldnejduvrjdpey{ekwwtrlkytdetkmn�enikividn�egjprhkhldn�elgpdn�e
jvtdnekhpejdzvtkirghn�ekhpetkmxvtegjpdjnegxewvytrlekvicgjrirdnekwwtrlkytdeigewdjxgjskhldegxeicde~gj�}e�xeicdefghijkligje
wdjxgjsne~gj�e�hgmrhzerieigeydelghijkj{eigekwwtrlkytdetkmn�enikividn�egjprhkhldn�elgpdn�ejvtdnekhpejdzvtkirghn�egje
tkmxvtegjpdjnegxewvytrlekvicgjrirdn�eicdefghijkligjencktteknnvsdekwwjgwjrkidejdnwghnryrtri{exgjenvlce~gj�ekhpencktteydkje
icdelgninekiijryvikytdeigelgjjdlirgh}

WXYZ̄X°§§¢̈]_£��
bcdefghijkligjencktterhltvpderheicdefghijklie�vsekttekttgmkhldnenikidperheicdefghijklie|glvsdhin}ebcdeomhdjencktte
ndtdlieskidjrktnekhpeduvrwsdhievhpdjekttgmkhldnemricejdknghkytdewjgswihdnn}eqttgmkhldeksgvhinencktterhltvpdeicde
lgnineigeicdefghijkligjegxeskidjrktnekhpeduvrwsdhiepdtr�djdpekieicdenridekhpekttejduvrjdpeik�dn�etdnnekwwtrlkytdeijkpde
prnlgvhin}efghijkligj�nelgninexgjevhtgkprhzekhpeckhptrhzekieicdenrid�etkygj�erhnikttkirgh�eg�djcdkp�ewjgxri�ekhpegicdje
d�wdhndnelghidswtkidpexgjenikidpekttgmkhldeksgvhinencktteyderhltvpdperheicdefghijklie�vseyviehgierheicdekttgmkhld}
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XYZ[\Y]̂_̀abc̀̂adeY]̂_èafc̀ĝ_Yhcijkflje
XYZ[\[mnopqnrstuvwxusvynzvs{zu|}nw~uqvn�q�t�nw�wv�q�nupqnrstuvwxuyn�pw||n���{�un~svnupqn��tqv��nwt�n�vxp�uqxu��n
�t~sv{wu�stnwnrstuvwxusv��nxst�uv�xu�stn�xpq��|qn~svnupqn�sv��nopqn�xpq��|qn�pw||ntsunq�xqq�nu�{qn|�{�u�nx�vvqtun
�t�qvnupqnrstuvwxun�sx�{qtu�yn�pw||n�qnvq���q�nwunwzzvszv�wuqn�tuqv�w|�nw�nvq���vq�n�}nupqnxst��u�st�ns~nupqn�sv�nwt�n
�vs�qxuyn�pw||n�qnvq|wuq�nusnupqnqtu�vqn�vs�qxunusnupqnq�uqtunvq���vq�n�}nupqnrstuvwxun�sx�{qtu�ynwt�n�pw||nzvs���qn~svn
q�zq��u�s��nwt�nzvwxu�xw�|qnq�qx�u�stns~nupqn�sv��

XYZ[\[�nopqnrstuvwxusvn�pw||nzqv~sv{nupqn�sv�n�tn�qtqvw|nwxxsv�wtxqn��upnupqn{s�unvqxqtun�xpq��|qn���{�uuq�nusnupqn
��tqvnwt�n�vxp�uqxu�n

XYZ[ZYhf��g̀̀ble
XYZ[Z[mnopqnrstuvwxusvn�pw||nvq��q�n~svnxs{z|�wtxqn��upnupqnrstuvwxun�sx�{qtu�nwt�n���{�unusnupqn�vxp�uqxun�pszn
�vw��t��yn�vs��xun�wuwyn�w{z|q�ynwt�n��{�|wvn���{�uuw|�nvq���vq�n�}nupqnrstuvwxun�sx�{qtu�n�tnxssv��twu�stn��upnupqn
rstuvwxusv��nxst�uv�xu�stn�xpq��|qnwt�n�tn��xpn�q��qtxqnw�nusnw||s�nupqn�vxp�uqxunvqw�stw�|qnu�{qn~svnvq��q��n�}n
���{�uu�t�n�pszn�vw��t��yn�vs��xun�wuwyn�w{z|q�ynwt�n��{�|wvn���{�uuw|�ynupqnrstuvwxusvnvqzvq�qtu�nusnupqn��tqvnwt�n
�vxp�uqxunupwunupqnrstuvwxusvnpw�n���nvq��q�q�nwt�nwzzvs�q�nupq{�n���n�quqv{�tq�nwt�n�qv�~�q�n{wuqv�w|�yn~�q|�n
{qw��vq{qtu�ynwt�n~�q|�nxst�uv�xu�stnxv�uqv�wnvq|wuq�nupqvqusynsvn��||n�sn�s�nwt�n���nxpqx�q�nwt�nxssv��twuq�nupqn
�t~sv{wu�stnxstuw�tq�n��up�tn��xpn���{�uuw|�n��upnupqnvq���vq{qtu�ns~nupqn�sv�nwt�ns~nupqnrstuvwxun�sx�{qtu��nopqn
�sv�n�pw||n�qn�tnwxxsv�wtxqn��upnwzzvs�q�n���{�uuw|��n

��nrstuvwxusvn�pw||n���{�unwt}n�pszn�vw��t��nupwunwvqn{qvq|}nuvwx�t��nsvnsupqvnxsz�q�ns~nwt}ns~nupqnrstuvwxun
�sx�{qtu�nsupqvnupwtnups�qnzvs��xq�nw�n�wx��vs�t��n���t�nq|qxuvst�xn�r���nxsz�q�ns~n�sv��

�tnup� �¡�¢£ £¤¥£ ¦§¥̈¦ ©¥§ª«¬®¢̈  ̄¥¬� ®̄�̈° £¤�± ̄¤¥²² ©� ³¬ ́̈�¢£́³́§¥£́¢ µ®¬µ̄�̄ ¢²± ¥¢̈ ¥ ̄�µ¥¬¥£� ̈¬¥¶́¢« 
¢́̈ §́¥£́¢« ¥§£®¥² ́¢³¬·¥£́¢° £�§¤¢̧́ ®�̄ ¥¢̈ £¤� ²́ª� ̄¤¥²² ©� µ¬�µ¥¬�̈¹

ºwxpn�pszn�vw��t�n{��un�qnzvqzwvq�n�}nupqnrstuvwxusvyn���xstuvwxusvyn�zqx�w|u}nrstuvwxusvyn�qt�svnsvn{wuqv�w|n
zqv�stns~nupqnrstuvwxusv�

opqn�vxp�uqxun�pw||npw�qnupqnw�upsv�u}nusnvq�qxunwt}n�pszn�vw��t�n��s|wu�t�nwt}ns~nupqnw�s�qnzvs����st�ynwt�ntsn
q�uqt��stns~nupqnrstuvwxuno�{qn�pw||n�qn���qtnstnwxxs�tuns~n��xpnvq�qxu�st�

XYZ[Z[�n�pszn�vw��t��yn�vs��xun�wuwyn�w{z|q�nwt�n��{�|wvn���{�uuw|�nwvqntsunrstuvwxun�sx�{qtu��

XYZ[Z[»nopqnrstuvwxusvn�pw||ntsun�qnvq���vq�nusnzvs���qnzvs~q���stw|n�qv��xq�nupwunxst�u�u�uqnupqnzvwxu�xqns~nwvxp�uqxu�vqn
svnqt��tqqv�t�n�t|q��n��xpn�qv��xq�nwvqn�zqx�~�xw||}nvq���vq�n�}nupqnrstuvwxun�sx�{qtu�nsvn�t|q��nupqnrstuvwxusvn
tqq��nusnzvs���qn��xpn�qv��xq�n�tnsv�qvnusnxwvv}ns�unupqnrstuvwxusv��ns�tnvq�zst����|�u�q��n�~nzvs~q���stw|n�q���tn
�qv��xq�nsvnxqvu�~�xwu�st�n�}nwn�q���tnzvs~q���stw|nwvqn�zqx�~�xw||}nvq���vq�ynupqn��tqvnwt�nupqn�vxp�uqxun��||n�zqx�~}n
upqnzqv~sv{wtxqnwt�n�q���tnxv�uqv�wnupwun��xpn�qv��xq�n{��un�wu��~}�nopqnrstuvwxusvn�pw||nxw��qn��xpn�qv��xq�nsvn
xqvu�~�xwu�st�nusn�qnzvs���q�n�}nwtnwzzvszv�wuq|}n|�xqt�q�n�q���tnzvs~q���stw|�n�~ntsnxv�uqv�wnwvqn�zqx�~�q�ynupqn�q���tn
�pw||nxs{z|}n��upnwzz|�xw�|qnxs�q�nwt�nsv��twtxq��nºwxpn�wvu}n�pw||n�qnqtu�u|q�nusnvq|}n�zstnupqn�t~sv{wu�stnzvs���q�n
�}nupqnsupqvn�wvu}�nopqn�vxp�uqxun��||nvq��q�nwt�nwzzvs�qnsvnuw�qnsupqvnwzzvszv�wuqnwxu�stnstn���{�uuw|�n~svnupqn|�{�uq�n
z�vzs�qns~nxpqx��t�n~svnxst~sv{wtxqn��upn�t~sv{wu�stnzvs���q�nwt�nupqn�q���tnxstxqzunq�zvq��q�n�tnupqnrstuvwxun
�sx�{qtu��$opqn�vxp�uqxu��nvq��q�ns~n�pszn�vw��t��yn�vs��xun�wuwyn�w{z|q�ynwt�n��{�|wvn���{�uuw|�n�pw||n�qn~svnupqn
|�{�uq�nz�vzs�qns~nxpqx��t�n~svnxst~sv{wtxqn��upn�t~sv{wu�stn���qtnwt�nupqn�q���tnxstxqzunq�zvq��q�n�tnupqnrstuvwxun
�sx�{qtu��n�tnzqv~sv{�t�n��xpnvq��q�ynupqn�vxp�uqxun��||nwzzvs�qynsvnuw�qnsupqvnwzzvszv�wuqnwxu�stn�zstynupqn
rstuvwxusv��n�pszn�vw��t��yn�vs��xun�wuwyn�w{z|q�ynwt�n��{�|wvn���{�uuw|��

XYZ[m¼Y½ejŶ¾Yhg̀j
opqnrstuvwxusvn�pw||nxst~�tqnszqvwu�st�nwunupqn��uqnusnwvqw�nzqv{�uuq�n�}nwzz|�xw�|qn|w��yn�uwu�uq�ynsv��twtxq�ynxs�q�yn
v�|q�nwt�nvq��|wu�st�yn|w�~�|nsv�qv�ns~nz��|�xnw�upsv�u�q�ynwt�nupqnrstuvwxun�sx�{qtu�nwt�n�pw||ntsun�tvqw�stw�|}n
qtx�{�qvnupqn��uqn��upn{wuqv�w|�nsvnq���z{qtu�

opqnv��puns~nzs��q���stns~nupqnzvq{��q�nwt�nupqn�{zvs�q{qtu�n{w�qnupqvqstn�}nupqnrstuvwxusvn�pw||nvq{w�tnwunw||nu�{q�n
�tnopqn��tqv�nopqnrstuvwxusv��nv��punusnqtuv}nwt�n��qnupqvqs~nwv��q�n�s|q|}n~vs{nupqnzqv{����stn�vwtuq�n�}nupqn��tqvn
�t�qvnupqnrstuvwxun�sx�{qtu��
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WXXYZ[\]̂_̀][̂aYab_XXỲ[\cd\eY]bed̂YfaeY[cY]beYĝehdaeaiYc[̂Y_XXYgf̂g[aeaiY][Y]beY_̂e_aY[̀ f̀gdejYklY]beỲ[\a]̂f̀]d[\Y_\jY
êX_]ejYa][̂_meY_̂e_aY_aY_\jYdcYab[n\o

pbeYZ[\]̂_̀][̂Yab_XXYĝ[qdjeY_XXŶerfd̂ejY]ehg[̂_̂lY_̀ èaaYn_Xsn_laiYk[]bYd\]êd[̂Y_\jYet]êd[̂iY]ehg[̂_̂lY
g_̂]d]d[\d\mY_\jY]beYXdseY\èeaa_̂lY][Ỳ[hgXe]eY]beY[gê_]d[\aoYZ[[̂jd\_]eŶerfd̂ehe\]aY_\jY[gê_]d[\aYnd]bYuè]d[\Y
vvYwxYvvY[cY]beYye\ê_XYzerfd̂ehe\]aoYYpbeYZ[\]̂_̀][̂Yab_XXYh_d\]_d\Yf\[ka]̂f̀]ejYe\]̂_\̀eY][Y_\j{[̂Yetd]Yĉ[hY]beY
ĝeae\]YkfdXjd\mỲ[hgXetoYWXXYZ[\]̂_̀][̂|aYn[̂sY_̂e_aYab_XXYkeYseg]ỲXe_\Ye_̀bYj_lY[cŶecfaeYd\̀Xfjd\mỲ[\]_d\êaiY
f̀gaY_\jY]beYXdseoYp}~Y~�p�z~Y�WZ���p�Y����Yz~�W��Y��Y��~zWp���Y��z��yYp}~YZ��zu~Y��Yp}~Y
~�p�z~YZ��upz�Zp���Y��~zWp���uo

WXXỲ[\]̂_̀][̂aYgêc[̂hd\mYn[̂sY[\Y]bdaỲ[\]̂_̀]Yab_XXYàbejfXeY]bed̂Yn[̂sYa[Y_aY\[]Y][Yd\]êcêeYnd]bY_\lY]̂_ccd̀Y][Y_\jY
ĉ[hY]beŶerfd̂ejY_̂e_aY[cYfaeoYZ[\]̂_̀][̂Yab_XXYkeŶeag[\adkXeYc[̂Yh_d\]_d\d\mY_XXY]̂_ccd̀Y_\jYab_XXYĝ[qdjeY_XXŶerfd̂ejY
k_̂̂dêaY_\jYĝ[]è]d[\Y_aŶerfd̂ejY][Ya_cemf_̂jY]beYn[̂sY_\jY]beYgfkXd̀Y_\jY]beY[̀ f̀g_\]aY[cY]beYkfdXjd\mYjf̂d\mY
Z[\a]̂f̀]d[\o

Z[\]̂_̀][̂aiY]bed̂Yn[̂she\iYafggXdêaiYe]̀oiYndXXYkeYbeXjY][Y_jbêeYa]̂d̀]XlY][Y]beŶerfd̂ehe\]aYbêed\kec[̂eYa]_]ejY_\jY
ab_XXY\[]Y[̀ f̀glY[̂Ỳ_̂̂lY[\Y]̂_ccd̀Y]b̂[fmbY[]bêYg_̂]aY[cY]beYad]eY[̂Yd\]êd[̂Y[cYĝeae\]YkfdXjd\maiYet̀eg]YklYagèdcd̀Y
gêhdaad[\Yĉ[hY]beY�n\êo

pbeYZ[\]̂_̀][̂Yab_XXŶeg_d̂Y[̂ŶegX_̀eY_\lYetda]d\mY]̂eeaiYab̂fkkêlY[̂Y[]bêYgX_\]d\mYj_h_mejYklY[gê_]d[\aY_\j{[̂Y
n[̂she\YehgX[lejYd\Ygêc[̂h_\̀eY[cY]bed̂Ỳ[\]̂_̀]o

�f̂d\mY]beYnb[XeỲ[f̂aeY[cY]beY�[̂siY]beYZ[\]̂_̀][̂Yab_XXỲ[\jf̀]YbdaYn[̂sY_\jY[gê_]d[\aY_aY][Yd\]êcêeYnd]bY]̂_ccd̀Y
\e_̂Y]beYn[̂sY_aYXd]]XeY_aYg[aadkXeY_\jYeccè]YklYeqêlŶe_a[\_kXeYhe_\aY]beYa_ce]lY_\jỲ[hc[̂]Y[cYgejea]̂d_\aiYqebd̀XeaY
_\jYqebd̀XeYg_aae\mêaY\e_̂Y]beY�[̂so

~hgX[leeaiYqebd̀XeaiYerfdghe\]Y_\jYh_]êd_XY[cY_XXYZ[\]̂_̀][̂aY_\jY[cY_XXY[]bêaYf]dXd�ejYklY]beYZ[\]̂_̀][̂a|Yc[̂Y]beY
gêc[̂h_\̀eY[cY]bed̂Yn[̂sYab_XXYe\]êY[\][Y]beỲ[\a]̂f̀]d[\Yad]eY[\XlY_]Y]b[aeYX[̀_]d[\aYjeadm\_]ejY[̂Y_gĝ[qejYklY]beY
�n\êo

pbeYZ[\]̂_̀][̂Yab_XXYĝ[gêXlYh_d\]_d\Y_XXY_̀ èaaY][Yn[̂sY_\jYa][̂_meY_̂e_aYa[Y]b_]Y]bêeYndXXYkeỲ[\]d\f[faYf\dhgejejY
_̀ èaaY][Y]beYn[̂sYad]eYd\Y_XXYae_a[\aY[cY]beYle_̂iY[\Y_XXŶemfX_̂Yn[̂sd\mYj_laY_\jYjf̂d\mY_XXŶemfX_̂Yn[̂sd\mYb[f̂aY[cY
_\lY_\jY_XXY]̂_jeaYehgX[lejYklY_\lYZ[\]̂_̀][̂Yjf̂d\mYn[̂sY_]Y]beYad]eo

�\XlYaf̀bYqebd̀XeaiY]̂f̀saY_\jYerfdghe\]Yab_XXYkeYg_̂sejY[̂Ya][̂ejYnd]bd\Y]beYn[̂sY_̂e_Y_aY_̂eY_ka[Xf]eXlY\èeaa_̂lY
c[̂Ygêc[̂hd\mY]beYn[̂siYc[̂Y]beYXe\m]bY[cY]dheY]b_]Y_Yg_̂]d̀fX_̂Ygb_aeY[cYn[̂sYdaYgêc[̂hejoYW��Y�p}~zY
Z��pzWZp�z|Y�~}�Z�~uYW��{�zY~�����~~u|YW��{�zY��z��~zu��|uY�~}�Z�~uiY��Z�����yY
�Wuu~�y~zYZWzuiYu}W��Y�~Y�Wz�~�Y���Yp}~Yu�p~o

uèf̂d]lY�Y�]YndXXYkeY]beŶeag[\adkdXd]lY[cY]beYye\ê_XYZ[\]̂_̀][̂Y][Yĝ[qdjeY\èeaa_̂lY_\jŶerfd̂ejYaèf̂d]lYhe_af̂eaY][Y
_jerf_]eXlYa_cemf_̂jY]beỲ[\a]̂f̀]d[\Yad]eYĉ[hYq_\j_XdahY_\jYd\]̂fad[\Y[cYf\_f]b[̂d�ejYgêa[\aoYpbeYZ[\]̂_̀][̂Yab_XXY
afkhd]Yhe_\aY_\jYhe]b[jaY[cYaèf̂d]lY][Y]beY�n\êiY]b̂fY]beYŴ b̀d]è]iYc[̂Y_gĝ[q_XoYpbeYĝ[�è]Yad]eYhfa]YkeYaèf̂ejY
w�Yb[f̂aY_Yj_liYaeqe\Y���Yj_laY_YneesiYd\̀Xfjd\mY_XXYb[Xdj_lao

WXXYn[̂sgêa[\aY_\jYehgX[leeaY[cY_\lYZ[\]̂_̀][̂Y_̂eYĝ[bdkd]ejYĉ[h�Yp̂eag_aad\mY[̂YXe_qd\mY_\lYqebd̀XeY[\Y_\lY
ĝ[gê]lY\[]Y_aadm\ejYklY]beY�n\êY_aYae]Y_adjeYc[̂Y]beYfaeY[cY]beYZ[\]̂_̀][̂�YXe_qd\mY_\lYqebd̀XeY[\Y]beYm̂[f\jaY
f\XeaaYd]YdaYX[̀sejiY_\jY]beYdm\d]d[\YselaY_̂eŶeh[qejo

WXXYehgX[leeaY[̂Ygêa[\aYe\]êd\mYfg[\Y]beYĝ[gê]lYaf̂̂[f\jd\mY]beYc_̀dXd]deaY_ccè]ejYklY]beỲ[\a]̂f̀]d[\Y_̂eY
êa]̂d̀]ejY][Y]beYdhhejd_]eY_̂e_Y[cYn[̂soY�\XlYgêa[\aYb_qd\mY[ccd̀d_XYkfad\eaaYndXXYkeY_jhd]]ejY][Y]beỲ[\a]̂f̀]d[\Y
ad]eo

������������� �¡�¢�£¡�¤¥�� 
pbeYZ[\]̂_̀][̂Yab_XXYkeŶeag[\adkXeYc[̂Ỳf]]d\miYcd]]d\miY[̂Yg_]̀bd\mŶerfd̂ejY][Ỳ[hgXe]eY]beY�[̂sY[̂Y][Yh_seYd]aYg_̂]aY
cd]Y][me]bêYĝ[gêXlo



�����

�

�����	
��������������������	�������������������������� !"#$%$&'()*$&'+&*$&'+,*$&')&*$&')(*$&'))*$&'-.*$&'-/*$&'-,*$&',-*$&''-*$0..-$123$0.&-$4�$5"6$
786� 912$:2;# #<#6$�=$7�9" #69#;>$7??$� !"#;$�6;6�@63>�5"6$A786� 912$:2;# #<#6$�=$7�9" #69#;*B$A7:7*B$#"6$7:7$C�!�*$123$A7:7$��2#�19#$D�9<862#;B$1�6$�6! ;#6�63$
#�13681�E;$123$81�$2�#$46$<;63$F #"�<#$�6�8 ;; �2>$5" ;$3�9<862#$F1;$���3<963$4�$7:7$;�=#F1�6$1#$&-G+,G/)$H5$�2$&&I.&I0.00$<236�$J�36�$K�>0&&/0,/,(+$
F" 9"$6L� �6;$�2$.0I&/I0.0(*$ ;$2�#$=��$�6;1?6*$ ;$? 962;63$=��$�26M# 86$<;6$�2?�*$123$81�$�2?�$46$<;63$ 2$199��31296$F #"$#"6$7:7$��2#�19#$D�9<862#;N$56�8;$�=$
O6�@ 96>$5�$�6���#$9���� !"#$@ �?1# �2;*$6M81 ?$9���� !"#P1 1>��!>
QR��S	�RT$ U&''''0+&&/V

�W

XYZ[\]Ŷ_̀abcbdYef
ghijklmnopqnlojrhpssjtiiujnhijuoivwrirjpmxjryoolymxwmzjpoipj{oiij{olvjpqqyvyspnwlmjl{j|prnijvpniowpsrjpmxjoy}}wrhj
qpyrixj}~jluiopnwlmrjymxiojnhijklmnopqn�j�njqlvusinwlmjl{jnhij�lot�jnhijklmnopqnlojrhpssjoivl�ij|prnijvpniowpsr�j
oy}}wrh�jnhijklmnopqnlo�rjnllsr�jqlmrnoyqnwlmji�ywuvimn�jvpqhwmio~�jpmxjryousyrjvpniowpsj{olvjpmxjp}lynjnhij�ol�iqn�

�{jqsipmyujwrjmlnjuio{lovixjwmjpqqloxpmqijhioi|wnh�jnhij�|mioj|wssjimzpzijnhijrio�wqirjl{jpjqsipmwmzjqlvupm~jipqhj
nwvijnhijoi�ywoivimnjwrjmlnjvinj|wnhlynj{yonhiojmlnw{wqpnwlmjnljnhijklmnopqnlo�jjjghijqlrnjl{jryqhjqsipmwmzjqlvupm~�j
nlzinhioj|wnhjnhijqlrnjl{jpm~jqyrnlxwpsjqlrnjl{jnhij�qhllsj�wrnowqn�j|wssj}ijxw�wxixjpvlmzjipqhjklmnopqnloj|hljhprj
{pwsixjnljqsipmjwnrjxi}owr�

ghijklmnopqnlojrhpssj}ijoirulmrw}sij{loj}oltimjzsprr�jpmxjpnjnhijqlvusinwlmjl{jnhij�lotjrhpssjoiuspqijryqhjxpvpzixjloj
}oltimjzsprr�j�{niojxpvpzixjloj}oltimjzsprrjhprj}iimjoiuspqix�jnhijklmnopqnlojrhpssjoivl�ijpssjsp}isr�j|prhjpmxjulswrhj
}lnhjrwxirjl{jpssjzsprr�jjj�mjpxxwnwlmjnljzimiopsj}ollvjqsipmwmz�jnhijklmnopqnlojrhpssjuio{lovjnhij{lssl|wmzj{wmpsj
qsipmwmzj{lojpssjnopxirjpnjqlvusinwlmjl{jnhij�lot�

[\ �ivl�ijnivulopo~juolniqnwlmr�
[] �ivl�ijvpotr�jrnpwmr�j{wmziouowmnrjpmxjlnhiojrlwsjlojxwonj{olvjupwmnix�jxiqlopnixjpmxjmpnyops

{wmwrhixj|llx|lotjpmxjlnhioj�lot�
[� �ivl�ijrulnr�jrlwsjpmxjupwmnj{olvjqiopvwqjnwsi�j�ypoo~jnwsi�jvpo}sijpmxjlnhioj{wmwrhixjvpniowpsr�jpmxj

|prhjloj|wuijqsipm�
�� ksipmj{w�nyoir�jqp}wminj|lotjpmxji�ywuvimn�joivl�wmzjrnpwmr�jupwmn�jxwonjpmxjxyrn�jpmxjsip�ijrpvijwmj

ymxpvpzix�jmi|jqlmxwnwlm�
[� ksipmjpsyvwmyvjwmjpqqloxpmqij|wnhjoiqlvvimxpnwlmrjl{jnhijvpmy{pqnyoio�jpmx
[� ksipmjpssj{sllorjnhlolyzhs~jwmjpqqloxpmqij|wnhjoiqlvvimxpnwlmrjl{jnhij�pmy{pqnyoio�

XYZ[\�Y���̀��Y��Y����
ghijklmnopqnlojrhpssjuol�wxijnhij�|miojpmxj�oqhwniqnj|wnhjpqqirrjnljnhij�lotjwmjuoiupopnwlmjpmxjuolzoirrj|hioi�ioj
slqpnix�

XYZ[\�Y���a_�c̀��Y�a�̀b��Yab Ŷ�f��cd¡��
ghijklmnopqnlojrhpssjup~jpssjol~psnwirjpmxjswqimrij{iir�jghijklmnopqnlojrhpssjxi{imxjrywnrjlojqspwvrj{lojwm{owmzivimnjl{j
qlu~owzhnrjpmxjupnimnjowzhnrjpmxjrhpssjhlsxjnhij�|miojpmxj�oqhwniqnjhpovsirrj{olvjslrrjlmjpqqlymnjnhioil{�j}ynjrhpssj
mlnj}ijoirulmrw}sij{lojxi{imrijlojslrrj|himjpjuponwqyspojxirwzm�juolqirr�jlojuolxyqnjl{jpjuponwqyspojvpmy{pqnyoiojloj
vpmy{pqnyoiorjwrjoi�ywoixj}~jnhijklmnopqnj�lqyvimnrjloj|hioijnhijqlu~owzhnj�wlspnwlmrjpoijqlmnpwmixjwmj�op|wmzr�j
�uiqw{wqpnwlmrjlojlnhiojxlqyvimnrjuoiupoixj}~jnhij�|miojloj�oqhwniqn�j¢l|i�io�jw{jpmjwm{owmzivimnjl{jpjqlu~owzhnjloj
upnimnjwrjxwrql�ioixj}~�jlojvpxijtml|mjnl�jnhijklmnopqnlo�jnhijklmnopqnlojrhpssj}ijoirulmrw}sij{lojnhijslrrjymsirrjnhij
wm{lovpnwlmjwrjuolvuns~j{yomwrhixjnljnhij�oqhwniqn�

XYZ[\�Y£b ̀¤bc¥c�a�c�b
XYZ[\�[\jgljnhij{yssirnji�nimnjuiovwnnixj}~jsp|�jnhijklmnopqnlojrhpssjwmxivmw{~jpmxjhlsxjhpovsirrjnhij�|mio�j
�oqhwniqn�j�oqhwniqn�rjqlmrysnpmnr�jpmxjpzimnrjpmxjivusl~iirjl{jpm~jl{jnhivj{olvjpmxjpzpwmrnjqspwvr�jxpvpzir�jslrrirj
pmxji�uimrir�jwmqsyxwmzj}ynjmlnjswvwnixjnljpnnlomi~r�j{iir�jpowrwmzjlynjl{jlojoirysnwmzj{olvjuio{lovpmqijl{jnhij�lot�jjj
�yqhjl}swzpnwlmjrhpssj}iji{{iqnw�ijoizpoxsirrjl{j|hinhiojlojmlnjryqhjqspwv�jxpvpzi�jslrrjloji�uimrijwrjqpyrixjwmjuponj}~j
pjupon~jwmxivmw{wixjhioiymxio�j¦ln|wnhrnpmxwmzjpm~juol�wrwlmjnljnhijqlmnopo~jwmjnhwrjriqnwlmjlojpm~|hioijisrij|wnhwmj
nhwrj�zoiivimnjlojlnhio|wrijwmjnhijklmnopqnj�lqyvimnr�jpssjl{jnhijwmxivmw{wqpnwlmjpmxjhlsxjhpovsirrjpzoiivimnrj
hioiwmjpmxjnhioiwmjpoijry}�iqnjpmxjry}loxwmpnijnljnhijswvwnpnwlmrjl{jnhijsp|rjl{jnhij�npnijl{j¦i|j§lotjpmxjwmjmlji�imnj
rhpssjklmnopqnlojmlojpm~jlnhiojupon~j}ijoi�ywoixjnljwmxivmw{~jpm~juiorlmjwmj�wlspnwlmjl{jnhijuol�wrwlmrjl{jnhij¦i|j
§lotj�npnij̈imiopsj�}swzpnwlmrj©p|�jriqnwlmrjª«¬�®jlojª«¬̄�jlojl{jpm~jlnhiojpuuswqp}sijsp|�

XYZ[\�[]j�mjqspwvrjpzpwmrnjpm~juiorlmjlojimnwn~jwmxivmw{wixjymxiojnhwrj�iqnwlmj°�®ªj}~jpmjivusl~iijl{jnhijklmnopqnlo�j
pj�y}qlmnopqnlo�jpm~lmijxwoiqns~jlojwmxwoiqns~jivusl~ixj}~jnhiv�jlojpm~lmij{loj|hlrijpqnrjnhi~jvp~j}ijswp}si�jnhij
wmxivmw{wqpnwlmjl}swzpnwlmjymxioj�iqnwlmj°�®ª�®jrhpssjmlnj}ijswvwnixj}~jpjswvwnpnwlmjlmjpvlymnjlojn~uijl{jxpvpzir�j
qlvuimrpnwlmjloj}imi{wnrjup~p}sij}~jloj{lojnhijklmnopqnlojloj�y}qlmnopqnlojymxioj|lotior�jqlvuimrpnwlmjpqnr�j
xwrp}wswn~j}imi{wnjpqnrjlojlnhiojivusl~iij}imi{wnjpqnr�

XYZ[\�[�±ghijklmnopqnlo�rjwmxivmwn~jl}swzpnwlmrjymxiojnhwrj�popzopuhj°�®ªjrhpss�j}ynjmlnj}~j|p~jl{jswvwnpnwlm�j
ruiqw{wqpss~jwmqsyxijpssjqspwvrjpmxj�yxzvimnrj|hwqhjvp~j}ijvpxijpzpwmrnjnhij�|mio�jnhij�oqhwniqn�jnhiwojqlmrysnpmnr�j
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XYZ[X\]Ŷ_[XYZ[]̀abcd]]_[ce[XYd[ce[̂f]̀[gYZ]h[̂f][i]j[kchl[m̂X̂][nXoch[nXjp[_q̀qbXh[bXj_[ce[ĉf]h[\cr]hỲ ]ŶXb[
ocZq]_[fXrqY\[sghq_Zqt̂qcYp[XYZ[egĥf]hp[X\XqY_̂[tbXq̀_[XYZ[sgZ\̀ ]Ŷ_[Xhq_qY\[ehc̀ [rqcbX̂qcY[ce[agobqt[chZqYXYt]_[XYZ[
h]ugqh]̀]Ŷ_[ce[\cr]hYqY\[Xĝfchq̂q]_[Zg][̂c[̂f][vcŶhXt̂chw_[ch[q̂_[mgotcŶhXt̂chw_[̀]̂fcZ[ce[]x]tĝqcY[ce[̂f][ychlz[
{gĥf]hp[jf]Y]r]h[XYd[aXĥd[̂c[̂f][|\h]]̀]Ŷ[q_[h]ugqh]Zp[qY[jchZ_[ch[_go_̂XYt]p[̂c[qYZ]̀Yqed[ch[fcbZ[fXh̀b]__[
XYĉf]h[aXĥdp[jf]̂f]h[ch[Yĉ[̂f][ecbbcjqY\[q_[]xah]__bd[qYtbgZ]Z[qY[jfcb][ch[qY[aXĥ[qY[̂f][aXhX\hXaf[jq̂f[h]\XhZ[̂c[
_gtf[aXĥqtgbXh[qYZ]̀YqeqtX̂qcY[XYZ[fcbZ[fXh̀b]__[ahcrq_qcYp[_gtf[qYZ]̀YqeqtX̂qcY[XYZ[fcbZ[fXh̀b]__[ahcrq_qcY[_fXbb[
qYtbgZ]p[oĝ[Yĉ[o][bq̀q̂]Z[̂cp[̂f][aXd̀ ]Ŷ[ch[h]q̀ogh_]̀]Ŷ[ce[Xbb[sgZ\̀ ]Ŷ_p[tbXq̀_p[ZX̀X\]_p[bc__]_p[e]]_p[tc_̂_p[XYZ[
]xa]Y_]_p[XYZ[bq̂q\X̂qcY[tc_̂_[XYZ[]xa]Y_]_p[qYtbgZqY\p[oĝ[Yĉ[bq̀q̂]Z[̂cp[̂f][h]X_cYXob][e]]_[ce[q̂_[X̂̂chY]d_[XYZ[
jq̂Y]__]_z

}~�����������}~�������
������[�f][|htfq̂]t̂[jqbb[ahcrqZ][XZ̀ qYq_̂hX̂qcY[ce[̂f][vcŶhXt̂[X_[Z]_thqo]Z[qY[̂f][vcŶhXt̂[�ctg̀ ]Ŷ_[XYZ[jqbb[o][
XY[�jY]hw_[h]ah]_]ŶX̂qr][ZghqY\[tcY_̂hgt̂qcYp[gŶqb[̂f][ZX̂][̂f][|htfq̂]t̂[q__g]_[̂f][eqYXb[v]ĥqeqtX̂][ech[�Xd̀ ]Ŷz[
�f][|htfq̂]t̂[jqbb[fXr][Xĝfchq̂d[̂c[Xt̂[cY[o]fXbe[ce[̂f][�jY]h[cYbd[̂c[̂f][]x̂]Ŷ[ahcrqZ]Z[qY[̂f][vcŶhXt̂[�ctg̀ ]Ŷ_p[
gYb]__[ĉf]hjq_][̀cZqeq]Z[qY[jhq̂qY\[qY[XttchZXYt][jq̂f[ĉf]h[ahcrq_qcY_[ce[̂f][vcŶhXt̂z

������[�ĝq]_p[h]_acY_qoqbq̂q]_p[XYZ[bq̀q̂X̂qcY_[ce[Xĝfchq̂d[ce[̂f][|htfq̂]t̂[X_[_]̂[ecĥf[qY[̂f][vcŶhXt̂[�ctg̀ ]Ŷ_[
_fXbb[Yĉ[o][h]_̂hqt̂]Zp[̀cZqeq]Zp[ch[]x̂]YZ]Z[jq̂fcĝ[jhq̂̂]Y[tcY_]Ŷ[ce[̂f][�jY]hp[vcŶhXt̂chp[XYZ[|htfq̂]t̂z[vcY_]Ŷ[
_fXbb[Yĉ[o][gYh]X_cYXobd[jq̂ff]bZz

������[�f][|htfq̂]t̂[jqbb[rq_q̂[̂f][_q̂][X̂[qŶ]hrXb_[XaahcahqX̂][̂c[̂f][_̂X\][ce[̂f][tcY_̂hgt̂qcY[̂c[o]tc̀ ][\]Y]hXbbd[
eX̀qbqXh[jq̂f[̂f][ahc\h]__[XYZ[ugXbq̂d[ce[̂f][acĥqcY[ce[̂f][ychl[tc̀ ab]̂]Zp[XYZ[̂c[Z]̂]h̀qY][qY[\]Y]hXbp[qe[̂f][ychl[
co_]hr]Z[q_[o]qY\[a]hech̀]Z[qY[X[̀XYY]h[qYZqtX̂qY\[̂fX̂[̂f][ychlp[jf]Y[egbbd[tc̀ ab]̂]Zp[jqbb[o][qY[XttchZXYt][jq̂f[
f̂][vcŶhXt̂[�ctg̀ ]Ŷ_z[�cj]r]hp[̂f][|htfq̂]t̂[jqbb[Yĉ[o][h]ugqh]Z[̂c[̀Xl][]xfXg_̂qr][ch[tcŶqYgcg_[cY�_q̂][
qY_a]t̂qcY_[̂c[tf]tl[̂f][ugXbq̂d[ch[ugXŶq̂d[ce[̂f][ychlz[�f][|htfq̂]t̂[jqbb[Yĉ[fXr][tcŶhcb[cr]hp[tfXh\][cep[ch[
h]_acY_qoqbq̂d[ech[̂f][tcY_̂hgt̂qcY[̀]XY_p[̀]̂fcZ_p[̂]tfYqug]_p[_]ug]Yt]_p[ch[ahct]Zgh]_p[ch[ech[_Xe]̂d[ah]tXĝqcY_[XYZ[
ahc\hX̀_[qY[tcYY]t̂qcY[jq̂f[̂f][ychlp[_qYt][̂f]_][Xh][_cb]bd[̂f][vcŶhXt̂chw_[hq\f̂_[XYZ[h]_acY_qoqbq̂q]_[gYZ]h[̂f][
vcŶhXt̂[�ctg̀ ]Ŷ_z

������[�Y[̂f][oX_q_[ce[̂f][_q̂][rq_q̂_p[̂f][|htfq̂]t̂[jqbb[l]]a[̂f][�jY]h[h]X_cYXobd[qYech̀]Z[Xocĝ[̂f][ahc\h]__[XYZ[
ugXbq̂d[ce[̂f][acĥqcY[ce[̂f][ychl[tc̀ ab]̂]Zp[XYZ[ahc̀ âbd[h]acĥ[̂c[̂f][�jY]h[���[lYcjY[Z]rqX̂qcY_[ehc̀ [̂f][
vcŶhXt̂[�ctg̀ ]Ŷ_p[���[lYcjY[Z]rqX̂qcY_[ehc̀ [̂f][̀c_̂[h]t]Ŷ[tcY_̂hgt̂qcY[_tf]Zgb][_gò q̂̂]Z[od[̂f][vcŶhXt̂chp[
XYZ[���[Z]e]t̂_[XYZ[Z]eqtq]Ytq]_[co_]hr]Z[qY[̂f][ychlz��f][|htfq̂]t̂[jqbb[Yĉ[o][h]_acY_qob][ech[̂f][vcŶhXt̂chw_[
eXqbgh][̂c[a]hech̀[̂f][ychl[qY[XttchZXYt][jq̂f[̂f][h]ugqh]̀]Ŷ_[ce[̂f][vcŶhXt̂[�ctg̀ ]Ŷ_z[�f][|htfq̂]t̂[jqbb[Yĉ[
fXr][tcŶhcb[cr]h[ch[tfXh\][ce[XYZ[jqbb[Yĉ[o][h]_acY_qob][ech[Xt̂_[ch[c̀ q__qcY_[ce[̂f][vcŶhXt̂chp[mgotcŶhXt̂ch_p[ch[
f̂]qh[X\]Ŷ_[ch[]̀abcd]]_p[ch[XYd[ĉf]h[a]h_cY_[ch[]Ŷq̂q]_[a]hech̀qY\[acĥqcY_[ce[̂f][ychlz

������[�X_]Z[cY[̂f][|htfq̂]t̂w_[]rXbgX̂qcY_[ce[̂f][ychl[XYZ[ce[̂f][vcŶhXt̂chw_[|aabqtX̂qcY_[ech[�Xd̀ ]Ŷp[̂f][
|htfq̂]t̂[jqbb[h]rq]j[XYZ[t]ĥqed[̂f][X̀cgŶ_[Zg][̂f][vcŶhXt̂ch[XYZ[jqbb[q__g][v]ĥqeqtX̂]_[ech[�Xd̀ ]Ŷ[qY[_gtf[
X̀cgŶ_z

������[�f][|htfq̂]t̂[fX_[Xĝfchq̂d[̂c[h]s]t̂[ychl[̂fX̂[Zc]_[Yĉ[tcYech̀[̂c[̂f][vcŶhXt̂[�ctg̀ ]Ŷ_[XYZ[̂c[h]ugqh][
qY_a]t̂qcY[ch[̂]_̂qY\[ce[̂f][ychlz

������[�f][|htfq̂]t̂[jqbb[h]rq]j[XYZ[Xaahcr][ch[̂Xl][ĉf]h[XaahcahqX̂][Xt̂qcY[gacYp[̂f][vcŶhXt̂chw_[_gò q̂̂Xb_[_gtf[
X_[mfca[�hXjqY\_p[�hcZgt̂[�X̂Xp[XYZ[mX̀ab]_p[oĝ[cYbd[ech[̂f][bq̀q̂]Z[aghac_][ce[tf]tlqY\[ech[tcYech̀XYt][jq̂f[
qYech̀X̂qcY[\qr]Y[XYZ[̂f][Z]_q\Y[tcYt]â[]xah]__]Z[qY[̂f][vcŶhXt̂[�ctg̀ ]Ŷ_z

������[�f][|htfq̂]t̂[jqbb[qŶ]hah]̂[XYZ[Z]tqZ][̀X̂̂]h_[tcYt]hYqY\[a]hech̀XYt][gYZ]hp[XYZ[h]ugqh]̀]Ŷ_[cep[̂f][
vcŶhXt̂[�ctg̀ ]Ŷ_[cY[jhq̂̂]Y[h]ug]_̂[ce[]q̂f]h[̂f][�jY]h[ch[vcŶhXt̂chz[�f][|htfq̂]t̂[jqbb[̀Xl][qYq̂qXb[Z]tq_qcY_[cY[
Xbb[tbXq̀_p[Zq_aĝ]_p[XYZ[ĉf]h[̀X̂̂]h_[qY[ug]_̂qcY[o]̂j]]Y[̂f][�jY]h[XYZ[vcŶhXt̂ch[oĝ[jqbb[Yĉ[o][bqXob][ech[h]_gb̂_[
ce[XYd[qŶ]hah]̂X̂qcY_[ch[Z]tq_qcY_[h]YZ]h]Z[qY[\ccZ[eXq̂fz

������[�f][|htfq̂]t̂w_[Z]tq_qcY_[cY[̀X̂̂]h_[h]bX̂qY\[̂c[X]_̂f]̂qt[]ee]t̂[jqbb[o][eqYXb[qe[tcY_q_̂]Ŷ[jq̂f[̂f][qŶ]Ŷ[
]xah]__]Z[qY[̂f][vcŶhXt̂[�ctg̀ ]Ŷ_z
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WXYZ[\]̂__̂^̂ àb[cdYXW[YcX̀
ê__f_ghgijklmnopqlompgrsgqgtupsmngmpgunorovgwxmgxqsgqgyrpuloglmnopqlogwroxgoxugzmnopqlompgomgtup{mp|gqgtmpormngm{goxug
}mp~gqogoxugsrougmpgomgmoxupwrsug{jpnrsxg�qkmp�g|qouprq�gmpgmoxupgsup�rlusgwroxgpustulogomgqgtmpormngm{goxug}mp~�gqnyg
rnl�jyus�gkjogrsgnmog�r|rouygom�gitulrq�rsos�gitulrq�ovgzmnopqlomp�gqnyg�pqyugijklmnopqlomps�g�xugoup|g�ijklmnopqlomp�g
rsgpu{uppuygomgoxpmj�xmjogoxugzmnopqlog�mlj|unosgqsgr{gsrn�j�qpgrngnj|kupgqnyg|uqnsgqgijklmnopqlompgmpgqngqjoxmpr�uyg
putpusunoqor�ugm{goxugijklmnopqlomp�g�xugoup|g�ijklmnopqlomp�gymusgnmogrnl�jyugqgsutqpqouglmnopqlompgmpgsjklmnopqlompsg
m{gqgsutqpqouglmnopqlomp�

hgijk�sjklmnopqlompgrsgqgtupsmngmpgunorovgwxmgxqsgqgyrpulogmpgrnyrpuloglmnopqlogwroxgqgijklmnopqlompgomgtup{mp|gqg
tmpormngm{goxug}mp~gqogoxugsrougmpgomgmoxupwrsug{jpnrsxg�qkmp�g|qouprq�gmpgmoxupgsup�rlusgwroxgpustulogomgqgtmpormngm{goxug
}mp~�g�xugoup|g�ijk�sjklmnopqlomp�grsgpu{uppuygomgoxpmj�xmjogoxugzmnopqlog�mlj|unosgqsgr{gsrn�j�qpgrngnj|kupgqnyg
|uqnsgqgijk�sjklmnopqlompgmpgqngqjoxmpr�uygputpusunoqor�ugm{goxugijk�sjklmnopqlomp�

�xugoup|g�itulrq�rso�gmpg�itulrq�ovgzmnopqlomp�gqsgjsuygrngoxusugstulr{rlqormnsgsxq��g|uqngqngrnyr�ryjq�gmpg{rp|gm{g
usoqk�rsxuygputjoqormn�gmp�gr{gnuw�vgmp�qnr�uy�gwxmsugtupsmnnu�gxq�ugtpu�rmjs�vgusoqk�rsxuygqgputjoqormngrngoxugsq|ug
{ru�y�gwxrlxgrsgpu�j�qp�vgun�q�uygrn�gqnygwxrlxg|qrnoqrnsgqgpu�j�qpg{mplugm{gwmp~|ungs~r��uygrnguroxupg|qnj{qlojprn�g
mpg{qkprlqorn�grou|sgpu�jrpuygkvgoxugzmnopqlo�grnsoq��rn�grou|sgpu�jrpuygkvgoxugzmnopqlo�gmpgmoxupwrsugtup{mp|rn�gwmp~g
pu�jrpuygkvgoxugzmnopqlo�

}xupugoxugzmnopqlogitulr{rlqormnsgpu�jrpugrnsoq��qormngkvgqg�itulrq�rso��goxqogoup|gsxq��gq�smgkugyuu|uygomg|uqnguroxupg
oxug|qnj{qlojpupgm{goxugrou|�gqngrnyr�ryjq�gmpg{rp|g�rlunsuygkvgoxug|qnj{qlojpup�gmpgqngrnyr�ryjq�gmpg{rp|gwxmgwr��g
tup{mp|gsjlxgwmp~gjnyupgoxug|qnj{qlojpup�sgyrpulogsjtup�rsrmn�ê__f�g�n�ussgmoxupwrsugsoqouygrngoxugzmnopqlog
�mlj|unos�goxugzmnopqlomp�gqsgsmmngqsgtpqlorlqk�ugq{oupgqwqpygm{goxugzmnopqlo�gsxq��gnmor{vgoxug�wnupgqnyghplxroulogm{g
oxugijklmnopqlompsgmpgsjtt�rupsgtpmtmsuyg{mpguqlxgm{goxugtprnlrtq�gtmpormnsgm{goxug}mp~�g�xugzmnopqlompgsxq��gnmog
lmnopqlogwroxgqnvgijklmnopqlompgmpgsjtt�rupgomgwxm|goxug�wnupgmpghplxroulogxqsg|qyugpuqsmnqk�ugwprooungmk�ulormng
wroxrngoungyqvsgq{oupgpulurtogm{goxugzmnopqlomp�sg�rsogm{gijklmnopqlompsgqnygsjtt�rups�g�{goxugtpmtmsuygkjogpu�ulouyg
ijklmnopqlompgwqsgpuqsmnqk�vglqtqk�ugm{gtup{mp|rn�goxug}mp~�goxugzmnopqlogij|gqnygzmnopqlog�r|ugsxq��gkug
rnlpuqsuygmpgyulpuqsuygkvgoxugyr{{upunlu�gr{gqnv�gmllqsrmnuygkvgsjlxglxqn�u�gqnygqngqttpmtprqougzxqn�ug�pyupgsxq��gkug
rssjuygku{mpuglm||unlu|unogm{goxugsjksorojougijklmnopqlomp�sg}mp~�g�xugzmnopqlompgsxq��gnmogkugpu�jrpuygomglmnopqlog
wroxgqnvmnugomgwxm|goxugzmnopqlompgxqsg|qyugpuqsmnqk�ugmk�ulormn�

�������������������
ê__f�gzmnopqlosgkuowuungoxugzmnopqlompgqnygijklmnopqlompsgsxq��g�� gpu�jrpuguqlxgijklmnopqlomp�gomgoxugu¡ounogm{goxug
}mp~gomgkugtup{mp|uygkvgoxugijklmnopqlomp�gomgkugkmjnygomgoxugzmnopqlompgkvgoxugoup|sgm{goxugzmnopqlog�mlj|unos�g
qnygomgqssj|ugomwqpygoxugzmnopqlompgq��goxugmk�r�qormnsgqnygpustmnsrkr�rorus�grnl�jyrn�goxugpustmnsrkr�rovg{mpgsq{uovgm{g
oxugijklmnopqlomp�sg}mp~�gwxrlxgoxugzmnopqlomp�gkvgoxugzmnopqlog�mlj|unos�gqssj|usgomwqpygoxug�wnupgqnyg
hplxroulo�gqnyg�¢ gq��mwgoxugijklmnopqlompgoxugkunu{rogm{gq��gpr�xos�gpu|uyrusgqnygpuypussgq�qrnsogoxugzmnopqlompgoxqogoxug
zmnopqlomp�gkvgoxusugzmnopqlog�mlj|unos�gxqsgq�qrnsogoxug�wnup�

WXYZ[\]̂_�̂^̂[cd̀YXa[YZcd̂b£̂c¤d]X̂cX̂b£̂ ]̀¥WXWY]̂[cdYXW[YcX̀
ê_�f_g�xugoup|g�iutqpqougzmnopqlomp�s �gsxq��g|uqngmoxupglmnopqlompsgpuoqrnuygkvgoxug�wnupgjnyupgsutqpqoug
q�puu|unos�g�xug�wnupgpusup�usgoxugpr�xogomgtup{mp|glmnsopjlormngmpgmtupqormnsgpu�qouygomgoxug¦pm�ulogwroxgoxug
�wnup�sgmwng{mplus�gqnygwroxgiutqpqougzmnopqlompsgpuoqrnuygjnyupgzmnyrormnsgm{goxugzmnopqlogsjksoqnorq��vgsr|r�qpgomg
oxmsugm{goxrsgzmnopqlo�grnl�jyrn�goxmsugtpm�rsrmnsgm{goxugzmnyrormnsgm{goxugzmnopqlogpu�qouygomgrnsjpqnlugqnygwqr�upgm{g
sjkpm�qormn�

}xungsutqpqouglmnopqlosgqpugqwqpyuyg{mpgyr{{upunogtmpormnsgm{goxug¦pm�ulogmpgmoxupglmnsopjlormngmpgmtupqormnsgmngoxug
srou�goxugoup|g�zmnopqlomp�grngoxugzmnopqlog�mlj|unosgrnguqlxglqsugsxq��g|uqngoxugzmnopqlompgwxmgu¡uljousguqlxg
sutqpqoug�wnup�zmnopqlompgh�puu|uno�

�xug�wnupgsxq��gtpm�ryug{mpglmmpyrnqormngm{goxugqlor�rorusgm{goxug�wnup�sgmwng{mplusgqnygm{guqlxgsutqpqouglmnopqlompg
wroxgoxug}mp~gm{goxugzmnopqlomp�gwxmgsxq��glmmtupqougwroxgoxu|�g�xugzmnopqlompgsxq��gtqporlrtqougwroxgmoxupgsutqpqoug
lmnopqlompsgqnygoxug�wnupgrngpu�ruwrn�goxurpglmnsopjlormngslxuyj�usgwxungyrpulouygomgymgsm�g�xugzmnopqlompgsxq��g
|q~ugqnvgpu�rsrmnsgomgoxuglmnsopjlormngslxuyj�ugyuu|uygnulussqpvgq{oupgqg�mrnogpu�ruwgqnyg|jojq�gq�puu|uno�g�xug
lmnsopjlormngslxuyj�usgsxq��goxunglmnsorojougoxugslxuyj�usgomgkugjsuygkvgoxugzmnopqlomp�gsutqpqouglmnopqlompsgqnygoxug
�wnupgjnor�gsjksu�juno�vgpu�rsuy�
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XYZ[\[]̂_̀]abcdefgdbe]h_fii]fjjbek]d_̀]lmc̀e]fck]ǹofefd̀]abcdefgdbeh]èfhbcfpì]boobedqcrds]jbe]rcdebkqgdrbc]fck]
hdbeft̀]bj]d_̀re]ufd̀erfih]fck]̀vqroùcd]fck]òejbeufcg̀]bj]d_̀re]fgdrwrdr̀h]fck]h_fii]gbcc̀gd]fck]gbbekrcfd̀]d_̀]
abcdefgdbexh]fgdrwrdr̀h]mrd_]d_̀reh]fh]èvqrèk]ps]d_̀]abcdefgd]ybgqùcdhz

XYZ[\{]̂_̀]lmc̀e]h_fii]p̀]èrupqeh̀k]ps]d_̀]abcdefgdbe]jbe]gbhdh]rcgqeèk]ps]d_̀]lmc̀e]m_rg_]fè]ofsfpì]db]f]
ǹofefd̀]abcdefgdbe]p̀gfqh̀]bj]k̀ifsh|]ruoebòeis]drùk]fgdrwrdr̀h|]be]k̀j̀gdrẁ]gbchdeqgdrbc]bj]d_̀]abcdefgdbez]̂_̀]
lmc̀e]h_fii]p̀]èhobchrpì]db]d_̀]abcdefgdbe]jbe]gbhdh]rcgqeèk]ps]d_̀]abcdefgdbe]p̀gfqh̀]bj]k̀ifsh|]ruoebòeis]drùk]
fgdrwrdr̀h|]kfuft̀]db]d_̀]}be~|]be]k̀j̀gdrẁ]gbchdeqgdrbc]bj]f]ǹofefd̀]abcdefgdbez

�������YZ{YYY�������Y��Y���Y����
XYZ{\Z]�s]fooeboerfd̀]�bkrjrgfdrbc|]g_fct̀h]rc]d_̀]}be~]ufs]p̀]fggbuoirh_̀k]fjd̀e]̀�̀gqdrbc]bj]d_̀]abcdefgdz]̂_̀]
lmc̀e|]mrd_bqd]rcwfirkfdrct]d_̀]abcdefgd|]ufs]bek̀e]g_fct̀h]rc]d_̀]}be~]mrd_rc]d_̀]t̀c̀efi]hgbò]bj]d_̀]abcdefgd]
gbchrhdrct]bj]fkkrdrbch|]k̀ìdrbch|]be]bd_̀e]èwrhrbch|]mrd_]d_̀]abcdefgd]nqu]fck]abcdefgd]̂rù]p̀rct]fk�qhd̀k]
fggbekrctisz]nqg_]g_fct̀h]rc]d_̀]}be~]h_fii]p̀]fqd_ber�̀k]ps]merdd̀c]a_fct̀]lek̀e]hrtc̀k]ps]d_̀]lmc̀e|]abcdefgdbe|]
fck]�eg_rd̀gd|]be]ps]merdd̀c]abchdeqgdrbc]a_fct̀]yrègdrẁ]hrtc̀k]ps]d_̀]lmc̀e]fck]�eg_rd̀gdz]�obc]rhhqfcg̀]bj]d_̀]
a_fct̀]lek̀e]be]abchdeqgdrbc]a_fct̀]yrègdrẁ|]d_̀]abcdefgdbe]h_fii]oebg̀ k̀]oebuodis]mrd_]hqg_]g_fct̀h]rc]d_̀]
}be~|]qcìhh]bd_̀emrh̀]oebwrk̀k]rc]d_̀]a_fct̀]lek̀e]be]abchdeqgdrbc]a_fct̀]yrègdrẁz

XYZ{\[]�k�qhdùcdh]rc]d_̀]abcdefgd]nqu]fck]abcdefgd]̂rù]èhqidrct]jebu]f]g_fct̀]rc]d_̀]}be~]h_fii]p̀]k̀d̀eurc̀k]
ps]uqdqfi]ftè̀ ùcd]bj]d_̀]ofedr̀h]be|]rc]d_̀]gfh̀]bj]f]abchdeqgdrbc]a_fct̀]yrègdrẁ]hrtc̀k]bcis]ps]d_̀]lmc̀e]fck]
�eg_rd̀gd|]ps]d_̀]abcdefgdbexh]gbhd]bj]ifpbe|]ufd̀erfi|]̀vqroùcd|]fck]èfhbcfpì]bẁe_̀fk]fck]oebjrd|]qcìhh]d_̀]
ofedr̀h]ftè̀]bc]fcbd_̀e]ùd_bk]jbe]k̀d̀eurcrct]d_̀]gbhd]be]gèkrdz]�̀ckrct]jrcfi]k̀d̀eurcfdrbc]bj]d_̀]dbdfi]gbhd]bj]f]
abchdeqgdrbc]a_fct̀]yrègdrẁ|]d_̀]abcdefgdbe]ufs]èvq̀hd]ofsùcd]jbe]}be~]gbuoìd̀k]oqehqfcd]db]d_̀]abchdeqgdrbc]
a_fct̀]yrègdrẁz]̂_̀]�eg_rd̀gd]mrii]uf~̀]fc]rcd̀eru]k̀d̀eurcfdrbc]bj]d_̀]fubqcd]bj]ofsùcd]kq̀]jbe]oqeobh̀h]bj]
g̀edrjsrct]d_̀]abcdefgdbexh]ubcd_is]�ooirgfdrbc]jbe]�fsùcdz]}_̀c]d_̀]lmc̀e]fck]abcdefgdbe]ftè̀]bc]fk�qhdùcdh]
db]d_̀]abcdefgd]nqu]fck]abcdefgd]̂rù]ferhrct]jebu]f]abchdeqgdrbc]a_fct̀]yrègdrẁ|]d_̀]�eg_rd̀gd]mrii]oèofè]f]
a_fct̀]lek̀ez]

XYZ{\[\Z]̂_̀]wfiq̀]bj]f]a_fct̀]rc]d_̀]}be~|]h_fii]p̀]k̀d̀eurc̀k]ps]bc̀]be]ubè]bj]d_̀]jbiibmrct�

z�]�crd]�erg̀h]be]fid̀ecfd̀h]oèwrbqhis]ftè̀k]db]ps]abcdefgdbe]fck]lmc̀e�

z� �j]cb]hqg_]�crd]�erg̀]be]�id̀ecfd̀h]fè]oèwrbqhis]ftè̀k]db|]d_̀c]wfiq̀]bj]d_̀]a_fct̀]h_fii]p̀]k̀d̀eurc̀k]ps]
fkkrct]be]k̀kqgdrct]f]jr�̀k]hqu]fubqcd]ftè̀k]bc]p̀dm̀ c̀]d_̀]lmc̀e]fck]d_̀]abcdefgdbe�]be

z� �s]fkkrct�
fz]]d_̀]fgdqfi]gbhd]db]abcdefgdbe]bj]ifpbe]jbe]pfh̀]mft̀h]bcis|]rcgiqkrct]èvqrèk]qcrbc]p̀c̀jrdh]fh]h̀d]
jbed_]rc]d_̀]fooirgfpì]gbiìgdrẁ]pfetfrcrct]ftè̀ ùcd|]oiqh]oèurquh]èvqrèk]db]p̀]ofrk]ps]
abcdefgdbe]jbe]irfprirds]fck]mbe~̀ehx]gbuòchfdrbc]rchqefcg̀]jbe]hqg_]ifpbe|]oiqh]hdfd̀]df�̀h]jbe]
qc̀uoibsùcd]rchqefcg̀]fck]j̀k̀efi]hbgrfi]h̀gqerds]df�̀h|]oiqh]fc]fiibmfcg̀]bj]���]jbe]
abcdefgdbexh]oebjrd|]hqòewrhrbc|]fkurcrhdefdrẁ]fck]fii]bd_̀e]bẁe_̀fk|]rckrègd]gbhdh|]fck]fkkrdrbcfi]
òejbeufcg̀|]ifpbe|]fck]ufd̀erfi]pbck]gbhdh]èifd̀k]db]d_̀]ifpbe]obedrbc]bj]d_̀]a_fct̀�]oiqh

pz]]̂_̀]fgdqfi]gbhd]db]abcdefgdbe]bj]ufd̀erfih]rcgbeobefd̀k]be]db]p̀]rcgbeobefd̀k]rcdb]d_̀]�eb�̀gd|]
rcgiqkrct]defchobedfdrbc]db]d_̀]hrd̀|]oiqh]ufrcd̀cfcg̀|]bòefdrbc]fck]ècdfi|]be]èfhbcfpì]ècdfi]
wfiq̀|]bj]abcdefgdbe]bmc̀k]̀vqroùcd|]bd_̀e]d_fc]hufii]dbbih|]oiqh]fc]fiibmfcg̀]bj]jrẁ]òeg̀cd]
����]jbe]abcdefgdbexh]oebjrd|]hqòewrhrbc|]fkurcrhdefdrẁ]fck]fii]bd_̀e]bẁe_̀fk|]rckrègd]gbhdh|]fck]
fkkrdrbcfi]òejbeufcg̀|]ifpbe|]fck]ufd̀erfi]pbck]gbhdh]èifd̀k]db]d_̀]ufd̀erfih]obedrbc]bj]d_̀]
a_fct̀z

z  n_bqik]abcdefgdbe]p̀]èvqrèk]be]òeurdd̀k]db]hqpgbcdefgd]fii]be]f]obedrbc]bj]d_̀]a_fct̀]db]p̀]òejbeùk]bc]
d_̀]pfhrh]bj]d_̀]gbhd]bj]ifpbe]fck]ufd̀erfih|]ofsùcdh]db]f]nqpgbcdefgdbe]bj]fcs]dr̀e]d_fd]fgdqfiis]òejbeuh]d_̀]
a_fct̀]h_fii]p̀]tbẁec̀k]ps]d_̀]oebwrhrbc]rc]hqpofeftefo_]g]fpbẁ]mrd_]d_̀]̀�g̀odrbc]bj]d_̀]fiibmfcg̀]
hdroqifd̀k]d_̀èrcz]]�c]d_̀]̀ẁcd]bj]hqpgbcdefgdrct]d_̀]a_fct̀|]d_̀]abcdefgdbe]mrii]p̀]̀cdrdìk]db]fc]fiibmfcg̀]
bj]d̀c]òeg̀cd]�����]jbe]ifpbe]fck]jrẁ]òeg̀cd]����]jbe]ufd̀erfi]rchd̀fk]bj]d_̀]fiibmfcg̀]h̀d]jbed_]rc]
hqpofeftefo_]g]fpbẁ]fck]rd]h_fii]p̀]d_̀]èhobchrprirds]bj]d_̀]abcdefgdbe]fck]rdh]nqpgbcdefgdbe�h�]bj]fii]dr̀eh]db]
fiibgfd̀]d_̀]fiibmfcg̀h]h̀d]jbed_]rc]d_rh]hqpofeftefo_]k]p̀dm̀ c̀]fck]fubcthd]d_̀uh̀iẁhz

z� �c]bek̀e]db]jfgrirdfd̀]g_̀g~rct]bj]vqbdfdrbch]jbe]̀�defh]be]gèkrdh|]fii]oebobhfih|]h_fii]p̀]fggbuofcr̀k]ps]f]
gbuoìd̀]rd̀ur�fdrbc]bj]gbhdh]rcgiqkrct]ifpbe|]ufd̀erfih]fck]hqp¡gbcdefgdhz]]¢fpbe]fck]ufd̀erfih]h_fii]p̀]
rd̀ur�̀k]rc]d_̀]ufcc̀e]oèhgerp̀k]p̀ibm]fck]rc]d_̀]jbeufd]k̀hgerp̀k]rc]d_̀]nògrjrgfdrbchz]]}_̀è]uf�be]gbhd]
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XYZ[\]̂_Z]\̀abcdY_̂bY\e]YfZg]\f̂hh]aZ]XYZ[XiZj]̂h\ck]]lhh]m_cmc\̂h\]nXYfc̀Y]\̀bf]XYZ[XîYXcd]nXhh]aZ]_ZỲ_dZj]Yc]
YfZ]ocdY_̂bYc_]pc_]_Z\̀a[X\\Xcde]̂dj]qndZ_][̂g]X\\̀Z]̂]ocd\Y_̀bYXcd]of̂drZ]sX_ZbYXtZ]Xd]hXZ̀]YfZ_Zcpk

uk v ŶZ_X̂h\]wxYZ[XiZj]y_Ẑzjcnd{

|k }ZdŶh]cp]~�̀Xm[ZdY]wxYZ[XiZj]y_Ẑzjcnd{

�k �̀aYcŶh]wljj]hXdZ\]u�|{

�k qtZ_fẐj]̂dj]�_cpXY]wu��]�]hXdZ]�{

�k �̀aYcŶh]wljj]hXdZ\]���{

�k �̂ac_]wxYZ[XiZj]y_Ẑzjcnd{

�k xd\̀_̂dbZ]cd]�̂ac_]w�c_z[Zd�\]oc[mke]ZYbk{

�k �̀aYcŶh]wljj]hXdZ\]�]̂dj]�{]

�k qtZ_fẐj]̂dj]�_cpXY]wu��]�]hXdZ]�{

u�k �̀aYcŶh]wljj]hXdZ\]�]̂dj]�{

uuk �̀abcdY_̂bY]�c_z]wxdbh̀jZ]xYZ[XiZj]y_Ẑzjcnde]�̀abcdY_̂bYc_�\]

ctZ_fẐj]̂dj]m_cpXY]̂hhcnZj]X\]u��{

u|k �_X[Z]ocdY_̂bYc_]qtZ_fẐj]̂dj]�_cpXY]w��]�]hXdZ]uu{

u�k �̀aYcŶh]wljj]hXdZ\]�]�]�{

u�k �̀aYcŶh]wljj]hXdZ\]�e]u�e]̂dj]u�{

u�k ycdj]bf̂_rZ\]w|�]�]hXdZ]u�{

u�k �q�l�]o�l��~]q}s~}

wljj]hXdZ\]u�]̂dj]u�{

k� �c_]̂jjXYXcd̂h]acdj]bf̂_rZ\]pc_]YfZ]YcŶh]of̂drZ]q_jZ_e]Ync]w|�{]mZ_bZdY]cp]YfZ]oc\Yk]]�fX\]\f̂hh]̂mmhg]pc_]
sZj̀bY]of̂drZ]q_jZ_\]̂\]nZhhk

k� �fZd]mZ_pc_[Xdr]̂dg]�c_z]cd]YfZ]â\X\]cp]YfZ]bc\Y]cp]ĥac_]̂dj][̂YZ_X̂h\e]̂dj]ocdY_̂bYc_]c_]XY\]
�̀abcdY_̂bYc_\]̂_Z]mZ_[XYYZj]c_]_Z�̀X_Zj]Yc]mZ_pc_[]̂dg]ctZ_YX[Z]nc_ze]YfZ]bc\Y]cp]ĥac_]\f̂hh]Xdbh̀jZ]
ĵjXYXcd̂h]n̂rZ\]ctZ_]̂dj]̂actZ]\Y_̂XrfY]YX[Z]_̂YZ\e]̂\]nZhh]̂\]n̂rZ\]̂Y]\Y_̂XrfY]YX[Z]_̂YZ\k]�cnZtZ_e]YfZ]
ĥhcn̂dbZ]\ZY]pc_Yf]Xd]\̀am̂_̂r_̂mf]u�k|ku]\̀a\̀am̂_̂r_̂mf\]k�]c_]k�e]Xp]̂mmhXb̂ahZe]\f̂hh]dcY]aZ]bc[m̀YZj]dc_]
m̂Xj]nXYf]_Z\mZbY]Yc]\̀bf]̂jjXYXcd̂h]n̂rZ\k]]�̀mZ_XdYZdjZdY]c_]dcd�nc_zXdr]pc_Z[̂d]pZZ\]̂_Z]dcY]̂hhcnZjk

������]�fZ]l_bfXYZbY]nXhh]f̂tZ]̂̀Yfc_XYg]Yc]c_jZ_][Xdc_]bf̂drZ\]Xd]YfZ]�c_z]dcY]XdtchtXdr]̂j�̀\Y[ZdY]Xd]YfZ]ocdY_̂bY]
�̀[]c_]Z�YZd\Xcd]cp]YfZ]ocdY_̂bY]�X[Z]̂dj]dcY]Xdbcd\X\YZdY]nXYf]YfZ]XdYZdY]cp]YfZ]ocdY_̂bY]scb̀[ZdY\k]�̀bf]bf̂drZ\]
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WXYZZ[\][]̂̂]_̀]a[\b[cdè̀]f[gda]d[Yfa[WXYZZ[\][\efaefh[gf[̀X][icf]d[Yfa[jgf̀dY_̀gdk[lX][jgf̀dY_̀gd[WXYZZ[_Yddb[gm̀[
Wm_X[cdè̀]f[gda]dW[ndgoǹZbk[p̂[̀X][jgf̀dY_̀gd[\]Ze]q]W[̀XỲ[̀X][ndgngW]a[oefgd[_XYfh][ef[̀X][rgds[ceZZ[Ŷ̂]_̀[̀X][
jgf̀dY_̀[tmo[gd[jgf̀dY_̀[leo]u[̀X][jgf̀dY_̀gd[WXYZZ[fg̀êb[̀X][vd_Xè]_̀[Yfa[WXYZZ[fg̀[ndg_]]a[̀g[eonZ]o]f̀[̀X][
_XYfh][ef[̀X][rgdsk

wxyz{|[p̂[_gf_]YZ]a[gd[mfsfgcf[nXbWe_YZ[_gfaèegfW[Yd][]f_gmf̀]d]a[Ỳ[̀X][Wè][̀XỲ[aê̂]d[oỲ]deYZZb[̂dgo[̀XgW][
efae_Ỳ]a[ef[̀X][jgf̀dY_̀[}g_mo]f̀W[gd[̂dgo[̀XgW][_gfaèegfW[gdaefYdeZb[̂gmfa[̀g[]~eẀu[̀X][jgf̀dY_̀[tmo[Yfa[jgf̀dY_̀[
leo][WXYZZ[\][]�mèY\Zb[Ya�mẀ]a[YW[om̀mYZZb[Yhd]]a[\]̀c]]f[̀X][icf]d[Yfa[jgf̀dY_̀gd�[ndgqea]a[̀XỲ[̀X][jgf̀dY_̀gd[
ndgqea]W[fg̀e_][̀g[̀X][icf]d[Yfa[vd_Xè]_̀[ndgoǹZb[Yfa[\]̂gd][_gfaèegfW[Yd][aeẀmd\]ak

�������xy|xxx����
wxy|{y[leo][ZeoèW[ẀỲ]a[ef[̀X][jgf̀dY_̀[}g_mo]f̀W[Yd][ĝ[̀X][]WW]f_][ĝ[̀X][jgf̀dY_̀k[�b[]~]_m̀efh[̀XeW[vhd]]o]f̀[
X̀][jgf̀dY_̀gd[_gf̂edoW[̀XỲ[̀X][jgf̀dY_̀[leo][eW[Y[d]YWgfY\Z][n]dega[̂gd[n]d̂gdoefh[̀X][rgdsk

wxy|{�[�fZ]WW[g̀X]dceW][ndgqea]au[jgf̀dY_̀[leo][eW[̀X][n]dega[ĝ[̀eo]u[ef_Zmaefh[Ym̀Xgde�]a[Ya�mẀo]f̀Wu[YZZg̀̀]a[ef[
X̀][jgf̀dY_̀[}g_mo]f̀W[̂gd[tm\ẀYf̀eYZ[jgonZ]̀egf[ĝ[̀X][rgdsk

wxy|{z[lX][̀]do[�aYb�[YW[mW]a[ef[̀X][jgf̀dY_̀[}g_mo]f̀W[WXYZZ[o]Yf[_YZ]faYd[aYb[mfZ]WW[g̀X]dceW][Wn]_êe_YZZb[
a]̂ef]ak

wxy|{|[lX][aỲ][ĝ[tm\ẀYf̀eYZ[jgonZ]̀egf[eW[̀X][aỲ][_]d̀êe]a[\b[̀X][vd_Xè]_̀[ef[Y__gdaYf_][cèX[t]_̀egf[��k�k�k

wxy|{�[p̂[̀X][jgf̀dY_̀gd[eW[a]ZYb]a[Ỳ[Yfb[̀eo][ef[̀X][_goo]f_]o]f̀[gd[ndghd]WW[ĝ[̀X][rgds[\b[���[_XYfh]W[gda]d]a[ef[
X̀][rgds�[���[\b[ZY\gd[aeWnm̀]Wu[̂ed]u[mfmWmYZ[a]ZYb[ef[a]Zeq]de]Wu[Y\fgdoYZ[Yaq]dW][c]ỲX]d[_gfaèegfW[fg̀[d]YWgfY\Zb[
Yf̀e_enỲY\Z]u[mfYqgeaY\Z][_YWmYZ̀e]Wu[gd[Yfb[_YmW]W[\]bgfa[̀X][jgf̀dY_̀gd�W[_gf̀dgZ�[gd[���[\b[g̀X]d[_YmW]W[̀XỲ[̀X][
jgf̀dY_̀gd[YWW]d̀Wu[Yfa[̀X][vd_Xè]_̀[a]̀]doef]Wu[�mẀêb[a]ZYbu[̀X]f[̀X][jgf̀dY_̀[leo][WXYZZ[\][]~̀]fa]a[̂gd[Wm_X[
d]YWgfY\Z][̀eo][YW[̀X][vd_Xè]_̀[oYb[a]̀]doef]u[Wm\�]_̀[̀g[̀X][ndgqeWegfW[ĝ[vd̀e_Z][��k

�������xy�xxx��������x���x����������
wxy�{yx��� ¡¢£ x¤¥x¦§£¢ ̈
wxy�{y{y[rX]d][̀X][jgf̀dY_̀[eW[\YW]a[gf[Y[t̀enmZỲ]a[tmo[gd[̀X][jgẀ[ĝ[̀X][rgds[cèX[Y[©mYdYf̀]]a[ªY~eomo[«de_][
nmdWmYf̀[̀g[t]_̀egf[�k�[gd[�k¬u[̀X][jgf̀dY_̀gd[WXYZZ[Wm\oè[Y[W_X]amZ][ĝ[qYZm]W[̀g[̀X][vd_Xè]_̀[\]̂gd][̀X][̂edẀ[
vnnZe_Ỳegf[̂gd[«Ybo]f̀u[YZZg_Ỳefh[̀X][]f̀ed][t̀enmZỲ]a[tmo[gd[©mYdYf̀]]a[ªY~eomo[«de_][̀g[̀X][qYdegmW[ngd̀egfW[
ĝ[̀X][rgdsk[lX][W_X]amZ][ĝ[qYZm]W[WXYZZ[\][nd]nYd]a[ef[̀X][̂gdou[Yfa[Wmnngd̀]a[\b[̀X][aỲY[̀g[Wm\ẀYf̀eỲ][èW[
Y__mdY_b[d]�med]a[\b[̀X][vd_Xè]_̀k[lXeW[W_X]amZ][ĝ[qYZm]W[WXYZZ[\][mW]a[YW[Y[\YWeW[̂gd[d]qe]cefh[̀X][jgf̀dY_̀gd�W[
vnnZe_ỲegfW[̂gd[«Ybo]f̀k

wxy�{y{�[lX][YZZg_Ỳegf[ĝ[̀X][t̀enmZỲ]a[tmo[gd[©mYdYf̀]]a[ªY~eomo[«de_][mfa]d[̀XeW[t]_̀egf[��k�[WXYZZ[fg̀[
_gfẀèm̀][Y[W]nYdỲ][ẀenmZỲ]a[Wmo[gd[hmYdYf̀]]a[oY~eomo[nde_][̂gd[]Y_X[efaeqeamYZ[Zef][è]o[ef[̀X][W_X]amZ][ĝ[
qYZm]Wk

wxy�{�x�¤®̄¤£x�̈®°±§® 
wxy�{�{y[rX]d][̀X][jgf̀dY_̀[tmo[eW[̀X][jgẀ[ĝ[̀X][rgdsu[nZmW[̀X][jgf̀dY_̀gd�W[²]][cèXgm̀[Y[©mYdYf̀]]a[ªY~eomo[
«de_][nmdWmYf̀[̀g[t]_̀egf[�k�u[̀X][jgf̀dY_̀gd[WXYZZ[nd]nYd][Yfa[Wm\oè[̀g[̀X][icf]d[Y[jgf̀dgZ[³ẀeoỲ][cèXef[�¬[aYbW[
ĝ[]~]_m̀efh[̀XeW[vhd]]o]f̀k[lX][jgf̀dgZ[³ẀeoỲ][WXYZZ[ef_Zma][̀X][]ẀeoỲ]a[jgẀ[ĝ[̀X][rgds[nZmW[̀X][jgf̀dY_̀gd�W[
²]]k

wxy�{�{�[lX][jgf̀dgZ[³ẀeoỲ][WXYZZ[ef_Zma]́
{y X̀][ag_mo]f̀W[]fmo]dỲ]a[ef[vd̀e_Z][�u[ef_Zmaefh[YZZ[ªgaêe_ỲegfW[̀X]d]̀g�
{� Y[ZeẀ[ĝ[̀X][YWWmoǹegfW[oYa][\b[̀X][jgf̀dY_̀gd[ef[̀X][nd]nYdỲegf[ĝ[̀X][jgf̀dgZ[³ẀeoỲ][̀g[

WmnnZ]o]f̀[̀X][ef̂gdoỲegf[ndgqea]a[\b[̀X][icf]d[Yfa[_gf̀Yef]a[ef[̀X][jgf̀dY_̀[}g_mo]f̀W�
{z Y[ẀỲ]o]f̀[ĝ[̀X][]ẀeoỲ]a[jgẀ[ĝ[̀X][rgds[gdhYfe�]a[\b[̀dYa][_Ỳ]hgde]W[gd[WbẀ]oW[Yfa[̀X][

jgf̀dY_̀gd�W[²]]�
{| Y[ndg�]_̀[W_X]amZ][mngf[cXe_X[̀X][jgf̀dgZ[³ẀeoỲ][eW[\YW]au[efae_Ỳefh[ndgngW]a[tm\_gf̀dY_̀gdWu[

Y_̀eqèb[W]�m]f_]W[Yfa[amdỲegfWu[oeZ]Ẁgf][aỲ]W[̂gd[d]_]eǹ[Yfa[YnndgqYZ[ĝ[n]d̀ef]f̀[ef̂gdoỲegfu[
W_X]amZ][ĝ[WXgn[adYcefhW[Yfa[WYonZ]Wu[ndg_md]o]f̀[Yfa[a]Zeq]db[ĝ[oỲ]deYZW[gd[]�meno]f̀[[̀X][
icf]d�W[g__mnYf_b[d]�med]o]f̀Wu[Yfa[̀X][aỲ][ĝ[tm\ẀYf̀eYZ[jgonZ]̀egf�[Yfa
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WX YZ[\]̂Z_̀ZYabZc_â\adeacbZYf_gâ]Z\ac[ghehZ\aẐieZj_âk_[Zl]̂\fŶeZ̀_kZ̀gk̂iekZheme[_nfeâZ_̀Zhe]\daZ
YahZc_a]̂kgĉ\_ao

pqrXWsWtZuieaẐieZj_âk_[Zl]̂\fŶeZ\]ZYccen̂Yv[eẐ_ẐieZwxaekZYahZykci\̂eĉzẐieZwxaekZ]iY[[ZYc{a_x[ehdeZ\̂Z\aZ
xk\̂\adoZ|ieZwxaek}]ZYccen̂YaceZ_̀ẐieZj_âk_[Zl]̂\fŶeZh_e]Za_̂Z\fn[bẐiŶẐieZj_âk_[Zl]̂\fŶeZc_a]̂\̂ĝe]ZYZ
~gYkYâeehZ�Y�\fgfZ�k\ceo

pqrXWsW�q|ieZj_âkYĉ_kZ]iY[[Zheme[_nZYahZ\fn[efeâZYZhêY\[ehZ]b]̂efZ_̀Zc_]̂Zc_âk_[ẐiŶZx\[[Znk_m\heẐieZwxaekZYahZ
ykci\̂eĉZx\̂iẐ\fe[bZ\à_kfŶ\_aZY]Ẑ_ẐieZYâ\c\nŶehẐ_̂Y[Zj_]̂Z_̀ẐieZu_k{oZ|ieZc_]̂Zc_âk_[Z]b]̂efZ]iY[[Zc_fnYkeZ
îeZj_âk_[Zl]̂\fŶeZx\̂iẐieZYĉgY[Zc_]̂Z̀_kZYĉ\m\̂\e]Z\aZnk_dke]]ZYahZe]̂\fŶe]Z̀_kZgac_fn[êehẐY]{]ZYahZnk_n_]ehZ
ciYade]oZ|i\]Z\à_kfŶ\_aZ]iY[[ZveZken_k̂ehẐ_ẐieZwxaekzZ\aZxk\̂\adzZa_Z[ŶekẐiYaẐieZj_âkYĉ_k}]Z̀\k]̂Zynn[\cŶ\_aZ
_̀kZ�YbfeâZYahZ]iY[[ZveZkem\]ehZYahZ]gvf\̂̂ehZx\̂iZeYciZynn[\cŶ\_aZ̀_kZ�Ybfeâo

pqrXWsWXq|ieZwxaekZ]iY[[ZYĝi_k\�eZnkenYkŶ\_aZ_̀Zkem\]\_a]Ẑ_ẐieZj_âkYĉZ�_cgfeâ]ẐiŶZ\ac_kn_kŶeẐieZ
Ydkeeh�gn_aZY]]gfn̂\_a]Zc_âY\aehZ\aẐieZj_âk_[Zl]̂\fŶeoZ|ieZwxaekZ]iY[[Znk_fn̂[bZ̀gka\]iZ]gciZkem\]ehZj_âkYĉZ
�_cgfeâ]Ẑ_ẐieZj_âkYĉ_koZ|ieZj_âkYĉ_kZ]iY[[Za_̂\̀bẐieZwxaekZYahZykci\̂eĉZ_̀ZYabZ\ac_a]\]̂eac\e]ZvêxeeaẐieZ
j_âk_[Zl]̂\fŶeZYahẐieZkem\]ehZj_âkYĉZ�_cgfeâ]o

pqrXWtq������������q���q�������
pqrXWtWrZŷZ[eY]̂ẐeaZhYb]Zvè_keẐieZhŶeZe]̂Yv[\]iehZ̀_kZeYciZnk_dke]]ZnYbfeâzẐieZj_âkYĉ_kZ]iY[[Z]gvf\̂Ẑ_ẐieZ
ykci\̂eĉZYaZ\̂ef\�ehZynn[\cŶ\_aZ̀_kZ�YbfeâZnkenYkehZ\aZYcc_khYaceZx\̂iẐieZ]ciehg[eZ_̀ZmY[ge]zZ\̀Zke�g\kehZgahekZ
�eĉ\_aZ��o�zZ̀_kZc_fn[êehZn_k̂\_a]Z_̀ẐieZu_k{oZ|ieZYnn[\cŶ\_aZ]iY[[ZveZa_̂Yk\�ehzZ\̀Zke�g\keh�ZveZ]gnn_k̂ehZvbZY[[Z
hŶYZ]gv]̂Yâ\Ŷ\adẐieZj_âkYĉ_k}]Zk\dîẐ_ZnYbfeâẐiŶẐieZwxaekZ_kZykci\̂eĉZke�g\ke�Z]iY[[Zkè[eĉZkêY\aYdeZ\̀Z
nk_m\hehZ̀_kZ\aẐieZj_âkYĉZ�_cgfeâ]�ZYahZ\ac[gheZYabZkem\]ehZc_]̂Zc_âk_[Z\à_kfŶ\_aZke�g\kehZvbZ�eĉ\_aZ��o�o�oZ
ynn[\cŶ\_a]Z̀_kZ�YbfeâZ]iY[[Za_̂Z\ac[gheZke�ge]̂]Z̀_kZnYbfeâZ̀_kZn_k̂\_a]Z_̀ẐieZu_k{Z̀_kZxi\ciẐieZj_âkYĉ_kZ
h_e]Za_̂Z\âeahẐ_ZnYbZYZ�gvc_âkYĉ_kZ_kZ]gnn[\ekzZga[e]]Z]gciZu_k{ZiY]ZveeaZnek̀_kfehZvbZ_̂iek]Zxi_fẐieZ
j_âkYĉ_kZ\âeah]Ẑ_ZnYbo

pqrXWtWsZu\̂iZeYciZynn[\cŶ\_aZ̀_kZ�YbfeâZxiekeẐieZj_âkYĉZ�gfZ\]ZvY]ehZgn_aẐieZj_]̂Z_̀ẐieZu_k{zZ_kẐieZj_]̂Z_̀Z
îeZu_k{Zx\̂iZYZ~gYkYâeehZ�Y�\fgfZ�k\cezẐieZj_âkYĉ_kZ]iY[[Z]gvf\̂ZnYbk_[[]zZnê̂bZcY]iZYcc_gâ]zZkece\n̂ehZ
\am_\ce]Z_kZ\am_\ce]Zx\̂iZciec{Zm_gciek]ZŶ̂YciehzZYahZYabZ_̂iekZem\heaceZke�g\kehZvbẐieZwxaekẐ_Zhef_a]̂kŶeẐiŶZ
cY]iZh\]vgk]efeâ]ZY[keYhbZfYheZvbẐieZj_âkYĉ_kZ_aZYcc_gâZ_̀ẐieZj_]̂Z_̀ẐieZu_k{Ze�gY[Z_kZe�ceehZnk_dke]]Z
nYbfeâ]ZY[keYhbZkece\mehZvbẐieZj_âkYĉ_kZn[g]ZZnYbk_[[]Z̀_kẐieZnek\_hZc_mekehZvbẐieZnke]eâZynn[\cŶ\_aZ̀_kZ
�YbfeâzZ[e]]ẐiŶZn_k̂\_aZ_̀ẐieZnk_dke]]ZnYbfeâ]ZŶ̂k\vĝYv[eẐ_ẐieZj_âkYĉ_k}]Z�eeo

pqrXWtWtZ�Ybfeâ]Z]iY[[ZveZfYheZ_aZYcc_gâZ_̀ZfŶek\Y[]ZYahZe�g\nfeâZhe[\mekehZYahZ]g\̂Yv[bZ]̂_kehZŶẐieZ]\̂eZ̀_kZ
]gv]e�geâZ\ac_kn_kŶ\_aZ\aẐieZu_k{oZ�̀ZYnnk_mehZ\aZYhmYaceZvbẐieZwxaekzZnYbfeâZfYbZ]\f\[Yk[bZveZfYheZ̀_kZ
fŶek\Y[]ZYahZe�g\nfeâZ]̂_kehzZYahZnk_̂eĉehZ̀k_fZhYfYdezZ_̀̀ẐieZ]\̂eZŶZYZ[_cŶ\_aZYdkeehZgn_aZ\aZxk\̂\adoZ

pqrXWtW�Z|ieZj_âkYĉ_kZxYkkYâ]ẐiŶẐ\̂[eẐ_ZY[[Zu_k{Zc_mekehZvbZYaZynn[\cŶ\_aZ̀_kZ�YbfeâZx\[[ZnY]]Ẑ_ẐieZwxaekZ
a_Z[ŶekẐiYaẐieẐ\feZ_̀ZnYbfeâoZ|ieZj_âkYĉ_kZ̀gk̂iekZxYkkYâ]ẐiŶZgn_aZ]gvf\̂̂Y[Z_̀ZYaZynn[\cŶ\_aZ̀_kZ�YbfeâZ
Y[[Zu_k{Z̀_kZxi\ciZjek̂\̀\cŶe]Z̀_kZ�YbfeâZiYmeZveeaZnkem\_g][bZ\]]gehZYahZnYbfeâ]Zkece\mehZ̀k_fẐieZwxaekZ]iY[[zZ
_̂ẐieZve]̂Z_̀ẐieZj_âkYĉ_k}]Z{a_x[ehdezZ\à_kfŶ\_aZYahZve[\èzZveZ̀keeZYahZc[eYkZ_̀Z[\ea]zZc[Y\f]zZ]ecgk\̂bZ\âeke]̂]Z
_kZ_̂iekZeacgfvkYace]ZYhmek]eẐ_ẐieZwxaek}]Z\âeke]̂]o

pqrXW�q������������q���q�������
pqrXW�WrZ|ieZykci\̂eĉZx\[[zZx\̂i\aZ]emeaZhYb]ZỲ̂ekZkece\n̂Z_̀ẐieZj_âkYĉ_k}]Zynn[\cŶ\_aZ̀_kZ�YbfeâzZe\̂iekZ\]]geẐ_Z
îeZwxaekZYZjek̂\̀\cŶeZ̀_kZ�YbfeâzZx\̂iZYZc_nbẐ_ẐieZj_âkYĉ_kzZ̀_kZ]gciZYf_gâZY]ẐieZykci\̂eĉZhêekf\ae]Z\]Z
nk_nek[bZhgezZ_kZa_̂\̀bẐieZj_âkYĉ_kZYahZwxaekZ_̀ẐieZykci\̂eĉ}]ZkeY]_a]Z̀_kZx\̂ii_[h\adZcek̂\̀\cŶ\_aZ\aZxi_[eZ_kZ\aZ
nYk̂ZY]Znk_m\hehZ\aZ�eĉ\_aZ��o�o o

pqrXW�WsZ|ieZ\]]gYaceZ_̀ZYZjek̂\̀\cŶeZ̀_kZ�YbfeâZx\[[Zc_a]̂\̂ĝeZYZkenke]eâŶ\_aZvbẐieZykci\̂eĉẐ_ẐieZwxaekzZvY]ehZ
_aẐieZykci\̂eĉ}]ZemY[gŶ\_a]Z_̀ẐieZu_k{ZYahẐieZhŶYZ\aẐieZynn[\cŶ\_aZ̀_kZ�YbfeâzẐiŶzẐ_ẐieZve]̂Z_̀ẐieZ
ykci\̂eĉ}]Z{a_x[ehdezZ\à_kfŶ\_azZYahZve[\èzẐieZu_k{ZiY]Znk_dke]]ehẐ_ẐieZn_\âZ\ah\cŶehzẐieZ�gY[\̂bZ_̀ẐieZ
u_k{Z\]Z\aZYcc_khYaceZx\̂iẐieZj_âkYĉZ�_cgfeâ]zZYahẐieZj_âkYĉ_kZ\]Zeâ\̂[ehẐ_ZnYbfeâZ\aẐieZYf_gâZcek̂\̀\ehoZ
|ieZ̀_ked_\adZkenke]eâŶ\_a]ZYkeZ]gv¡eĉẐ_ZYaZemY[gŶ\_aZ_̀ẐieZu_k{Z̀_kZc_à_kfYaceZx\̂iẐieZj_âkYĉZ�_cgfeâ]Z
gn_aZ�gv]̂Yâ\Y[Zj_fn[ê\_azẐ_Zke]g[̂]Z_̀Z]gv]e�geâẐe]̂]ZYahZ\a]neĉ\_a]zẐ_Zc_kkeĉ\_aZ_̀Zf\a_kZhem\Ŷ\_a]Z̀k_fẐieZ
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WXYZ[\]Ẑ_X]̀abYZĉd[eX[̂ZX̂]XadfbZeXŶ\YĝZX̂cdb]ehe]̂ì\fehe]\ZeXYĉbjd[bccbĝkl̂Zmb̂n[]meZb]ZôpXqbrb[ŝZmb̂
ecc̀\Y]b̂Xĥ\̂Wb[Zehe]\Zb̂hX[̂t\labYẐqeff̂YXẐkb̂\̂[bd[bcbYZ\ZeXŶZm\ẐZmb̂n[]meZb]Ẑm\ĉuvŵa\gb̂bjm\̀cZerb̂X[̂
]XYZeỲX̀ĉXYxceZb̂eYcdb]ZeXYĉZX̂]mb]ŷZmb̂ì\feZl̂X[̂ì\YZeZl̂XĥZmb̂zX[y{̂u|ŵ[brebqbĝ]XYcZ[̀]ZeXŶab\Ycŝ
abZmXgcŝZb]mYeìbcŝcbìbY]bcŝX[̂d[X]bg̀[bc{̂u}ŵ[brebqbĝ]XdebĉXĥ[bìeceZeXYĉ[b]berbĝh[Xâ~̀k]XYZ[\]ZX[ĉ\Yĝ
c̀ddfeb[ĉ\YĝXZmb[̂g\Z\̂[bìbcZbĝkl̂Zmb̂�qYb[̂ZX̂c̀kcZ\YZe\Zb̂Zmb̂WXYZ[\]ZX[�ĉ[e�mẐZX̂d\labYZ{̂X[̂u�ŵa\gb̂
bj\aeY\ZeXŶZX̂\c]b[Z\eŶmXq̂X[̂hX[̂qm\Ẑd̀[dXcb̂Zmb̂WXYZ[\]ZX[̂m\ĉ̀cbĝaXYbl̂d[breX̀cfl̂d\eĝXŶ\]]X̀YẐXĥZmb̂
WXYZ[\]Ẑ~̀ao

��������̂�mb̂n[]meZb]Ẑa\l̂qeZmmXfĝ\̂Wb[Zehe]\Zb̂hX[̂t\labYẐeŶqmXfb̂X[̂eŶd\[ZŝZX̂Zmb̂bjZbYẐ[b\cXY\kfl̂Yb]bcc\[l̂
ZX̂d[XZb]ẐZmb̂�qYb[ŝeĥeŶZmb̂n[]meZb]Z�ĉXdeYeXŶZmb̂[bd[bcbYZ\ZeXYĉZX̂Zmb̂�qYb[̂[bìe[bĝkl̂~b]ZeXŶv�o�o|̂]\YYXẐ
kb̂a\gbô�ĥZmb̂n[]meZb]Ẑeĉ̀Y\kfb̂ZX̂]b[Zehl̂d\labYẐeŶZmb̂\aX̀YẐXĥZmb̂nddfe]\ZeXYŝZmb̂n[]meZb]Ẑqeff̂YXZehl̂Zmb̂
WXYZ[\]ZX[̂\Yĝ�qYb[̂\ĉd[XregbĝeŶ~b]ZeXŶv�o�ovô�ĥZmb̂WXYZ[\]ZX[̂\YĝZmb̂n[]meZb]Ẑ]\YYXẐ\�[bb̂XŶ\̂[brecbĝ
\aX̀YZŝZmb̂n[]meZb]Ẑqeff̂d[XadZfl̂ecc̀b̂\̂Wb[Zehe]\Zb̂hX[̂t\labYẐhX[̂Zmb̂\aX̀YẐhX[̂qme]m̂Zmb̂n[]meZb]Ẑeĉ\kfb̂ZX̂
a\yb̂c̀]m̂[bd[bcbYZ\ZeXYĉZX̂Zmb̂�qYb[ô�mb̂n[]meZb]Ẑa\l̂\fcX̂qeZmmXfĝ\̂Wb[Zehe]\Zb̂hX[̂t\labYẐX[ŝkb]\̀cb̂Xĥ
c̀kcbìbYZfl̂gec]Xrb[bĝbregbY]bŝa\l̂Ỳffehl̂Zmb̂qmXfb̂X[̂\̂d\[ẐXĥ\̂Wb[Zehe]\Zb̂hX[̂t\labYẐd[breX̀cfl̂ecc̀bgŝZX̂
c̀]m̂bjZbYẐ\ĉa\l̂kb̂Yb]bcc\[l̂eŶZmb̂n[]meZb]Z�ĉXdeYeXŶZX̂d[XZb]ẐZmb̂�qYb[̂h[XâfXcĉhX[̂qme]m̂Zmb̂WXYZ[\]ZX[̂eĉ
[bcdXYcekfbŝeY]f̀geY�̂fXcĉ[bc̀fZeY�̂h[Xâ\]Zĉ\YĝXaecceXYĉgbc][ekbĝeŶ~b]ZeXŶ�o|o|ŝkb]\̀cb̂Xh

�� gbhb]Zerb̂zX[ŷYXẐ[babgebg{
�� Zme[gxd\[Zl̂]f\eaĉhefbĝX[̂[b\cXY\kfb̂bregbY]b̂eYge]\ZeY�̂d[Xk\kfb̂hefeY�̂Xĥc̀]m̂]f\eaĉ̀Yfbcĉcb]̀[eZl̂

\]]bdZ\kfb̂ZX̂Zmb̂�qYb[̂eĉd[Xregbĝkl̂Zmb̂WXYZ[\]ZX[{
�� h\ef̀[b̂XĥZmb̂WXYZ[\]ZX[̂ZX̂a\yb̂d\labYZĉd[Xdb[fl̂ZX̂~̀k]XYZ[\]ZX[ĉX[̂c̀ddfeb[ĉhX[̂f\kX[ŝa\Zb[e\fĉ

X[̂bìedabYZ{
�� [b\cXY\kfb̂bregbY]b̂Zm\ẐZmb̂zX[ŷ]\YYXẐkb̂]XadfbZbĝhX[̂Zmb̂̀Yd\eĝk\f\Y]b̂XĥZmb̂WXYZ[\]Ẑ~̀a{
�� g\a\�b̂ZX̂Zmb̂�qYb[̂X[̂\̂~bd\[\Zb̂WXYZ[\]ZX[{
�� [b\cXY\kfb̂bregbY]b̂Zm\ẐZmb̂zX[ŷqeff̂YXẐkb̂]XadfbZbĝqeZmeŶZmb̂WXYZ[\]Ẑ�eab̂\YĝZm\ẐZmb̂̀Yd\eĝ

k\f\Y]b̂qX̀fĝYXẐkb̂\gbì\Zb̂ZX̂]Xrb[̂\]Z̀\f̂X[̂feìeg\Zbĝg\a\�bĉhX[̂Zmb̂\YZe]ed\Zbĝgbf\l{̂X[
�� [bdb\Zbĝh\ef̀[b̂ZX̂]\[[l̂X̀ẐZmb̂zX[ŷeŶ\]]X[g\Y]b̂qeZm̂Zmb̂WXYZ[\]Ẑ_X]̀abYZco

��������̂zmbŶbeZmb[̂d\[Zl̂gecd̀ZbĉZmb̂n[]meZb]Z�ĉgb]eceXŶ[b�\[geY�̂\̂Wb[Zehe]\Zb̂hX[̂t\labYẐ̀Ygb[̂~b]ZeXŶv�o�o}ŝ
eŶqmXfb̂X[̂eŶd\[ZŝZm\Ẑd\[Zl̂a\l̂c̀kaeẐ\̂Wf\eâeŶ\]]X[g\Y]b̂qeZm̂n[Ze]fb̂|vo

������������������������
��������̂�mb̂WXYZ[\]ZX[̂cm\ff̂d\l̂b\]m̂~̀k]XYZ[\]ZX[ŝYX̂f\Zb[̂Zm\ŶcbrbŶg\lĉ\hZb[̂[b]bedẐXĥd\labYẐh[XâZmb̂
�qYb[ŝZmb̂\aX̀YẐZX̂qme]m̂Zmb̂~̀k]XYZ[\]ZX[̂eĉbYZeZfbgŝ[bhfb]ZeY�̂db[]bYZ\�bĉ\]Z̀\ffl̂[bZ\eYbĝh[Xâd\labYZĉZX̂
Zmb̂WXYZ[\]ZX[̂XŶ\]]X̀YẐXĥZmb̂~̀k]XYZ[\]ZX[�ĉdX[ZeXŶXĥZmb̂zX[yô�mb̂WXYZ[\]ZX[̂cm\ffŝkl̂\dd[Xd[e\Zb̂\�[bbabYẐ
qeZm̂b\]m̂~̀k]XYZ[\]ZX[ŝ[bìe[b̂b\]m̂~̀k]XYZ[\]ZX[̂ZX̂a\yb̂d\labYZĉZX̂c̀kxc̀k]XYZ[\]ZX[ĉeŶ\̂ceaef\[̂a\YYb[o

��������̂�beZmb[̂Zmb̂�qYb[̂YX[̂n[]meZb]Ẑcm\ff̂m\rb̂\ŶXkfe�\ZeXŶZX̂d\l̂X[̂cbb̂ZX̂Zmb̂d\labYẐXĥaXYbl̂ZX̂\̂
~̀k]XYZ[\]ZX[̂X[̂c̀ddfeb[̂bj]bdẐ\ĉa\l̂XZmb[qecb̂kb̂[bìe[bĝkl̂f\qo

��������̂n̂Wb[Zehe]\Zb̂hX[̂t\labYZŝ\̂d[X�[bcĉd\labYZŝX[̂d\[Ze\f̂X[̂bYZe[b̂̀cb̂X[̂X]]̀d\Y]l̂XĥZmb̂t[X�b]Ẑkl̂Zmb̂
�qYb[̂cm\ff̂YXẐ]XYcZeZ̀Zb̂\]]bdZ\Y]b̂XĥzX[ŷYXẐeŶ\]]X[g\Y]b̂qeZm̂Zmb̂WXYZ[\]Ẑ_X]̀abYZco

��������̂t[XregbĝZmb̂�qYb[̂m\ĉh̀fheffbĝeZĉd\labYẐXkfe�\ZeXYĉ̀Ygb[̂Zmb̂WXYZ[\]Ẑ_X]̀abYZcŝZmb̂WXYZ[\]ZX[̂cm\ff̂
gbhbYĝ\YĝeYgbaYehl̂Zmb̂�qYb[̂h[Xâ\ff̂fXccŝfe\kefeZlŝg\a\�b̂X[̂bjdbYcbŝeY]f̀geY�̂[b\cXY\kfb̂\ZZX[Ybl�ĉhbbĉ\Yĝ
feZe�\ZeXŶbjdbYcbcŝ\[eceY�̂X̀ẐXĥ\Yl̂febŶ]f\eâX[̂XZmb[̂]f\eâhX[̂d\labYẐkl̂\Yl̂~̀k]XYZ[\]ZX[̂X[̂c̀ddfeb[̂Xĥ\Yl̂
Zeb[ô�dXŶ[b]bedẐXĥYXZe]b̂Xĥ\̂febŶ]f\eâX[̂XZmb[̂]f\eâhX[̂d\labYZŝZmb̂�qYb[̂cm\ff̂YXZehl̂Zmb̂WXYZ[\]ZX[ô�ĥ
\dd[Xrbĝkl̂Zmb̂\ddfe]\kfb̂]X̀[ZŝqmbŶ[bìe[bgŝZmb̂WXYZ[\]ZX[̂a\l̂c̀kcZeZ̀Zb̂\̂c̀[bZl̂kXYĝhX[̂Zmb̂d[Xdb[Zl̂\�\eYcẐ
qme]m̂Zmb̂febŶX[̂XZmb[̂]f\eâhX[̂d\labYẐm\ĉkbbŶ\ccb[Zbgo

�������� ¡�����¢�£�¤��¥£��¢��
��������̂~̀kcZ\YZe\f̂WXadfbZeXŶeĉZmb̂cZ\�b̂eŶZmb̂d[X�[bcĉXĥZmb̂zX[ŷqmbŶZmb̂zX[ŷX[̂gbce�Y\ZbĝdX[ZeXŶZmb[bXĥ
eĉc̀hhe]ebYZfl̂]XadfbZb̂eŶ\]]X[g\Y]b̂qeZm̂Zmb̂WXYZ[\]Ẑ_X]̀abYZĉcX̂Zm\ẐZmb̂�qYb[̂]\ŶX]]̀dl̂X[̂̀Zefe¦b̂Zmb̂zX[ŷ
hX[̂eZĉeYZbYgbĝ̀ cbo

��������̂zmbŶZmb̂WXYZ[\]ZX[̂]XYcegb[ĉZm\ẐZmb̂zX[yŝX[̂\̂dX[ZeXŶZmb[bXĥqme]m̂Zmb̂�qYb[̂\�[bbĉZX̂\]]bdẐ
cbd\[\Zbflŝeĉc̀kcZ\YZe\ffl̂]XadfbZbŝZmb̂WXYZ[\]ZX[̂cm\ff̂d[bd\[b̂\Yĝc̀kaeẐZX̂Zmb̂n[]meZb]Ẑ\̂]Xad[bmbYcerb̂fecẐXĥ
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XYZ[\]Ŷ]_Z]̀̂[abZYZc]̂d]̀̂ddZ̀YZc]adX̂d]Ŷ]eXfgb]agh[ZfYi]jgXbkdZ]Ŷ]Xf̀bkcZ]gf]XYZ[]̂f]\k̀l]bX\Y]ĉZ\]f̂Y]gbYZd]YlZ]
dZ\âf\X_XbXYh]̂e]YlZ]m̂fYdg̀Ŷd]Ŷ]̀̂[abZYZ]gbb]n d̂o]Xf]g̀`̂dcgf̀Z]pXYl]YlZ]m̂fYdg̀Y]q̂ k̀[ZfY\i

rstuvwvx]yâf]dZ̀ZXaY]̂e]YlZ]m̂fYdg̀Ŷdz\]bX\Y{]YlZ]|d̀lXYZ̀Y]pXbb][goZ]gf]Xf\aZ̀YX̂f]Ŷ]cZYZd[XfZ]plZYlZd]YlZ]n d̂o]̂d]
cZ\X}fgYZc]âdYX̂f]YlZdẐe]X\]\k_\YgfYXgbbh]̀̂[abZYZi]nlZf]YlZ]|d̀lXYZ̀Y]cZYZd[XfZ\]YlgY]YlZ]n d̂o]̂d]cZ\X}fgYZc]
âdYX̂f]YlZdẐe]X\]\k_\YgfYXgbbh]̀̂[abZYZ{]YlZ]|d̀lXYZ̀Y]pXbb]X\\kZ]g]mZdYXeX̀gYZ]̂e]~k_\YgfYXgb]m̂[abZYX̂f]plX̀l]\lgbb]
Z\Yg_bX\l]YlZ]cgYZ]̂e]~k_\YgfYXgb]m̂[abZYX̂f�]Z\Yg_bX\l]dZ\âf\X_XbXYXZ\]̂e]YlZ]�pfZd]gfc]m̂fYdg̀Ŷd]êd]\Z̀kdXYh{]
[gXfYZfgf̀Z{]lZgY{]kYXbXYXZ\{]cg[g}Z]Ŷ]YlZ]n d̂o]gfc]Xf\kdgf̀Z�]gfc]eX�]YlZ]YX[Z]pXYlXf]plX̀l]YlZ]m̂fYdg̀Ŷd]\lgbb]
eXfX\l]gbb]XYZ[\]̂f]YlZ]bX\Y]g̀`̂[agfhXf}]YlZ]mZdYXeX̀gYZi]ngddgfYXZ\]dZ�kXdZc]_h]YlZ]m̂fYdg̀Y]q̂ k̀[ZfY\]\lgbb]
`̂[[Zf̀Z]̂f]YlZ]cgYZ]̂e]~k_\YgfYXgb]m̂[abZYX̂f]̂e]YlZ]n d̂o]̂d]cZ\X}fgYZc]âdYX̂f]YlZdẐe]kfbZ\\]̂YlZdpX\Z]ad̂�XcZc]
Xf]YlZ]mZdYXeX̀gYZ]̂e]~k_\YgfYXgb]m̂[abZYX̂fi

rstuvwv�]�lZ]mZdYXeX̀gYZ]̂e]~k_\YgfYXgb]m̂[abZYX̂f]\lgbb]_Z]\k_[XYYZc]Ŷ]YlZ]�pfZd]gfc]m̂fYdg̀Ŷd]êd]YlZXd]pdXYYZf]
g̀ Z̀aYgf̀Z]̂e]dZ\âf\X_XbXYXZ\]g\\X}fZc]Ŷ]YlZ[]Xf]YlZ]mZdYXeX̀gYZi]yâf]\k̀l]g̀ Z̀aYgf̀Z]gfc]̀̂f\ZfY]̂e]\kdZYh{]Xe]gfh{]
YlZ]�pfZd]\lgbb][goZ]agh[ZfY]̂e]dZYgXfg}Z]gaabhXf}]Ŷ]YlZ]n d̂o]̂d]cZ\X}fgYZc]âdYX̂f]YlZdẐei]~k̀l]agh[ZfY]\lgbb]_Z]
gc�k\YZc]êd]n d̂o]YlgY]X\]Xf̀ [̂abZYZ]̂d]f̂Y]Xf]g̀`̂dcgf̀Z]pXYl]YlZ]dZ�kXdZ[ZfY\]̂e]YlZ]m̂fYdg̀Y]q̂ k̀[ZfY\i

rstuv�s�����s����������s���s�����s�������
rstuv�vt]yâf]dZ̀ZXaY]̂e]YlZ]m̂fYdg̀Ŷdz\]f̂YX̀Z]YlgY]YlZ]n d̂o]X\]dZgch]êd]eXfgb]Xf\aZ̀YX̂f]gfc]g̀ Z̀aYgf̀Z]gfc]kâf]
dZ̀ZXaY]̂e]g]eXfgb]|aabX̀gYX̂f]êd]�gh[ZfY{]YlZ]|d̀lXYZ̀Y]pXbb]ad̂[aYbh][goZ]\k̀l]Xf\aZ̀YX̂f]gfc{]plZf]YlZ]|d̀lXYZ̀Y]
eXfc\]YlZ]n d̂o]g̀ Z̀aYg_bZ]kfcZd]YlZ]m̂fYdg̀Y]q̂ k̀[ZfY\]gfc]YlZ]m̂fYdg̀Y]ekbbh]aZdêd[Zc{]YlZ]|d̀lXYZ̀Y]pXbb]
ad̂[aYbh]X\\kZ]g]eXfgb]mZdYXeX̀gYZ]êd]�gh[ZfY]\YgYXf}]YlgY]Ŷ]YlZ]_Z\Y]̂e]YlZ]|d̀lXYZ̀Yz\]of̂pbZc}Z{]Xfêd[gYX̂f]gfc]
_ZbXZe{]gfc]̂f]YlZ]_g\X\]̂e]YlZ]|d̀lXYZ̀Yz\]̂f�\XYZ]�X\XY\]gfc]Xf\aZ̀YX̂f\{]YlZ]n d̂o]lg\]_ZZf]̀̂[abZYZc]Xf]g̀`̂dcgf̀Z]
pXYl]YlZ]m̂fYdg̀Y]q̂ k̀[ZfY\]gfc]YlgY]YlZ]ZfYXdZ]_gbgf̀Z]êkfc]Ŷ]_Z]ckZ]YlZ]m̂fYdg̀Ŷd]gfc]f̂YZc]Xf]YlZ]eXfgb]
mZdYXeX̀gYZ]X\]ckZ]gfc]aghg_bZi]�lZ]|d̀lXYZ̀Yz\]eXfgb]mZdYXeX̀gYZ]êd]�gh[ZfY]pXbb]̀̂f\YXYkYZ]g]ekdYlZd]dZadZ\ZfYgYX̂f]
YlgY]̀̂fcXYX̂f\]\YgYZc]Xf]~Z̀YX̂f]��i�i�]g\]adZ̀ZcZfY]Ŷ]YlZ]m̂fYdg̀Ŷdz\]_ZXf}]ZfYXYbZc]Ŷ]eXfgb]agh[ZfY]lg�Z]_ZZf]
ekbeXbbZci

rstuv�v�]jXfgb]agh[ZfY]\lgbb]f̂Y]_Z̀ [̂Z]ckZ]kfYXb]YlZ]m̂fYdg̀Ŷd]lg\]cZbX�ZdZc]Ŷ]YlZ]�pfZd]g]̀̂[abZYZ]dZbZg\Z]̂e]gbb]
bXZf\]gdX\Xf}]̂kY]̂e]YlX\]m̂fYdg̀Y]̂d]dZ̀ZXaY\]Xf]ekbb]̀̂�ZdXf}]gbb]bg_̂d{][gYZdXgb\]gfc]Z�kXa[ZfY]êd]plX̀l]g]bXZf]̀̂kbc]_Z]
eXbZc{]̂d]g]_̂fc]\gYX\eg̀Ŷdh]Ŷ]YlZ]�pfZd]Ŷ]XfcZ[fXeh]YlZ]�pfZd]g}gXf\Y]\k̀l]bXZfi]�e]\k̀l]bXZf]dZ[gXf\]kf\gYX\eXZc]
geYZd]agh[ZfY\]gdZ][gcZ{]YlZ]m̂fYdg̀Ŷd]\lgbb]dZekfc]Ŷ]YlZ]�pfZd]gbb][̂ fZh]YlgY]YlZ]�pfZd][gh]_Z]̀̂[aZbbZc]Ŷ]agh]
Xf]cX\̀lgd}Xf}]\k̀l]bXZf{]Xf̀bkcXf}]̀̂\Y\]gfc]dZg\̂fg_bZ]gYŶdfZh\z]eZZ\i

rstuv�vx]�lZ][goXf}]̂e]eXfgb]agh[ZfY]\lgbb]̀̂f\YXYkYZ]g]pgX�Zd]̂e]̀bgX[\]_h]YlZ]�pfZd]Z�̀ZaY]Yl̂\Z]gdX\Xf}]ed̂[
vt bXZf\{]̀bgX[\{]\Z̀kdXYh]XfYZdZ\Y\]̂d]Zf̀k[_dgf̀Z\]gdX\Xf}]̂kY]̂e]YlZ]m̂fYdg̀Y]gfc]kf\ZYYbZc�
v� egXbkdZ]̂e]YlZ]n d̂o]Ŷ]̀̂[abh]pXYl]YlZ]dZ�kXdZ[ZfY\]̂e]YlZ]m̂fYdg̀Y]q̂ k̀[ZfY\�
vx YZd[\]̂e]\aZ̀Xgb]pgddgfYXZ\]dZ�kXdZc]_h]YlZ]m̂fYdg̀Y]q̂ k̀[ZfY\�]̂d
v� gkcXY\]aZdêd[Zc]_h]YlZ]�pfZd{]Xe]aZd[XYYZc]_h]YlZ]m̂fYdg̀Y]q̂ k̀[ZfY\{]geYZd]eXfgb]agh[ZfYi

rstuv�v�]|̀ Z̀aYgf̀Z]̂e]eXfgb]agh[ZfY]_h]YlZ]m̂fYdg̀Ŷd{]g]~k_̀ f̂Ydg̀Ŷd]̂d]\kaabXZd]\lgbb]̀̂f\YXYkYZ]g]pgX�Zd]̂e]̀bgX[\]
_h]YlgY]aghZZ]Z�̀ZaY]Yl̂\Z]adZ�X̂k\bh][gcZ]Xf]pdXYXf}]gfc]XcZfYXeXZc]_h]YlgY]aghZZ]g\]kf\ZYYbZc]gY]YlZ]YX[Z]̂e]YlZ]eXfgb]
|aabX̀gYX̂f]êd]�gh[ZfYi

�� ¡�¢£stwsss��¤ £� ¡¤¥s¤�s�£�¦¤¥¦s�¥§s��¤�£� ̈
rstwvts¦�©���s�ª�«�¬����s���s�ª�®ª��
�lZ]m̂fYdg̀Ŷd]\lgbb]_Z]dZ\âf\X_bZ]êd]XfXYXgYXf}{][gXfYgXfXf}{]gfc]\kaZd�X\Xf}]gbb]\geZYh]adZ̀gkYX̂f\]gfc]ad̂}dg[\]Xf]
`̂ffZ̀YX̂f]pXYl]YlZ]aZdêd[gf̀Z]̂e]YlZ]m̂fYdg̀Yi]�lZ]m̂fYdg̀Ŷd]\lgbb]YgoZ]dZg\̂fg_bZ]adZ̀gkYX̂f\]êd]\geZYh]̂e{]gfc]
\lgbb]ad̂�XcZ]dZg\̂fg_bZ]ad̂YZ̀YX̂f]Ŷ]adZ�ZfY]cg[g}Z{]Xf�kdh{]̂d]b̂\\]Ŷ

vt Z[ab̂hZZ\]̂f]YlZ]n d̂o]gfc]̂YlZd]aZd\̂f\]pl̂][gh]_Z]geeZ̀YZc]YlZdZ_h�
v� YlZ]n d̂o]gfc][gYZdXgb\]gfc]Z�kXa[ZfY]Ŷ]_Z]Xf̀ d̂âdgYZc]YlZdZXf{]plZYlZd]Xf]\Ŷdg}Z]̂f]̂d]̂ee]YlZ]\XYZ{]

kfcZd]̀gdZ{]̀k\Ŷch{]̂d]̀̂fYd̂b]̂e]YlZ]m̂fYdg̀Ŷd{]g]~k_̀ f̂Ydg̀Ŷd{]̂d]g]~k_�\k_̀ f̂Ydg̀Ŷd�]gfc
vx ŶlZd]ad̂aZdYh]gY]YlZ]\XYZ]̂d]gc�g̀ZfY]YlZdZŶ{]\k̀l]g\]YdZZ\{]\ldk_\{]bgpf\{]pgbo\{]ag�Z[ZfY\{]d̂gcpgh\{]

\Ydk̀YkdZ\]gfc]kYXbXYXZ\]f̂Y]cZ\X}fgYZc]êd]dZ[̂ �gb{]dZb̂̀gYX̂f{]̂d]dZabg̀Z[ZfY]Xf]YlZ]̀̂kd\Z]̂e]
`̂f\Ydk̀YX̂fi
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WXYZ[\]̂_̀â\_ZbX̀ccZa\decfZgĥXiZ̀]jZkhlYZ]\̂haYbZ_Ymnh_YjZofiZ̀eechàocYZc̀gbiZb̂̀ n̂̂YbiZ\_jh]̀]aYbiZa\jYbiZ_ncYbZ̀]jZ
_Yknc̀̂h\]biZ̀]jZc̀gpncZ\_jY_bZ\pZenochaZ̀n̂X\_ĥhYbZoỲ_h]kZ\]Zb̀pŶfZ\pZeY_b\]bZ̀]jZe_\eY_̂fZ̀]jẐXYh_Ze_\̂Yâh\]Zp_\dZ
j̀d̀kYiZh]qn_fiZ\_Zc\bbrZWXYZ[\]̂_̀â\_ZbX̀ccZe_\dêcfZ_YdYjfZj̀d̀kYZ̀]jZc\bbẐ\Ze_\eY_̂fZànbYjZh]ZgX\cYZ\_Zh]Zè_̂Z
ofẐXYZ[\]̂_̀â\_iZ̀Zsnoa\]̂_̀â\_iZ̀Zbnotbnoa\]̂_̀â\_iZ\_Z̀]f\]YZjh_YâcfZ\_Zh]jh_YâcfZYdec\fYjZofZ̀]fZ\pẐXYdiZ\_Z
ofZ̀]f\]YZp\_ZgX\bYZ̀âbẐXYfZd̀fZoYZch̀ocYZ̀]jZp\_ZgXhaXẐXYZ[\]̂_̀â\_ZhbZ_Ybe\]bhocYZn]jY_ZsYâh\]bZuvrurwZ̀]jZ
uvrurxrZWXYZ[\]̂_̀â\_Zd̀fZd̀yYZ̀Zac̀hdZp\_ẐXYZa\b̂Ẑ\Z_YdYjfẐXYZj̀d̀kYZ\_Zc\bbẐ\ẐXYZYẑY]̂ZbnaXZj̀d̀kYZ\_Zc\bbZ
hbZ̀̂ _̂hon̂̀ocYẐ\Z̀âbZ\_Z\dhbbh\]bZ\pẐXYZ{g]Y_Z\_Z|_aXĥYâZ\_ZofZ̀]f\]YZp\_ZgX\bYZ̀âbZYĥXY_Z\pẐXYdZd̀fZoYZch̀ocYiZ
]̀jZ]\̂Z̀̂ _̂hon̂̀ocYẐ\ẐXYZp̀nĉZ\_Z]YkchkY]aYZ\pẐXYZ[\]̂_̀â\_rZWXYZp\_Yk\h]kZ\ochk̀ ĥ\]bZ\pẐXYZ[\]̂_̀â\_Z̀_YZh]Z
j̀jĥh\]Ẑ\ẐXYZ[\]̂_̀â\_}bZ\ochk̀ ĥ\]bZn]jY_ZsYâh\]Z~ru�r

�����������������������������������������
��������ZWXYZ[\]̂_̀â\_ZhbZ_Ybe\]bhocYZp\_Za\dech̀]aYZgĥXẐXYZ_Ymnh_YdY]̂bZ\pẐXYZ[\]̂_̀âZ�\andY]̂bZ_Yk̀_jh]kZ
X̀�̀_j\nbZd̀ Ŷ_h̀cbZ\_Zbnob̂̀]aYbrZ�pẐXYZ[\]̂_̀â\_ZY]a\n]̂Y_bZ̀ZX̀�̀_j\nbZd̀ Ŷ_h̀cZ\_Zbnob̂̀]aYZ]\̂Z̀jj_YbbYjZh]ẐXYZ
[\]̂_̀âZ�\andY]̂biZ̀]jZhpZ_Ỳb\]̀ocYZe_Yàn̂h\]bZghccZoYZh]̀jYmǹ ŶẐ\Ze_YlY]̂Zp\_YbYỲocYZo\jhcfZh]qn_fZ\_ZjỲX̂Ẑ\Z
eY_b\]bZ_Ybnĉh]kZp_\dZ̀Zd̀ Ŷ_h̀cZ\_Zbnob̂̀]aYiZh]acnjh]kZon̂Z]\̂ZchdĥYjẐ\Z̀boYb̂\bZ\_Ze\cfaXc\_h]̀ ŶjZoheXY]fcZ
��[��iZY]a\n]̂Y_YjZ\]ẐXYZbĥYZofẐXYZ[\]̂_̀â\_iẐXYZ[\]̂_̀â\_ZbX̀cciZne\]Z_Ya\k]h�h]kẐXYZa\]jĥh\]iZhddYjh̀̂YcfZ
b̂\eZ�\_yZh]ẐXYZ̀ppYâYjZ̀_ỲZ̀]jZ]\̂hpfẐXYZ{g]Y_Z̀]jZ|_aXĥYâZ\pẐXYZa\]jĥh\]rZ�XY]ẐXYZd̀ Ŷ_h̀cZ\_Zbnob̂̀]aYZ
X̀bZoYY]Z_Y]jY_YjZX̀_dcYbbiZ�\_yZh]ẐXYZ̀ppYâYjZ̀_ỲZbX̀ccZ_YbndYZne\]Zg_ĥ̂Y]Z̀k_YYdY]̂Z\pẐXYZ{g]Y_Z̀]jZ
[\]̂_̀â\_rZ�fZ[X̀]kYZ{_jY_iẐXYZ[\]̂_̀âZWhdYZbX̀ccZoYZYẑY]jYjZ̀ee_\e_h̀̂YcfZ̀]jẐXYZ[\]̂_̀âZsndZbX̀ccZoYZ
h]a_ỲbYjZh]ẐXYZ̀d\n]̂Z\pẐXYZ[\]̂_̀â\_}bZ_Ỳb\]̀ocYZ̀jjĥh\]̀cZa\b̂bZ\pZbXn̂j\g]iZjYc̀fiZ̀]jZb̂̀_̂tner

��������ZW\ẐXYZpnccYb̂ZYẑY]̂ZeY_dĥ̂YjZofZc̀giẐXYZ{g]Y_ZbX̀ccZh]jYd]hpfZ̀]jZX\cjZX̀_dcYbbẐXYZ[\]̂_̀â\_iZ
snoa\]̂_̀â\_biZ|_aXĥYâiZ|_aXĥYâ}bZa\]bnĉ̀]̂biZ̀]jZ̀kY]̂bZ̀]jZYdec\fYYbZ\pZ̀]fZ\pẐXYdZp_\dZ̀]jZ̀k̀h]b̂Zac̀hdbiZ
j̀d̀kYbiZc\bbYbiZ̀]jZYzeY]bYbiZh]acnjh]kZon̂Z]\̂ZchdĥYjẐ\Z̀̂ \̂_]Yfb}ZpYYbiZ̀_hbh]kZ\n̂Z\pZ\_Z_Ybnĉh]kZp_\dZ
eY_p\_d̀]aYZ\pẐXYZ�\_yZh]ẐXYZ̀ppYâYjZ̀_ỲiZhpZh]Zp̀âiẐXYZd̀ Ŷ_h̀cZ\_Zbnob̂̀]aYZe_YbY]̂bẐXYZ_hbyZ\pZo\jhcfZh]qn_fZ\_Z
jỲX̂Z̀bZjYba_hoYjZh]ZsYâh\]ZuvrwruZ̀]jZX̀bZ]\̂ZoYY]Z_Y]jY_YjZX̀_dcYbbiZe_\lhjYjẐX̀ ẐbnaXZac̀hdiZj̀d̀kYiZc\bbiZ\_Z
YzeY]bYZhbZ̀̂ _̂hon̂̀ocYẐ\Zo\jhcfZh]qn_fiZbhay]YbbiZjhbỲbYZ\_ZjỲX̂iZ\_Ẑ\Zh]qn_fẐ\Z\_ZjYb̂_nâh\]Z\pẐ̀]khocYZe_\eY_̂fZ
�\̂XY_ẐX̀]ẐXYZ�\_yZĥbYcp�iZYzaYêẐ\ẐXYZYẑY]̂ẐX̀ ẐbnaXZj̀d̀kYiZc\bbiZ\_ZYzeY]bYZhbZjnYẐ\ẐXYZp̀nĉZ\_Z]YkchkY]aYZ\pZ
X̂YZè_̂fZbYYyh]kZh]jYd]ĥfr

��������Z�piZgĥX\n̂Z]YkchkY]aYZ\]ẐXYZè_̂Z\pẐXYZ[\]̂_̀â\_iẐXYZ[\]̂_̀â\_ZhbZXYcjZch̀ocYZofZ̀Zk\lY_]dY]̂Z̀kY]afZp\_Z
X̂YZa\b̂Z\pZ_YdYjh̀̂h\]Z\pZ̀ZX̀�̀_j\nbZd̀ Ŷ_h̀cZ\_Zbnob̂̀]aYZb\cYcfZofZ_Ỳb\]Z\pZeY_p\_dh]kZ�\_yZ̀bZ_Ymnh_YjZofẐXYZ
[\]̂_̀âZ�\andY]̂biẐXYZ{g]Y_ZbX̀ccZh]jYd]hpfẐXYZ[\]̂_̀â\_Zp\_Z̀ccZa\b̂Z̀]jZYzeY]bYẐXY_YofZh]an__Yjr

 ¡¢£¤¥¦��§���£̈�©¡ ̈¤¦� ̈ª�«¬̈ª�
���§���¤�����������£��������
���§����ZWXYZ[\]̂_̀â\_ZbX̀ccZen_aX̀bYZ̀]jZd̀h]̂̀h]Zh]bn_̀]aYZ\pẐXYẐfeYbZ̀]jZchdĥbZ\pZch̀ohcĥfiZa\]̂̀h]h]kẐXYZ
Y]j\_bYdY]̂biZ̀]jZbnoqYâẐ\ẐXYẐY_dbZ̀]jZa\]jĥh\]biZ̀bZjYba_hoYjZh]ẐXhbZsYâh\]Zu®ruZ\_ZYcbYgXY_YZh]ẐXYZ[\]̂_̀âZ
�\andY]̂brZWXYZ[\]̂_̀â\_ZbX̀ccZen_aX̀bYZ̀]jZd̀h]̂̀h]ẐXYZh]bn_̀]aYZ_Ymnh_YjZofẐXhbZ|k_YYdY]̂Zp_\dZ̀]Zh]bn_̀]aYZ
a\dè]fZ\_Zh]bn_̀]aYZa\dè]hYbZc̀gpnccfZ̀n̂X\_h�YjẐ\ZhbbnYZh]bn_̀]aYZh]ẐXYZqn_hbjhâh\]ZgXY_YẐXYZ�_\qYâZhbZ
c\àŶjrZWXYZ[\]̂_̀â\_ZbX̀ccZd̀h]̂̀h]ẐXYZ_Ymnh_YjZh]bn_̀]aYZn]̂hcẐXYZYzeh_̀̂h\]Z\pẐXYZeY_h\jZp\_Za\__Yâh\]Z\pZ�\_yZ
b̀ZbŶZp\_̂XZh]ZsYâh\]Zūr°iZn]cYbbZ̀ZjhppY_Y]̂Zjn_̀̂h\]ZhbZb̂̀ ŶjZoYc\g±

ZZ
WXYZ[\]̂_̀â\_ZbX̀ccZe_\lhjYZg_ĥ̂Y]Z]\̂hphàĥ\]Ẑ\ẐXYZ{g]Y_Z\pẐXYZà]aYcc̀̂h\]Z\_ZYzeh_̀̂h\]Z\pZ̀]fZh]bn_̀]aYZ
_Ymnh_YjZofẐXhbZsYâh\]Zu®rurZWXYZ[\]̂_̀â\_ZbX̀ccZe_\lhjYZbnaXZg_ĥ̂Y]Z]\̂haYZgĥXh]ZphlYZ���Zonbh]YbbZj̀fbZ\pẐXYZj̀ ŶZ
X̂YZ[\]̂_̀â\_ZhbZph_b̂Z̀g̀_YZ\pẐXYZà]aYcc̀̂h\]Z\_ZYzeh_̀̂h\]iZ\_ZhbZph_b̂Z̀g̀_YẐX̀ Ẑ̂XYZà]aYcc̀̂h\]Z\_ZYzeh_̀̂h\]ZhbZ
X̂_ỲŶ]YjZ\_Z\̂XY_ghbYZd̀fZ\aan_iZgXhaXYlY_Za\dYbZph_b̂r

���§������²³\̂gĥXb̂̀]jh]kZ̀]fẐY_dbiZa\]jĥh\]bZ\_Ze_\lhbh\]bZh]Z̀]fZ\̂XY_Zg_ĥh]kZoŶgYY]ẐXYZè_̂hYbiẐXYZ[\]̂_̀â\_Z
XY_YofZ̀k_YYbẐ\ZYppYâǹ ŶẐXYZ]̀dh]kZ\pẐXYŹµ¶·̧¶¹º»¼½¾¼º¿¹¶¶ºÀÁµ¾¾ÂºÃ½·̧¹½Á̧Z̀bZ̀]Z̀jjĥh\]̀cZh]bn_YjZ\]ẐXYZ
[\]̂_̀â\_}bZh]bn_̀]aYZe\chahYbiZgĥXẐXYZYzaYêh\]Z\pZ�\_yY_b}Z[\deY]b̀̂h\]Z̀]jZ³ÄsZ�hb̀ohcĥfZ�]bn_̀]aYr

���§������²WXYZe\chafZ]̀dh]kẐXYZ{g]Y_Z̀bZ̀]Z̀jjĥh\]̀cZh]bn_YjZbX̀cc±
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XYZZZZZ[\Z]̂Z_̂̀ab]̂c\Zdef_cgZhbeiZ]̂ZjXkXZ[\̀lZb]l\mZǹ\cab\mnZebZo\ll\bZ_̂̀ab\bpZ]alqeb_r\mZleZcêmaclZ
oà_̂\̀̀ Z_̂Zs\tZuebvZwl]l\XZZjZs\tZuebvZf_c\̂ \̀mZ_̂̀ab\bZ_̀Zdb\h\bb\mXZZxq\Zm\c_̀_êZleZ]cc\dlZ̀d\c_h_cZ
_̂̀ab\b̀Zf_\̀Z\ycfà_z\fgZt_lqZlq\Z{t̂\bX
X|ZZZZZwl]l\Zlq]lZlq\Z}êlb]cleb~̀Zcez\b]�\Z̀q]ffZo\Zdb_i]bgZ]̂mẐê�cêlb_oalebgZcez\b]�\ZhebZlq\Z{t̂\bpZ_l̀Z
[e]bmZehZ�mac]l_êpZ\idfeg\\̀Z]̂mZzefâl\\b̀X
�XZZZZZjmm_l_ê]fZ_̂̀ab\mZ̀l]làZ̀q]ffZo\Zdbez_m\mZogZ̀l]̂m]bmZebZelq\bZ\̂meb̀\i\̂l̀Zlq]lZ\yl\̂mZcez\b]�\ZleZlq\Z
{t̂\bZhebZoelqZê�e_̂�Z]̂mZceidf\l\mZed\b]l_ê X̀ZZxq\Zm\c_̀_êZleZ]cc\dlZ]̂Z\̂meb̀\i\̂lZb\̀l̀Z̀ef\fgZt_lqZ
lq\Z{t̂\bXZZjZceidf\l\mZcedgZehZlq\Z\̂meb̀\i\̂l̀ZiàlZo\Z]ll]cq\mZleZlq\Zc\bl_h_c]l\ZehZ_̂̀ab]̂c\X
�XZZZZZxq\Zc\bl_h_c]l\ZehZ_̂̀ab]̂c\ZiàlZm\̀cb_o\Zlq\Z̀d\c_h_cZ̀\bz_c\̀Zdbez_m\mZogZlq\Z}êlb]clebZ�\X�XpZbeeh_̂�pZ
c]bd\̂lbgpZdfaio_̂��Zlq]lZ]b\Zcez\b\mZogZlq\Zf_]o_f_lgZdef_c_\̀X
�XZZZZZjlZlq\Z{t̂\b~̀Zb\�a\̀lpZlq\Z}êlb]clebZ̀q]ffZdbez_m\Z]ZcedgZehZlq\Zm\cf]b]l_êZd]�\ZehZlq\Zf_]o_f_lgZ]̂mZ
aiob\ff]Zdef_c_\̀Zt_lqZ]Zf_̀lZehZ\̂meb̀\i\̂l̀Z]̂mZhebìXZZ�hZ̀eZb\�a\̀l\mpZlq\Z}êlb]clebZt_ffZdbez_m\Z]ZcedgZ
ehZlq\Zdef_c\Z\̂meb̀\i\̂l̀Z]̂mZhebìX
�XZZZZZjZhaffgZceidf\l\mZs\tZuebvZ}ê l̀bacl_êZ}\bl_h_c]l\ZehZ�_]o_f_lgZ�̂̀ab]̂c\Zjmm\̂maiZ�j}{��Z���Z
|�Y����ZiàlZo\Z_̂cfam\mZt_lqZlq\Zc\bl_h_c]l\̀ZehZ_̂̀ab]̂c\X

������������xq\ZZ}êlb]clebZ]�b\\̀ZleZ_̂m\î _hgZlq\Z{t̂\bZhebZ]̂gZ]ddf_c]of\Zm\macl_of\̀Z]̂mZ̀\fh�_̂̀ab\mZb\l\̂l_ê X̀

��������Z}eii\bc_]fZ�\̂\b]fZ�_]o_f_lgZ_̂̀ab]̂c\ZhebZlq\Z�be�\clZtb_ll\̂ZêZ]̂Zeccabb\̂c\ZhebiZt_lqZdef_cgZf_i_l̀ZehẐelZf\̀̀Z
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y]f̀_jo]|y�]cbb̀}�]
�]Ô_j]pee]ij_Õbt̀f]qabjb]�bhbjpe]ßlpnlel̀or]�d̀_]phm]
�knjbeepÞ×gtbff]s_ubjpvb]lf]ql̀a]h_h�eltbhfbm]phm]
h_h�pmkl̀̀bm]tpjjlbjf]lh]àbq]á_j�]x̀p̀b�

âb]âlf̀jlt̀Þã~s×x]qlee]nb]̀ab]àpkbm]�hfdjbm]
_h]~sä]ä_eltlbf{]]̂abjb]qlee]nb]h_]�mml̀l_hpe]
�hfdjbmf]_h]pho]~sä]ä_eltlbf{
å]Öy]kleel_h]ibj]_ttdjjbhtbr]Ö�]kleel_h]pvvjbvp̀b]
ql̀a]̀ab]âlf̀jlt̀Þã~s×x]pf]̀ab]àpkbm]�hfdjbm{]
å]Ö�]kleel_h]ibj]_ttdjjbhtbr]Ö�]kleel_h]pvvjbvp̀b]
ql̀a]̀ab]âlf̀jlt̀Þã~s×x]pf]̀ab]àpkbm]�hfdjbm{]
å]Ö�]kleel_h]ibj]_ttdjjbhtbr]Ö�]kleel_h]pvvjbvp̀b]
ql̀a]̀ab]âlf̀jlt̀Þã~s×x]pf]̀ab]hpkbm]�hfdjbm{

WXYZ[æX�ç���è�X���������
WXYZ[æ[YX�ç���è�X¼����é���X���������
âb]~qhbj]fapee]nb]jbfi_hflneb]c_j]idjtapflhv]phm]kplh̀plhlhv]̀ab]~qhbj�f]dfdpe]elpnlel̀o]lhfdjphtb{

WXYZ[æ[æX���ê����X���������
WXYZ[æ[æ[Y]̂ab]~qhbj]fapee]idjtapfb]phm]kplh̀plhr]cj_k]ph]lhfdjphtb]t_kipho]_j]lhfdjphtb]t_kiphlbf]epqcdeeo]
pd̀a_jlëbm]̀_]lffdb]lhfdjphtb]lh]̀ab]Õdjlfmlt̀l_h]qabjb]̀ab]äj_Õbt̀]lf]e_tp̀bmr]ij_ibj̀o]lhfdjphtb]qjl̀̀bh]_h]p]ndlembj�f]
jlf�]ìpee�jlf�fì]t_kieb̀bm]upedb]_j]bwdlupebh̀]i_elto]c_jk]phm]fdccltlbh̀]̀_]t_ubj]̀ab]̀_̀pe]upedb]_c]̀ab]bh̀ljb]äj_Õbt̀]_h]
p]jbieptbkbh̀]t_f̀]npflf{]̂ab]~qhbj�f]ij_ibj̀o]lhfdjphtb]t_ubjpvb]fapee]nb]h_]ebff]̀aph]̀ab]pk_dh̀]_c]̀ab]lhl̀lpe]
s_h̀jpt̀]xdkr]iedf]̀ab]upedb]_c]fdnfbwdbh̀]í_mlcltp̀l_hf]phm]epn_j]ibjc_jkbm]_j]kp̀bjlpef]_j]bwdlikbh̀]fdiielbm]no]
_̀abjf{]̂ab]ij_ibj̀o]lhfdjphtb]fapee]nb]kplh̀plhbm]dh̀le]xdnf̀ph̀lpe]s_kieb̀l_h]phm]̀abjbpc̀bj]pf]ij_ulmbm]lh]xbt̀l_h]
yz{�{�{�r]dhebff]_̀abjqlfb]ij_ulmbm]lh]̀ab]s_h̀jpt̀]â_tdkbh̀f]_j]_̀abjqlfb]pvjbbm]lh]qjl̀lhv]no]̀ab]ipj̀lbf]̀_]̀alf]
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XYZ[[\[]̂_̀abcd̀c]deZf]g[̀dbfhh̀c]ghei[̀̂b[̀c]̂[Z[d̂d̀jk̀̂b[̀lm][Zǹoj]̂ZfĝjZǹpeqgj]̂ZfĝjZdǹf]ì
peqrdeqgj]̂ZfĝjZd̀c]̀̂b[̀sZjt[ĝ̀fd̀c]deZ[id_̀abcd̀c]deZf]g[̀dbfhh̀c]ghei[̀̂b[̀c]̂[Z[d̂d̀jk̀\jẐYfY[[d̀fd̀hjdd̀ufv[[d_

wxyz{|{|{|̀}]h[dd̀̂b[̀ufẐc[d̀fYZ[[̀ĵb[Zmcd[ǹeuj]̀peqd̂f]̂cfh̀oj\uh[̂cj]ǹ̂b[̀lm][Z̀dbfhh̀gj]̂c]e[̀̂b[̀c]deZf]g[̀
Z[~ecZ[ìqv̀p[ĝcj]̀��_�_�_�̀jZǹck̀][g[ddfZvǹZ[uhfg[̀̂b[̀c]deZf]g[̀ujhcgv̀Z[~ecZ[ìe]i[Z̀p[ĝcj]̀��_�_�_�̀mĉb̀
uZju[Ẑv̀c]deZf]g[̀mZĉ̂[]̀kjZ̀̂b[̀̂ĵfh̀�fhe[̀jk̀̂b[̀sZjt[ĝ̀ b̂f̂̀dbfhh̀Z[\fc]̀c]̀[kk[ĝ̀e]̂ch̀[�ucZf̂cj]̀jk̀̂b[̀u[ZcjìkjZ̀
gjZZ[ĝcj]̀jk̀̂b[̀�jZ�̀d[̂̀kjẐb̀c]̀p[ĝcj]̀��_�_̀ab[̀lm][Z̀dbfhh̀uZj�ci[̀mZĉ̂[]̀]ĵckcgf̂cj]̀̂j̀̂b[̀oj]̂ZfĝjZ̀jk̀̂b[̀
gf]g[hhf̂cj]̀jZ̀[�ucZf̂cj]̀jk̀f]v̀c]deZf]g[̀Z[~ecZ[ìqv̀p[ĝcj]d̀��_�̀f]ì��_�_̀ab[̀lm][Z̀dbfhh̀uZj�ci[̀degb̀mZĉ̂[]̀
]ĵcg[̀mĉbc]̀kc�[̀���̀qedc][dd̀ifvd̀jk̀̂b[̀if̂[̀̂b[̀lm][Z̀cd̀kcZd̂̀fmfZ[̀jk̀̂b[̀gf]g[hhf̂cj]̀jZ̀[�ucZf̂cj]ǹjZ̀cd̀kcZd̂̀
fmfZ[̀̂bf̂̀ b̂[̀gf]g[hhf̂cj]̀jZ̀[�ucZf̂cj]̀cd̀̂bZ[f̂[][ìjZ̀ĵb[Zmcd[̀fv̀jggeZǹmbcgb[�[Z̀gj\[d̀kcZd̂_
wxyz{|{|{�̀�k̀̂b[̀c]deZf]g[̀Z[~ecZ[ìqv̀̂bcd̀p[ĝcj]̀��_�_�̀cd̀deqt[ĝ̀ ĵ̀i[ieĝcqh[d̀jZ̀d[hkrc]deZ[ìZ[̂[]̂cj]dǹ̂b[̀
lm][Z̀dbfhh̀q[̀Z[duj]dcqh[̀kjZ̀fhh̀hjdd̀]ĵ̀gj�[Z[ìq[gfed[̀jk̀degb̀i[ieĝcqh[d̀jZ̀Z[̂[]̂cj]d_

wxyz{|{|{�̀�k̀̂b[̀�jZ�̀c]�jh�[d̀Z[\ji[hc]Ỳf]̀[�cd̂c]Ỳd̂ZeĝeZ[̀jZ̀gj]d̂Zeĝc]Ỳf]̀fiiĉcj]̀̂j̀f]̀[�cd̂c]Ỳd̂ZeĝeZ[ǹ
b̂[̀lm][Z̀dbfhh̀ueZgbfd[̀f]ì\fc]̂fc]ǹe]̂ch̀̂b[̀[�ucZf̂cj]̀jk̀̂b[̀u[ZcjìkjZ̀gjZZ[ĝcj]̀jk̀�jZ�̀fd̀d[̂̀kjẐb̀c]̀
p[ĝcj]̀��_�ǹ�fhhrZcd�d�̀uZju[Ẑv̀c]deZf]g[ǹj]̀f̀Z[uhfg[\[]̂̀gjd̂̀qfdcdǹuZĵ[ĝc]Ỳ̂b[̀[�cd̂c]Ỳd̂ZeĝeZ[̀fYfc]d̂̀
icZ[ĝ̀ubvdcgfh̀hjdd̀jZ̀if\fY[ǹ]ĵmĉbd̂f]ic]Ỳ̂b[̀e]i[Ẑf�c]Ỳjk̀̂b[̀�jZ�_̀ab[̀lm][Z̀dbfhh̀q[̀Z[duj]dcqh[̀kjZ̀fhh̀
gjrc]deZf]g[̀u[]fĥc[d_

wxyz{|{|{�̀sZcjZ̀̂j̀gj\\[]g[\[]̂̀jk̀̂b[̀�jZ�ǹ̂b[̀lm][Z̀dbfhh̀d[geZ[̀̂b[̀c]deZf]g[ǹf]ìuZj�ci[̀[�ci[]g[̀jk̀̂b[̀
gj�[ZfY[ǹZ[~ecZ[ìe]i[Z̀̂bcd̀p[ĝcj]̀��_�_�̀f]iǹeuj]̀̂b[̀oj]̂ZfĝjZ�d̀Z[~e[d̂ǹuZj�ci[̀f̀gjuv̀jk̀̂b[̀uZju[Ẑv̀
c]deZf]g[̀ujhcgv̀jZ̀ujhcgc[d̀Z[~ecZ[ìqv̀̂bcd̀p[ĝcj]̀��_�_�_̀ab[̀gjuv̀jk̀̂b[̀ujhcgv̀jZ̀ujhcgc[d̀uZj�ci[ìdbfhh̀gj]̂fc]̀
fhh̀fuuhcgfqh[̀gj]iĉcj]dǹi[kc]ĉcj]dǹ[�ghedcj]dǹf]ì[]ijZd[\[]̂d_

wxyz{|{|{�̀�ĉbc]̀̂bZ[[̀���̀qedc][dd̀ifvd̀jk̀̂b[̀if̂[̀̂b[̀lm][Z̀q[gj\[d̀fmfZ[̀jk̀f]̀c\u[]ic]ỲjZ̀fĝefh̀gf]g[hhf̂cj]̀
jZ̀[�ucZf̂cj]̀jk̀f]v̀c]deZf]g[̀Z[~ecZ[ìqv̀̂bcd̀p[ĝcj]̀��_�_�ǹ̂b[̀lm][Z̀dbfhh̀uZj�ci[̀]ĵcg[̀̂j̀̂b[̀oj]̂ZfĝjZ̀jk̀degb̀
c\u[]ic]ỲjZ̀fĝefh̀gf]g[hhf̂cj]̀jZ̀[�ucZf̂cj]_̀}]h[dd̀̂b[̀hfud[̀c]̀gj�[ZfY[̀fZcd[d̀kZj\̀f]̀fĝ̀jZ̀j\cddcj]̀jk̀̂b[̀
oj]̂ZfĝjZ�̀���̀̂b[̀oj]̂ZfĝjZǹeuj]̀Z[g[cû̀jk̀]ĵcg[̀kZj\̀ b̂[̀lm][Zǹdbfhh̀bf�[̀̂b[̀ZcYb̂̀ ĵ̀d̂jù̂b[̀�jZ�̀e]̂ch̀̂b[̀
hfud[̀c]̀gj�[ZfY[̀bfd̀q[[]̀geZ[ìqv̀̂b[̀uZjgeZ[\[]̂̀jk̀Z[uhfg[\[]̂̀gj�[ZfY[̀qv̀[ĉb[Z̀̂b[̀lm][Z̀jZ̀̂b[̀oj]̂ZfĝjZ�̀
���̀̂b[̀oj]̂Zfĝ̀ac\[̀f]ìoj]̂Zfĝ̀pe\̀dbfhh̀q[̀[~eĉfqhv̀fited̂[i�̀f]ì���̀̂b[̀lm][Z̀mfc�[d̀fhh̀ZcYb̂d̀fYfc]d̂̀ b̂[̀
oj]̂ZfĝjZǹpeqgj]̂ZfĝjZdǹf]ìpeqrdeqgj]̂ZfĝjZd̀̂j̀̂b[̀[�̂[]̂̀f]v̀hjdd̀̂j̀̂b[̀lm][Z̀mjehìbf�[̀q[[]̀gj�[Z[ìqv̀
b̂[̀c]deZf]g[̀bfìĉ̀]ĵ̀[�ucZ[ìjZ̀q[[]̀gf]g[hh[i_̀�k̀̂b[̀oj]̂ZfĝjZ̀ueZgbfd[d̀Z[uhfg[\[]̂̀gj�[ZfY[ǹ̂b[̀gjd̂̀jk̀̂b[̀
c]deZf]g[̀dbfhh̀q[̀gbfZY[ì̂j̀̂b[̀lm][Z̀qv̀f]̀fuuZjuZcf̂[̀obf]Y[̀lZi[Z_̀ab[̀keZ]cdbc]Ỳjk̀]ĵcg[̀qv̀̂b[̀lm][Z̀dbfhh̀
]ĵ̀Z[hc[�[̀̂b[̀lm][Z̀jk̀f]v̀gj]̂Zfĝefh̀jqhcYf̂cj]̀̂j̀uZj�ci[̀Z[~ecZ[ìc]deZf]g[_

wxyz{|{|{zx������x��x����� �¡��¢
wxyz{|{|{z{ỳab[̀lm][Z̀f]ìoj]̂ZfĝjZ̀mfc�[̀fhh̀ZcYb̂d̀fYfc]d̂̀���̀[fgb̀ĵb[Z̀f]ìf]v̀jk̀̂b[cZ̀deqgj]̂ZfĝjZdǹ
deqrdeqgj]̂ZfĝjZdǹfY[]̂dǹf]ì[\uhjv[[dǹ[fgb̀jk̀̂b[̀ĵb[Z�̀���̀̂b[̀XZgbĉ[ĝ̀f]ìXZgbĉ[ĝ�d̀gj]deĥf]̂d�̀f]ì���̀
p[ufZf̂[̀oj]̂ZfĝjZdǹck̀f]vǹf]ìf]v̀jk̀̂b[cZ̀deqgj]̂ZfĝjZdǹdeqrdeqgj]̂ZfĝjZdǹfY[]̂dǹf]ì[\uhjv[[dǹkjZ̀if\fY[d̀
gfed[ìqv̀kcZ[ǹjZ̀ĵb[Z̀gfed[d̀jk̀hjddǹ̂j̀̂b[̀[�̂[]̂̀ b̂jd[̀hjdd[d̀fZ[̀gj�[Z[ìqv̀uZju[Ẑv̀c]deZf]g[̀Z[~ecZ[ìqv̀̂bcd̀
XYZ[[\[]̂̀jZ̀ĵb[Z̀uZju[Ẑv̀c]deZf]g[̀fuuhcgfqh[̀̂j̀̂b[̀sZjt[ĝǹ[�g[û̀degb̀ZcYb̂d̀fd̀̂b[v̀bf�[̀̂j̀uZjg[[id̀jk̀degb̀
c]deZf]g[_̀ab[̀lm][Z̀jZ̀oj]̂ZfĝjZǹfd̀fuuZjuZcf̂[ǹdbfhh̀Z[~ecZ[̀dc\chfZ̀mZĉ̂[]̀mfc�[Zd̀c]̀kf�jZ̀jk̀̂b[̀c]ic�ciefhd̀
f]ì[]̂ĉc[d̀ci[]̂ckc[ìfqj�[̀kZj\̀ b̂[̀XZgbĉ[ĝǹXZgbĉ[ĝ�d̀gj]deĥf]̂dǹp[ufZf̂[̀oj]̂ZfĝjZdǹdeqgj]̂ZfĝjZdǹf]ì
deqrdeqgj]̂ZfĝjZd_̀ab[̀ujhcgc[d̀jk̀c]deZf]g[̀ueZgbfd[ìf]ì\fc]̂fc][ìqv̀[fgb̀u[Zdj]̀jZ̀[]̂ĉv̀fYZ[[c]Ỳ̂j̀mfc�[̀
ghfc\d̀ueZdef]̂̀ ĵ̂̀bcd̀p[ĝcj]̀��_�_�_�̀dbfhh̀]ĵ̀uZjbcqĉ̂̀bcd̀mfc�[Z̀jk̀deqZjYf̂cj]_̀abcd̀mfc�[Z̀jk̀deqZjYf̂cj]̀dbfhh̀
q[̀[kk[ĝc�[̀fd̀̂j̀f̀u[Zdj]̀jZ̀[]̂ĉv̀���̀[�[]̀̂bjeYb̀̂bf̂̀u[Zdj]̀jZ̀[]̂ĉv̀mjehìĵb[Zmcd[̀bf�[̀f̀iêv̀jk̀
c]i[\]ckcgf̂cj]ǹgj]̂Zfĝefh̀jZ̀ĵb[Zmcd[ǹ���̀[�[]̀̂bjeYb̀̂bf̂̀u[Zdj]̀jZ̀[]̂ĉv̀icì]ĵ̀ufv̀̂b[̀c]deZf]g[̀uZ[\ce\̀
icZ[ĝhv̀jZ̀c]icZ[ĝhvǹjZ̀���̀mb[̂b[Z̀jZ̀]ĵ̀ b̂[̀u[Zdj]̀jZ̀[]̂ĉv̀bfìf]̀c]deZfqh[̀c]̂[Z[d̂̀c]̀̂b[̀if\fY[ìuZju[Ẑv_

wxyz{|{|{z{|̀�k̀ieZc]Ỳ̂b[̀sZjt[ĝ̀gj]d̂Zeĝcj]̀u[Zcjì̂b[̀lm][Z̀c]deZ[d̀uZju[Ẑc[dǹZ[fh̀jZ̀u[Zdj]fh̀jZ̀qĵbǹf̂̀jZ̀
fitfg[]̂̀ ĵ̂̀b[̀dĉ[̀qv̀uZju[Ẑv̀c]deZf]g[̀e]i[Z̀ujhcgc[d̀d[ufZf̂[̀kZj\̀ b̂jd[̀c]deZc]Ỳ̂b[̀sZjt[ĝǹjZ̀ck̀fk̂[Z̀kc]fh̀
ufv\[]̂̀uZju[Ẑv̀c]deZf]g[̀cd̀̂j̀q[̀uZj�ci[ìj]̀̂b[̀gj\uh[̂[ìsZjt[ĝ̀ b̂ZjeYb̀f̀ujhcgv̀jZ̀ujhcgc[d̀ĵb[Z̀̂bf]̀̂bjd[̀
c]deZc]Ỳ̂b[̀sZjt[ĝ̀ieZc]Ỳ̂b[̀gj]d̂Zeĝcj]̀u[Zcjiǹ̂j̀̂b[̀[�̂[]̂̀u[Z\cddcqh[̀qv̀degb̀ujhcgc[dǹ̂b[̀lm][Z̀mfc�[d̀fhh̀
ZcYb̂d̀c]̀fggjZif]g[̀mĉb̀̂b[̀̂[Z\d̀jk̀p[ĝcj]̀��_�_�_�_�̀kjZ̀if\fY[d̀gfed[ìqv̀kcZ[̀jZ̀ĵb[Z̀gfed[d̀jk̀hjdd̀gj�[Z[ìqv̀
b̂cd̀d[ufZf̂[̀uZju[Ẑv̀c]deZf]g[_
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XYZ[\]\]\̂_̀_abcc_decfghi_feihg_jkh_lmehgnc_ogbohgjp_decfgqerh_ckqaa_sh_qitfcjhi_sp_jkh_lmehg_qc_udifrdqgp_qei_vqih_
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kmb̂n[brkl̂Z]f̂u
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\]ab̂n[brkl̂Z]f̂kZbmkZbzkZ�b[�[fĵ[_ob]l_bfkd̂dbclfjZZ[_bgabZ[]dklbkmbdjfnb̂[Ztcl]̂cklibclf̀j_clebfkd̂db]̂̂Zcgĵ]g̀[b̂kb
[̂Ztcl]̂cklbkmb{jgfkl̂Z]f̂dob]l_b]b̂[Ztcl]̂cklbm[[ibcmb]laib]dbmk̀̀khd�
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vwx¿X¿br̀]ctdib_cd\ĵ[dib]l_bk̂n[Zbt]̂̂[Zdbclb�j[d̂cklb]ZcdclebkĵbkmbkZbZ[̀]̂cleb̂kb̂ncdbrkl̂Z]f̂ibclf̀j_cleb̂nkd[b
]̀̀[ecleb]lb[ZZkZbkZbktcddcklbgab̂n[b�Zfnĉ[f̂bgĵb[�f̀j_cleb̂nkd[b]Zcdclebjl_[Zb{[f̂cklb~Æu|ibdn]̀̀bg[bZ[m[ZZ[_bclĉc]̀̀ab
k̂b̂n[b�Zfnĉ[f̂bmkZb_[fcdcklub{jfnbt]̂̂[Zdib[�f[\̂b̂nkd[bh]cq[_b]db\Zkqc_[_bmkZbclb{[f̂cklb|~u~~b]l_b{[f̂ckldb~ÇuÈuÉb
]l_b~ÇuÈuÊibdn]̀̀ib]m̂[Zbclĉc]̀b_[fcdcklbgab̂n[b�Zfnĉ[f̂bkZbÉ}b_]adb]m̂[Zbdjgtcddcklbkmb̂n[bt]̂̂[Zb̂kb̂n[b�Zfnĉ[f̂ibg[b
djg�[f̂b̂kbt[_c]̂cklb]db]bfkl_ĉcklb\Z[f[_[l̂b̂kbgcl_cleb_cd\ĵ[bZ[dk̀ĵcklu

vwx¿XxwÂ�����w��w�Ë���Ì
vwx¿XxX¿br̀]ctdbgab[ĉn[Zb̂n[b�hl[ZbkZbrkl̂Z]f̂kZibhn[Z[b̂n[bfkl_ĉcklbecqclebZcd[b̂kb̂n[br̀]ctbcdbmcZd̂b_cdfkq[Z[_b
\ZckZb̂kb[�\cZ]̂cklbkmb̂n[b\[Zck_bmkZbfkZZ[f̂cklbkmb̂n[bzkZ�bd[̂bmkẐnbclb{[f̂cklb~Íu|ibdn]̀̀bg[bclĉc]̂[_bgablk̂cf[b̂kb̂n[b
�Zfnĉ[f̂bhĉnclb|~b_]adb]m̂[ZbkffjZZ[lf[bkmb̂n[b[q[l̂becqclebZcd[b̂kbdjfnbr̀]ctbkZbhĉnclb|~b_]adb]m̂[Zb̂n[bf̀]ct]l̂b
mcZd̂bZ[fkelcÎ[db̂n[bfkl_ĉcklbecqclebZcd[b̂kb̂n[br̀]ctibhncfn[q[Zbcdb̀]̂[Zu

vwx¿XxXxbr̀]ctdbgab[ĉn[Zb̂n[b�hl[ZbkZbrkl̂Z]f̂kZibhn[Z[b̂n[bfkl_ĉcklbecqclebZcd[b̂kb̂n[br̀]ctbcdbmcZd̂b_cdfkq[Z[_b]m̂[Zb
[�\cZ]̂cklbkmb̂n[b\[Zck_bmkZbfkZZ[f̂cklbkmb̂n[bzkZ�bd[̂bmkẐnbclb{[f̂cklb~Íu|ibdn]̀̀bg[bclĉc]̂[_bgablk̂cf[b̂kb̂n[bk̂n[Zb
\]Ẑau

vwx¿XYw����w½����Ìw��w�Ë���Ì
�n[b�hl[Zb]l_brkl̂Z]f̂kZbdn]̀̀bfktt[lf[b]̀̀bf̀]ctdb]l_bf]jd[dbkmb]f̂cklb]e]cld̂b̂n[bk̂n[Zb]l_b]ZcdclebkĵbkmbkZb
Z[̀]̂[_b̂kb̂n[brkl̂Z]f̂bclb]ffkZ_]lf[bhĉnb̂n[bZ[�jcZ[t[l̂dbkmb̂n[bmcl]̀b_cd\ĵ[bZ[dk̀ĵcklbt[̂nk_bd[̀[f̂[_bclb̂ncdb
�eZ[[t[l̂bhn[̂n[Zbclbfkl̂Z]f̂ib̂kẐibgZ[]fnbkmbh]ZZ]l̂aibkZbk̂n[Zhcd[ibhĉnclb̂n[b\[Zck_bd\[fcmc[_bgab]\\̀cf]g̀[b̀]hib
gĵbclb]labf]d[blk̂btkZ[b̂n]lb~}ba[]Zdb]m̂[Zb̂n[b_]̂[bkmb{jgd̂]l̂c]̀brkt\̀[̂cklbkmb̂n[bzkZ�ub�n[b�hl[Zb]l_b
rkl̂Z]f̂kZbh]cq[b]̀̀bf̀]ctdb]l_bf]jd[dbkmb]f̂cklblk̂bfktt[lf[_bclb]ffkZ_]lf[bhĉnb̂ncdb{[f̂cklb|~uÉu

vwx¿Xpb�mb]bf̀]ctib_cd\ĵ[bkZbk̂n[Zbt]̂̂[Zbclb�j[d̂cklbZ[̀]̂[db̂kbkZbcdb̂n[bdjg�[f̂bkmb]bt[fn]lcf�db̀c[lib̂n[b\]Ẑab]dd[Ẑcleb
djfnbt]̂̂[Zbt]ab\Zkf[[_bclb]ffkZ_]lf[bhĉnb]\\̀cf]g̀[b̀]hb̂kbfkt\̀abhĉnb̂n[b̀c[lblk̂cf[bkZbmc̀cleb_[]_̀cl[du
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XYZ[\]̂_̀âbcdefaĝg̀chĥaijackld̂el̂daglhkâèafd̂jfgbmeaĝnôpajfceflîq̀fr̀ŝmihagĝèâbcdefaĝpmemchhôctdaâ
lèadqfgaŝg̀chĥnâcjpfifgeadaĵnôèâupadfrcîudnfedceflîugglrfceflîfîcrrldjcirâqfè̂èafd̂vligedmreflî
wijmgedôxajfceflîydlrajmdaĝfîazzarêlîèâjceâlẑèfĝutdaapaie{̂ûda|magêzld̂pajfceflîg̀chĥnâpcjâfî
qdfefitŝjahfkadaĵel̂èâlèad̂bcdeôel̂èfĝutdaapaieŝciĵzfhaĵqfè̂èâbadglîld̂aiefeôcjpfifgeadfit̂èâpajfcefli{̂
_̀âda|magêpcônâpcjârlirmddaiehôqfè̂èânfijfit̂jfgbmeâdaglhmeflînmeŝfîgmr̀âkaieŝpajfceflîg̀chĥbdlraaĵ
fîcjkcirâlẑnfijfit̂jfgbmeâdaglhmeflîbdlraajfitgŝq̀fr̀ ĝ̀chĥnâgecoaĵbaijfit̂pajfceflîzld̂ĉbadflĵlẑ}~̂jcoĝ
zdlp̂èâjceâlẑzfhfitŝmihagĝgecoaĵzld̂ĉhlitad̂badflĵnôctdaapaiêlẑèâbcdefaĝld̂rlmdêldjad{̂wẑcîcdnfedceflîfĝ
gecoaĵbmdgmciêel̂èfĝ�arefliŝèâbcdefaĝpcôiliaèahagĝbdlraaĵel̂èâgahareflîlẑèâcdnfedceld�g�̂ciĵctdaâmblî
ĉgr̀ajmhâzld̂hcead̂bdlraajfitg{

XYZ[\�Y_̀âbcdefaĝctdaâècêciôpajfceflîrlppairaĵqfè̂dagbarêel̂èfĝutdaapaiêg̀chĥnâa�bcijaĵnôciôbcdeô
el̂firhmjâdaglhmeflîlẑjfgbmeaĝfiklhkfit̂ciôlèad̂bcdeôfiklhkaĵfîèâydl�areŝbdlkfjaĵèâjfgbmeâcdfgaĝlmêlẑ
rlpplî|magefliĝlẑhcq̂cij�ld̂zcre{̂̂wêfĝa�bdagghôctdaaĵècêèadâqfhĥnâil̂cdnfedceflîcĝel̂ciôpceeadĝcdfgfit̂
mijad̂ld̂dahcefit̂el̂èfĝutdaapaie{

XYZ[\�Ywẑpajfceflîfĝilêgmrraggzmhŝèâbcdefaĝctdaâècêciôcreflîld̂bdlraajfit̂cdfgfit̂mijad̂èfĝutdaapaiêg̀chĥ
nândlmt̀êfîĉ�aq̂�ld�̂�eceârlmdêlẑrlpbaeaiê�mdfgjfreflîhlrceaĵfîymeicp̂vlmieo{̂

XYZ[\�Y_̀âbcdefaĝa�bdagghôctdaâel̂jahaeâèâda|mfdapaiêècêciôciĵchĥjfgbmeagŝrliedlkadgfaĝciĵrhcfpĝcdfgfit̂
lmêlẑèâvliedcrênâdazaddaĵel̂cdnfedcefli{̂̂�ôgl̂ctdaafitŝèâbcdefaĝa�bdagĝèafd̂pmemcĥfieaiêècêèadâfĝil̂
ctdaapaiêel̂cdnfedceâgmr̀ ĵfgbmeaĝileqfègecijfit̂èâmgâciĵdazadairâel̂cdnfedceflîahgaq̀adâfîèâvliedcrê
�lrmpaieg{

XYZ[\�Y����������Y��������Y�����������
yaijfit̂zficĥdaglhmeflîlẑĉvhcfpŝa�rabêcĝlèadqfgâctdaaĵfîqdfefitŝèâvliedcreld̂g̀chĥbdlraaĵjfhftaiehôqfè̂
badzldpcirâlẑèâvliedcrêciĵèâ�qiad̂g̀chĥrliefimâel̂pc�âbcopaieĝfîcrrldjcirâqfè̂èâvliedcrê
�lrmpaieg{

XYZ[\[�Y������Y��Y� ���¡Y���Y���¡�¢������ Y£�����¡
_̀âvliedcreld̂ciĵ�qiad̂qcfkârhcfpĝctcfigêacr̀l̂èad̂zld̂rliga|maiefcĥjcpctaĝcdfgfit̂lmêlẑld̂dahcefit̂el̂èfĝ
vliedcre{̂_̀fĝpmemcĥqcfkad̂firhmjag

\[ jcpctaĝfirmddaĵnôèâ�qiad̂zld̂daiecĥa�baigagŝzld̂hlggaĝlẑmgaŝfirlpaŝbdlzfeŝzficirfitŝ
nmgfiagĝciĵdabmecefliŝciĵzld̂hlgĝlẑpcictapaiêld̂apbhloaâbdljmrefkfeôld̂lẑèâgadkfraĝlẑgmr̀^
badglig¤̂cij

\Z jcpctaĝfirmddaĵnôèâvliedcreld̂zld̂bdfirfbcĥlzzfrâa�baigaĝfirhmjfit̂èârlpbaigceflîlẑ
badgliiaĥgecefliaĵèadaŝzld̂hlggaĝlẑzficirfitŝnmgfiagĝciĵdabmecefliŝciĵzld̂hlgĝlẑbdlzfêa�rabê
ciefrfbceaĵbdlzfêcdfgfit̂jfdarehôzdlp̂èâ¥ld�{

_̀fĝpmemcĥqcfkad̂fĝcbbhfrcnhaŝqfèlmêhfpfecefliŝel̂chĥrliga|maiefcĥjcpctaĝjmâel̂afèad̂bcdeo¦ĝeadpficeflîfî
crrldjcirâqfè̂udefrhâ§~{̂�lèfit̂rliecfiaĵfîèfĝ�areflî§̈{̈̈ ĝ̀chĥnâjaapaĵel̂bdarhmjâcîcqcdĵlẑ
hf|mfjceaĵjcpctagŝq̀aîcbbhfrcnhaŝfîcrrldjcirâqfè̂èâda|mfdapaieĝlẑèâvliedcrê�lrmpaieg{

_̀fĝutdaapaiêaieadaĵfiel̂cĝlẑèâjcôciĵoacd̂zfdgêqdfeeaîcnlka{

�� ��
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^̂ydagfjaieŝ�lcdĵlẑºjmrceflî̂ ŝ̂
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Partial Roof Replacement
Maple Hill Annex at Truman Moon Elementary School
53 Bedford Avenue
Middletown, NY 10940
SED #44-10-00-00-0-010-035

Chester Union Free School District
64 Hambletonion Avenue, Chester, NY 10918

STEM Lab Alterations at Chester Academy
64 Hambletonion Avenue, Chester, NY 10918
SED #44-02-01-02-0-009-006
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UVWXYZ[X\]̂_̀ab_]̀XâcXdè[_fgXh]î_jfXâcXk[l[̀ajjfgXmîcX_Z[nk[jl[kgX_Z[ìXZ[ìkgX[o[be_]̀kgXacnîik_̀a_]̀kgX
kebb[kk]̀kXâcXakkip̂kX_]X_Z[Xqr̂ [̀Xs]̀X_Z[Xt[̀s]̀nâb[X]sX_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_gXrZibZXikXîb]̀t]̀a_[cXZ[̀[îXmfX
[̀s[̀[̂b[u

UVvXwsX_Z[X\]̂_̀ab_]̀Xt[̀s]̀nkX_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_gX_Z[Xdè[_fXâcX_Z[X\]̂_̀ab_]̀XkZajjXZal[X̂]X]mjipa_i]̂Xêc[̀X
_ZikXx]̂cgX[ob[t_XrZ[̂Xattjibamj[X_]Xtà_ibita_[XîXaXb]̂s[̀[̂b[XakXt̀]lic[cXîXd[b_i]̂Xyu

UVzXwsX_Z[̀[XikX̂]Xqr̂ [̀X{[saej_Xêc[̀X_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_gX_Z[Xdè[_f|kX]mjipa_i]̂Xêc[̀X_ZikXx]̂cXkZajjXàik[X
as_[̀

}W _Z[Xqr̂ [̀Xsìk_Xt̀]lic[kX̂]_ib[X_]X_Z[X\]̂_̀ab_]̀XâcX_Z[Xdè[_fX_Za_X_Z[Xqr̂ [̀XikXb]̂kic[̀îpXc[bjàîpX
aX\]̂_̀ab_]̀X{[saej_uXdebZX̂]_ib[XkZajjXîciba_[XrZ[_Z[̀X_Z[Xqr̂ [̀XikX̀[~e[k_îpXaXb]̂s[̀[̂b[Xan]̂pX
_Z[Xqr̂ [̀gX\]̂_̀ab_]̀XâcXdè[_fX_]XcikbekkX_Z[X\]̂_̀ab_]̀|kXt[̀s]̀nâb[uXwsX_Z[Xqr̂ [̀Xc][kX̂]_X
[̀~e[k_XaXb]̂s[̀[̂b[gX_Z[Xdè[_fXnafgXri_ZîXsil[X���Xmekî[kkXcafkXas_[̀X̀[b[it_X]sX_Z[Xqr̂ [̀|kX̂]_ib[gX
[̀~e[k_XkebZXaXb]̂s[̀[̂b[uXwsX_Z[Xdè[_fX_in[jfX̀[~e[k_kXaXb]̂s[̀[̂b[gX_Z[Xqr̂ [̀XkZajjXa__[̂cuX�̂j[kkX
_Z[Xqr̂ [̀Xap̀[[kX]_Z[̀rik[gXâfXb]̂s[̀[̂b[X̀[~e[k_[cXêc[̀X_ZikXd[b_i]̂Xyu�XkZajjXm[XZ[jcXri_ZîX_[̂X
����Xmekî[kkXcafkX]sX_Z[Xdè[_f|kX̀[b[it_X]sX_Z[Xqr̂ [̀|kX̂]_ib[uXwsX_Z[Xqr̂ [̀gX_Z[X\]̂_̀ab_]̀XâcX_Z[X
dè[_fXap̀[[gX_Z[X\]̂_̀ab_]̀XkZajjXm[Xajj]r[cXaX̀[ak]̂amj[X_in[X_]Xt[̀s]̀nX_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_gX
me_XkebZXâXap̀[[n[̂_XkZajjX̂]_Xrail[X_Z[Xqr̂ [̀|kX̀ipZ_gXisXâfgXkemk[~e[̂_jfX_]Xc[bjà[XaX\]̂_̀ab_]̀X
{[saej_�X

}v _Z[Xqr̂ [̀Xc[bjà[kXaX\]̂_̀ab_]̀X{[saej_gX_[̀nîa_[kX_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_XâcX̂]_isi[kX_Z[Xdè[_f�X
âcX

}z _Z[Xqr̂ [̀XZakXap̀[[cX_]XtafX_Z[Xxajâb[X]sX_Z[X\]̂_̀ab_X�̀ib[XîXabb]̀câb[Xri_ZX_Z[X_[̀nkX]sX_Z[X
\]̂k_̀eb_i]̂X\]̂_̀ab_X_]X_Z[Xdè[_fX]̀X_]XaXb]̂_̀ab_]̀Xk[j[b_[cX_]Xt[̀s]̀nX_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_u

UV�X�aijè[X]̂X_Z[Xtà_X]sX_Z[Xqr̂ [̀X_]Xb]ntjfXri_ZX_Z[X̂]_ib[X̀[~eì[n[̂_XîXd[b_i]̂Xyu�XkZajjX̂]_Xb]̂k_i_e_[XaXsaijè[X
_]Xb]ntjfXri_ZXaXb]̂ci_i]̂Xt̀[b[c[̂_X_]X_Z[Xdè[_f|kX]mjipa_i]̂kgX]̀X̀[j[ak[X_Z[Xdè[_fXs̀]nXi_kX]mjipa_i]̂kgX[ob[t_X_]X
_Z[X[o_[̂_X_Z[Xdè[_fXc[n]̂k_̀a_[kXab_eajXt̀[hecib[u

UV�X�Z[̂X_Z[Xqr̂ [̀XZakXka_iksi[cX_Z[Xb]̂ci_i]̂kX]sXd[b_i]̂XygX_Z[Xdè[_fXkZajjXt̀]nt_jfXâcXa_X_Z[Xdè[_f|kX[ot[̂k[X
_a�[X]̂[X]sX_Z[Xs]jj]rîpXab_i]̂k�

UV�}WX�̀ à̂p[Xs]̀X_Z[X\]̂_̀ab_]̀gXri_ZX_Z[Xb]̂k[̂_X]sX_Z[Xqr̂ [̀gX_]Xt[̀s]̀nXâcXb]ntj[_[X_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_�

UV�}vX�̂c[̀_a�[X_]Xt[̀s]̀nXâcXb]ntj[_[X_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_Xi_k[jsgX_Z̀]epZXi_kXap[̂_kX]̀Xîc[t[̂c[̂_X
b]̂_̀ab_]̀k�

UV�}zXqm_aîXmickX]̀X̂[p]_ia_[cXt̀]t]kajkXs̀]nX~eajisi[cXb]̂_̀ab_]̀kXabb[t_amj[X_]X_Z[Xqr̂ [̀Xs]̀XaXb]̂_̀ab_Xs]̀X
t[̀s]̀nâb[XâcXb]ntj[_i]̂X]sX_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_gXà̀âp[Xs]̀XaXb]̂_̀ab_X_]Xm[Xt̀[tà[cXs]̀X[o[be_i]̂XmfX_Z[X
qr̂ [̀XâcXaXb]̂_̀ab_]̀Xk[j[b_[cXri_ZX_Z[Xqr̂ [̀|kXb]̂bè̀ [̂b[gX_]Xm[Xk[bè[cXri_ZXt[̀s]̀nâb[XâcXtafn[̂_Xm]̂ckX
[o[be_[cXmfXaX~eajisi[cXkè[_fX[~eilaj[̂_X_]X_Z[Xm]̂ckXikke[cX]̂X_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_gXâcXtafX_]X_Z[Xqr̂ [̀X_Z[X
an]ê_X]sXcanap[kXakXc[kb̀im[cXîXd[b_i]̂X�XîX[ob[kkX]sX_Z[Xxajâb[X]sX_Z[X\]̂_̀ab_X�̀ib[Xîbè̀[cXmfX_Z[Xqr̂ [̀XakX
aX̀[kej_X]sX_Z[X\]̂_̀ab_]̀X{[saej_�X]̀

UV�}�X�ail[Xi_kX̀ipZ_X_]Xt[̀s]̀nXâcXb]ntj[_[gXà̀âp[Xs]̀Xb]ntj[_i]̂gX]̀X]m_aîXaX̂[rXb]̂_̀ab_]̀XâcXri_ZX̀[ak]̂amj[X
t̀]nt_̂[kkXêc[̀X_Z[Xbìbenk_âb[k�

}W �s_[̀Xîl[k_ipa_i]̂gXc[_[̀nî[X_Z[Xan]ê_Xs]̀XrZibZXi_XnafXm[Xjiamj[X_]X_Z[Xqr̂ [̀XâcgXakXk]]̂XakX
t̀ab_ibamj[Xas_[̀X_Z[Xan]ê_XikXc[_[̀nî[cgXna�[Xtafn[̂_X_]X_Z[Xqr̂ [̀�X]̀

}v {[̂fXjiamiji_fXîXrZ]j[X]̀XîXtà_XâcX̂]_isfX_Z[Xqr̂ [̀gXbi_îpX_Z[X̀[ak]̂kXs]̀Xc[̂iaju

UV�XwsX_Z[Xdè[_fXc][kX̂]_Xt̀]b[[cXakXt̀]lic[cXîXd[b_i]̂X�Xri_ZX̀[ak]̂amj[Xt̀]nt_̂[kkgX_Z[Xdè[_fXkZajjXm[Xc[[n[cX_]X
m[XîXc[saej_X]̂X_ZikXx]̂cXk[l[̂XcafkXas_[̀X̀[b[it_X]sXâXacci_i]̂ajXr̀i__[̂X̂]_ib[Xs̀]nX_Z[Xqr̂ [̀X_]X_Z[Xdè[_fX
c[nâcîpX_Za_X_Z[Xdè[_fXt[̀s]̀nXi_kX]mjipa_i]̂kXêc[̀X_ZikXx]̂cgXâcX_Z[Xqr̂ [̀XkZajjXm[X[̂_i_j[cX_]X[̂s]̀b[XâfX
[̀n[cfXalaijamj[X_]X_Z[Xqr̂ [̀uXwsX_Z[Xdè[_fXt̀]b[[ckXakXt̀]lic[cXîXd[b_i]̂X�u�gXâcX_Z[Xqr̂ [̀X̀[sek[kX_Z[Xtafn[̂_X
]̀X_Z[Xdè[_fXZakXc[̂i[cXjiamiji_fgXîXrZ]j[X]̀XîXtà_gXri_Z]e_Xsè_Z[̀X̂]_ib[X_Z[Xqr̂ [̀XkZajjXm[X[̂_i_j[cX_]X[̂s]̀b[XâfX
[̀n[cfXalaijamj[X_]X_Z[Xqr̂ [̀u
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UVWXYZX[\]X̂_̀][aX]b]c[dX[eXfc[X_gh]̀X̂]c[iegXjklmXjknXèXjkomX[\]gX[\]X̀]dpegdiqibi[i]dXeZX[\]X̂_̀][aX[eX[\]Xrsg]̀Xd\fbbXge[X
q]Xt̀]f[]̀X[\fgX[\ed]XeZX[\]Xueg[̀fc[èX_gh]̀X[\]Xuegd[̀_c[iegXueg[̀fc[mXfghX[\]X̀]dpegdiqibi[i]dXeZX[\]Xrsg]̀X[eX[\]X
_̂̀][aXd\fbbXge[Xq]Xt̀]f[]̀X[\fgX[\ed]XeZX[\]Xrsg]̀X_gh]̀X[\]Xuegd[̀_c[iegXueg[̀fc[kX̂_qv]c[X[eX[\]Xcewwi[w]g[XqaX[\]X
rsg]̀X[eXpfaX[\]Xxfbfgc]XeZX[\]Xueg[̀fc[Xỳic]mX[\]X̂_̀][aXidXeqbitf[]hmXsi[\e_[Xh_pbicf[iegmXZè

z{ [\]X̀]dpegdiqibi[i]dXeZX[\]Xueg[̀fc[èXZèXcè̀]c[iegXeZXh]Z]c[i|]Xsè}XfghXcewpb][iegXeZX[\]X
uegd[̀_c[iegXueg[̀fc[~

z� fhhi[iegfbXb]tfbmXh]ditgXp̀eZ]ddiegfbXfghXh]bfaXced[dX̀]d_b[igtXZ̀ewX[\]Xueg[̀fc[è�dX�]Zf_b[mXfghX
]̀d_b[igtXZ̀ewX[\]Xfc[iegdXèXZfib_̀]X[eXfc[XeZX[\]X̂_̀][aX_gh]̀X̂]c[iegXj~XfghX

z� bi�_ihf[]hXhfwft]dmXèXiZXgeXbi�_ihf[]hXhfwft]dXf̀]Xdp]ciZi]hXigX[\]Xuegd[̀_c[iegXueg[̀fc[mXfc[_fbX
hfwft]dXcf_d]hXqaXh]bfa]hXp]̀Zèwfgc]XèXgeg�p]̀Zèwfgc]XeZX[\]Xueg[̀fc[èkX

UV�XYZX[\]X̂_̀][aX]b]c[dX[eXfc[X_gh]̀X̂]c[iegXjklmXjkoXèXjk�mX[\]X̂_̀][a�dXbifqibi[aXidXbiwi[]hX[eX[\]Xfwe_g[XeZX[\idXxeghk

UV�X�\]X̂_̀][aXd\fbbXge[Xq]Xbifqb]X[eX[\]Xrsg]̀XèXe[\]̀dXZèXeqbitf[iegdXeZX[\]Xueg[̀fc[èX[\f[Xf̀]X_g̀]bf[]hX[eX[\]X
uegd[̀_c[iegXueg[̀fc[mXfghX[\]Xxfbfgc]XeZX[\]Xueg[̀fc[Xỳic]Xd\fbbXge[Xq]X̀]h_c]hXèXd][XeZZXegXfcce_g[XeZXfgaXd_c\X
_g̀]bf[]hXeqbitf[iegdkX�eX̀it\[XeZXfc[iegXd\fbbXfcc̀_]XegX[\idXxeghX[eXfgaXp]̀degXèX]g[i[aXe[\]̀X[\fgX[\]Xrsg]̀XèXi[dX
\]ìdmX]�]c_[èdmXfhwigid[̀f[èdmXd_cc]ddèdXfghXfdditgdk

UV{�X�\]X̂_̀][aX\]̀]qaXsfi|]dXge[ic]XeZXfgaXc\fgt]mXigcb_higtXc\fgt]dXeZX[iw]mX[eX[\]Xuegd[̀_c[iegXueg[̀fc[XèX[eX
]̀bf[]hXd_qceg[̀fc[dmXp_̀c\fd]Xèh]̀dXfghXe[\]̀Xeqbitf[iegdk

UV{{X�gaXp̀ec]]higtmXb]tfbXèX]�_i[fqb]mX_gh]̀X[\idXxeghXwfaXq]Xigd[i[_[]hXigXfgaXce_̀[XeZXcewp][]g[Xv_̀idhic[iegXigX
[\]Xbecf[iegXigXs\ic\X[\]Xsè}XèXpf̀[XeZX[\]Xsè}XidXbecf[]hXfghXd\fbbXq]Xigd[i[_[]hXsi[\igX[seXa]f̀dXfZ[]̀XfXh]cbf̀f[iegX
eZXueg[̀fc[èX�]Zf_b[XèXsi[\igX[seXa]f̀dXfZ[]̀X[\]Xueg[̀fc[èXc]fd]hXsè}igtXèXsi[\igX[seXa]f̀dXfZ[]̀X[\]X̂_̀][aX
]̀Z_d]dXèXZfibdX[eXp]̀ZèwXi[dXeqbitf[iegdX_gh]̀X[\idXxeghmXs\ic\]|]̀Xecc_̀dXZìd[kXYZX[\]Xp̀e|idiegdXeZX[\idXyf̀ft̀fp\X
f̀]X|eihXèXp̀e\iqi[]hXqaXbfsmX[\]Xwigiw_wXp]̀iehXeZXbiwi[f[iegXf|fibfqb]X[eXd_̀][i]dXfdXfXh]Z]gd]XigX[\]Xv_̀idhic[iegXeZX
[\]Xd_i[Xd\fbbXq]Xfppbicfqb]k

UV{�X�e[ic]X[eX[\]X̂_̀][amX[\]Xrsg]̀XèX[\]Xueg[̀fc[èXd\fbbXq]Xwfib]hXèXh]bi|]̀]hX[eX[\]Xfhh̀]ddXd\esgXegX[\]Xpft]X
egXs\ic\X[\]ìXditgf[_̀]Xfpp]f̀dk

UV{�X�\]gX[\idXxeghX\fdXq]]gXZ_̀gid\]hX[eXcewpbaXsi[\XfXd[f[_[èaXèXe[\]̀Xb]tfbX̀]�_ì]w]g[XigX[\]Xbecf[iegXs\]̀]X
[\]Xcegd[̀_c[iegXsfdX[eXq]Xp]̀Zèw]hmXfgaXp̀e|idiegXigX[\idXxeghXcegZbic[igtXsi[\XdfihXd[f[_[èaXèXb]tfbX̀]�_ì]w]g[X
d\fbbXq]Xh]]w]hXh]b][]hX\]̀]Z̀ewXfghXp̀e|idiegdXcegZèwigtX[eXd_c\Xd[f[_[èaXèXe[\]̀Xb]tfbX̀]�_ì]w]g[Xd\fbbXq]X
h]]w]hXigcèpèf[]hX\]̀]igkX�\]gXdeXZ_̀gid\]hmX[\]Xig[]g[XidX[\f[X[\idXxeghXd\fbbXq]Xcegd[̀_]hXfdXfXd[f[_[èaXqeghXfghX
ge[XfdXfXcewwegXbfsXqeghk

UV{�V�����������
UV{�z{V�������V��V���V��������V�����zX�\]X[e[fbXfwe_g[Xpfafqb]XqaX[\]Xrsg]̀X[eX[\]Xueg[̀fc[èX_gh]̀X[\]Xuegd[̀_c[iegX
ueg[̀fc[XfZ[]̀XfbbXp̀ep]̀Xfhv_d[w]g[dX\f|]Xq]]gXwfh]mXigcb_higtXfbbesfgc]X[eX[\]Xueg[̀fc[èXeZXfgaXfwe_g[dX̀]c]i|]hX
èX[eXq]X̀]c]i|]hXqaX[\]Xrsg]̀XigXd][[b]w]g[XeZXigd_̀fgc]XèXe[\]̀XcbfiwdXZèXhfwft]dX[eXs\ic\X[\]Xueg[̀fc[èXidX
]g[i[b]hmX̀]h_c]hXqaXfbbX|fbihXfghXp̀ep]̀Xpfaw]g[dXwfh]X[eXèXegXq]\fbZXeZX[\]Xueg[̀fc[èX_gh]̀X[\]Xuegd[̀_c[iegX
ueg[̀fc[k

UV{�z�V������������V��������zX�\]Xft̀]]w]g[Xq][s]]gX[\]Xrsg]̀XfghXueg[̀fc[èXih]g[iZi]hXegX[\]Xce|]̀Xpft]mX
igcb_higtXfbbXueg[̀fc[X�ec_w]g[dXfghXc\fgt]dXwfh]X[eX[\]Xft̀]]w]g[XfghX[\]Xueg[̀fc[X�ec_w]g[dkX

UV{�z�V����������V�������zX fib_̀]XeZX[\]Xueg[̀fc[èmXs\ic\X\fdXge[Xq]]gX̀]w]hi]hXèXsfi|]hmX[eXp]̀ZèwXèXe[\]̀sid]X
[eXcewpbaXsi[\XfXwf[]̀ifbX[]̀wXeZX[\]Xuegd[̀_c[iegXueg[̀fc[k

UV{�z�V¡¢���V�������zX fib_̀]XeZX[\]Xrsg]̀mXs\ic\X\fdXge[Xq]]gX̀]w]hi]hXèXsfi|]hmX[eXpfaX[\]Xueg[̀fc[èXfdX̀]�_ì]hX
_gh]̀X[\]Xuegd[̀_c[iegXueg[̀fc[XèX[eXp]̀ZèwXfghXcewpb][]XèXcewpbaXsi[\X[\]Xe[\]̀Xwf[]̀ifbX[]̀wdXeZX[\]X
uegd[̀_c[iegXueg[̀fc[kX

UV{�z£V��������V����¤����zX�bbX[\]Xhec_w]g[dX[\f[Xcewp̀id]X[\]Xft̀]]w]g[Xq][s]]gX[\]Xrsg]̀XfghXueg[̀fc[èk
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VWXYZ[\Z]̂_̀ZabcdZ_̀Z_̀̀efdZ\bgZhcZhigffjfc]Zkf]lffcZhZmbc]ghn]bgZhcdZ̀eknbc]ghn]bgoZ]̂fZ]fgjZmbc]ghn]bgZ_cZ]̂_̀ZabcdZ
`̂hppZkfZdffjfdZ]bZkfZqeknbc]ghn]bgZhcdZ]̂fZ]fgjZrlcfgZ̀̂hppZkfZdffjfdZ]bZkfZmbc]ghn]bgs

VWXtZubd_\_nh]_bc̀Z]bZ]̂_̀ZkbcdZhgfZh̀Z\bppbl̀v
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mbj�hc�v w���y��z�|}x|z�� mbj�hc�v w���y��z�|}x|z��

q_ich]egfv �� q_ich]egfv ��

 hjfZhcdZ¡_]pfv ZZZZ  hjfZhcdZ¡_]pfv ZZZZ
¢ddgf̀̀v ZZ ¢ddgf̀̀v ZZ
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UVWXYZ[X\]̂_̀ab_]̀XâcXdè[_fgXh]î_jfXâcXk[l[̀ajjfgXmîcX_Z[nk[jl[kgX_Z[ìXZ[ìkgX[o[be_]̀kgXacnîik_̀a_]̀kgX
kebb[kk]̀kXâcXakkip̂kX_]X_Z[Xqr̂ [̀X_]XsafXt]̀Xjam]̀gXna_[̀iajkXâcX[ueisn[̂_Xtè̂ ikZ[cXt]̀Xek[XîX_Z[Xs[̀t]̀nâb[X]tX
_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_gXrZibZXikXîb]̀s]̀a_[cXZ[̀[îXmfX̀[t[̀[̂b[gXkemh[b_X_]X_Z[Xt]jj]rîpX_[̀nkv

UVwXxtX_Z[X\]̂_̀ab_]̀Xs̀]ns_jfXnay[kXsafn[̂_X]tXajjXkenkXce[X_]X\jainâ_kgXâcXc[t[̂ckgXîc[n̂ iti[kXâcXZ]jckX
Zànj[kkX_Z[Xqr̂ [̀Xt̀]nXbjainkgXc[nâckgXji[̂kX]̀Xkei_kXmfXâfXs[̀k]̂X]̀X[̂_i_fXk[[yîpXsafn[̂_Xt]̀Xjam]̀gXna_[̀iajkX
]̀X[ueisn[̂_Xtè̂ ikZ[cXt]̀Xek[XîX_Z[Xs[̀t]̀nâb[X]tX_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_gX_Z[̂X_Z[Xdè[_fXâcX_Z[X\]̂_̀ab_]̀X
kZajjXZal[X̂]X]mjipa_i]̂Xêc[̀X_ZikXz]̂cvX

UV{XxtX_Z[̀[XikX̂]Xqr̂ [̀X|[taej_Xêc[̀X_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_gX_Z[Xdè[_f}kX]mjipa_i]̂X_]X_Z[Xqr̂ [̀Xêc[̀X_ZikX
z]̂cXkZajjXàik[Xat_[̀X_Z[Xqr̂ [̀XZakXs̀]ns_jfX̂]_iti[cX_Z[X\]̂_̀ab_]̀XâcX_Z[Xdè[_fX~a_X_Z[Xacc̀[kkXc[kb̀im[cXîX
d[b_i]̂X���X]tXbjainkgXc[nâckgXji[̂kX]̀Xkei_kXapaîk_X_Z[Xqr̂ [̀X]̀X_Z[Xqr̂ [̀}kXs̀]s[̀_fXmfXâfXs[̀k]̂X]̀X[̂_i_fX
k[[yîpXsafn[̂_Xt]̀Xjam]̀gXna_[̀iajkX]̀X[ueisn[̂_Xtè̂ ikZ[cXt]̀Xek[XîX_Z[Xs[̀t]̀nâb[X]tX_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_X
âcX_[̂c[̀[cXc[t[̂k[X]tXkebZXbjainkgXc[nâckgXji[̂kX]̀Xkei_kX_]X_Z[X\]̂_̀ab_]̀XâcX_Z[Xdè[_fvX

UV�X�Z[̂X_Z[Xqr̂ [̀XZakXka_ikti[cX_Z[Xb]̂ci_i]̂kXîXd[b_i]̂X�gX_Z[Xdè[_fXkZajjXs̀]ns_jfXâcXa_X_Z[Xdè[_f}kX[os[̂k[X
c[t[̂cgXîc[n̂ itfXâcXZ]jcXZànj[kkX_Z[Xqr̂ [̀Xapaîk_XaXcejfX_[̂c[̀[cXbjaingXc[nâcgXji[̂X]̀Xkei_v

UV�XYZ[Xdè[_f}kX]mjipa_i]̂kX_]XaX\jainâ_Xêc[̀X_ZikXz]̂cXkZajjXàik[Xat_[̀X_Z[Xt]jj]rîp�X

UV��WX\jainâ_kgXrZ]Xc]X̂]_XZal[XaXcì[b_Xb]̂_̀ab_Xri_ZX_Z[X\]̂_̀ab_]̀gX
�W Zal[Xtè̂ ikZ[cXaXr̀i__[̂X̂]_ib[X]tX̂]̂�safn[̂_X_]X_Z[X\]̂_̀ab_]̀gXk_a_îpXri_ZXkemk_â_iajXabbèabfX_Z[X

an]ê_Xbjain[cXâcX_Z[X̂an[X]tX_Z[Xsà_fX_]XrZ]nX_Z[Xna_[̀iajkXr[̀[gX]̀X[ueisn[̂_XrakgXtè̂ ikZ[cX]̀X
kessji[cX]̀Xt]̀XrZ]nX_Z[Xjam]̀XrakXc]̂[X]̀Xs[̀t]̀n[cgXri_ZîX̂î[_fX~���XcafkXat_[̀XZalîpXjak_X
s[̀t]̀n[cXjam]̀X]̀Xjak_Xtè̂ ikZ[cXna_[̀iajkX]̀X[ueisn[̂_Xîbjec[cXîX_Z[X\jain�Xâc

�w Zal[Xk[̂_XaX\jainX_]X_Z[Xdè[_fX~a_X_Z[Xacc̀[kkXc[kb̀im[cXîXd[b_i]̂X���v

UV��wX\jainâ_kgXrZ]Xà[X[nsj]f[cXmfX]̀XZal[XaXcì[b_Xb]̂_̀ab_Xri_ZX_Z[X\]̂_̀ab_]̀gXZal[Xk[̂_XaX\jainX_]X_Z[Xdè[_fX~a_X
_Z[Xacc̀[kkXc[kb̀im[cXîXd[b_i]̂X���v

UV�XxtXaX̂]_ib[X]tX̂]̂�safn[̂_X̀[ueì[cXmfXd[b_i]̂X�v�v�XikXpil[̂XmfX_Z[Xqr̂ [̀X_]X_Z[X\]̂_̀ab_]̀gX_Za_XikXkettibi[̂_X_]X
ka_iktfXaX\jainâ_}kX]mjipa_i]̂X_]Xtè̂ ikZXaXr̀i__[̂X̂]_ib[X]tX̂]̂�safn[̂_Xêc[̀Xd[b_i]̂X�v�v�v

UV�X�Z[̂XaX\jainâ_XZakXka_ikti[cX_Z[Xb]̂ci_i]̂kX]tXd[b_i]̂kX�v�X]̀X�v�gXrZibZ[l[̀XikXassjibamj[gX_Z[Xdè[_fXkZajjX
s̀]ns_jfXâcXa_X_Z[Xdè[_f}kX[os[̂k[X_ay[X_Z[Xt]jj]rîpXab_i]̂k�

UV��WXd[̂cXâXâkr[̀X_]X_Z[X\jainâ_gXri_ZXaXb]sfX_]X_Z[Xqr̂ [̀gXri_ZîXkio_fX~���XcafkXat_[̀X̀[b[is_X]tX_Z[X\jaingX
k_a_îpX_Z[Xan]ê_kX_Za_Xà[Xêcikse_[cXâcX_Z[XmakikXt]̀XbZajj[̂pîpXâfXan]ê_kX_Za_Xà[Xcikse_[c�Xâc

UV��wX�afX]̀Xà̀âp[Xt]̀Xsafn[̂_X]tXâfXêcikse_[cXan]ê_kv

UV��{XYZ[Xdè[_f}kXtaijè[X_]XcikbZàp[Xi_kX]mjipa_i]̂kXêc[̀Xd[b_i]̂X�v�X]̀Xd[b_i]̂X�v�XkZajjX̂]_Xm[Xc[[n[cX_]X
b]̂k_i_e_[XaXrail[̀X]tXc[t[̂k[kX_Z[Xdè[_fX]̀X\]̂_̀ab_]̀XnafXZal[X]̀Xabueì[XakX_]XaX\jaingX[ob[s_XakX_]Xêcikse_[cX
an]ê_kXt]̀XrZibZX_Z[Xdè[_fXâcX\jainâ_XZal[X̀[abZ[cXap̀[[n[̂_vXxtgXZ]r[l[̀gX_Z[Xdè[_fXtaijkX_]XcikbZàp[Xi_kX
]mjipa_i]̂kXêc[̀Xd[b_i]̂X�v�X]̀Xd[b_i]̂X�v�gX_Z[Xdè[_fXkZajjXîc[n̂ itfX_Z[X\jainâ_Xt]̀X_Z[X̀[ak]̂amj[Xa__]̀̂ [f}kXt[[kX
_Z[X\jainâ_XîbèkX_Z[̀[at_[̀X_]X̀[b]l[̀XâfXkenkXt]êcX_]Xm[Xce[XâcX]rîpX_]X_Z[X\jainâ_v

UV�XYZ[Xdè[_f}kX_]_ajX]mjipa_i]̂XkZajjX̂]_X[ob[[cX_Z[Xan]ê_X]tX_ZikXz]̂cgXsjekX_Z[Xan]ê_X]tX̀[ak]̂amj[Xa__]̀̂ [f}kX
t[[kXs̀]lic[cXêc[̀Xd[b_i]̂X�v�gXâcX_Z[Xan]ê_X]tX_ZikXz]̂cXkZajjXm[Xb̀[ci_[cXt]̀XâfXsafn[̂_kXnac[XîXp]]cXtai_ZXmfX
_Z[Xdè[_fvX

UV�X�n]ê_kX]r[cXmfX_Z[Xqr̂ [̀X_]X_Z[X\]̂_̀ab_]̀Xêc[̀X_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_XkZajjXm[Xek[cXt]̀X_Z[Xs[̀t]̀nâb[X
]tX_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_XâcX_]Xka_iktfXbjainkgXitXâfgXêc[̀XâfXb]̂k_̀eb_i]̂Xs[̀t]̀nâb[Xm]̂cvXzfX_Z[X\]̂_̀ab_]̀X
tè̂ ikZîpXâcX_Z[Xqr̂ [̀Xabb[s_îpX_ZikXz]̂cgX_Z[fXap̀[[X_Za_XajjXtêckX[à̂ [cXmfX_Z[X\]̂_̀ab_]̀XîX_Z[Xs[̀t]̀nâb[X]tX
_Z[X\]̂k_̀eb_i]̂X\]̂_̀ab_Xà[Xc[ciba_[cX_]Xka_iktfX]mjipa_i]̂kX]tX_Z[X\]̂_̀ab_]̀XâcXdè[_fXêc[̀X_ZikXz]̂cgXkemh[b_X_]X
_Z[Xqr̂ [̀}kXs̀i]̀i_fX_]Xek[X_Z[XtêckXt]̀X_Z[Xb]nsj[_i]̂X]tX_Z[Xr]̀yv
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UVWXYZ[\Y]̂_\̀aYb[cddYef̀Yg\Ydhcgd\ỲfỲ[\Yije\_kYldchmcèbYf_Yf̀[\_bYnf_Yfgdhoc̀hfebYfnỲ[\Ylfè_cp̀f_Ỳ[c̀Yc_\Y
ê_\dc̀\qỲfỲ[\Ylfeb̀_̂p̀hfeYlfè_cp̀rYZ[\Yije\_Yb[cddYef̀Yg\Ydhcgd\Ynf_Ỳ[\Yscam\èYfnYceaYpfb̀bYf_Y\ts\eb\bYfnYceaY
ldchmcèŶeq\_Ỳ[hbYufeqkYceqYb[cddY[cv\Ŷeq\_Ỳ[hbYufeqYefYfgdhoc̀hfeỲfYmcw\Yscam\èbỲfkYf_Yohv\Yef̀hp\YfeYg\[cdnY
fnkYldchmcèbYf_Yf̀[\_jhb\Y[cv\YceaYfgdhoc̀hfebỲfYldchmcèbŶeq\_Ỳ[hbYufeqrY
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2 November 2022 Chester Union Free School District
Construction Documents STEM Lab Alterations
SED #44-02-01-02-0-009-006 Chester Academy

NEW YORK STATE WAGE RATE SCHEDULES

1.1 GENERAL

A. The following minimum prevailing rate of wages, health and welfare and pension fund
contributions are as determined by the Industrial Commissioner of the State of New York
in accordance with the provisions of Section 220 of the Labor Law of New York State.

B. It shall be the sole responsibility of each Contractor to pay wages at least equal to current
and future Wage Rate Schedules which are applicable to this project throughout the entire
duration of the Contract without claiming extra costs.

C. Current Wage Rate Schedules are included herein. The Owner and the Architect do not
warrant the accuracy or pertinency of the wage rates stated.  The Contractor shall be
solely responsible for verifying the accuracy of the current and future Prevailing Wage
Schedule.

D. Prevailing Rate Case Number (PRC# # 2022005187 - Chester Academy STEM Lab Alts)
has been assigned to the project. To access the PDF file of your schedule, click on the
following link or copy and paste into your browser.

https://apps.labor.ny.gov/wpp/publicViewProject.do?method=showIt&id=1532015

      008700 - 1 NEW YORK STATE WAGE RATE SCHEDULES
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 011000 - 1 SUMMARY 

SECTION 011000 - SUMMARY  

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Project information. 
2. Work covered by Contract Documents. 
3. Intent of the Contract Documents 
4. Type of contract 
5. Scope of Work – separate Prime Contracts 
6. Work schedule and phasing 
7. Coordination of Work of Separate Prime Contracts 
8. Work by Owner 
9. Owner-Furnished, Contractor-Installed products 
10. Access to site. 
11. Coordination with occupants. 
12. Work restrictions. 
13. Specification and drawing conventions. 
14. Regulations of the Commissioner of Education - 8 NYCRR 155.5 - Uniform 

Safety Standards for School Construction and Maintenance Projects. 

B. Related Requirements: 

1. Section 015000 "Temporary Facilities and Controls" for limitations and 
procedures governing temporary use of Owner's facilities. 

1.2 PROJECT INFORMATION 

A. Project Identification: STEM Lab Alterations at the Chester Academy located at 64 
Hambletonian  Ave, Chester, NY 10918. 

B. Owner: Chester Union Free School District, Chester, NY. 

C. Architect:  The Contract Documents were prepared for Project by Kaeyer, Garment + 
Davidson Architects, PC. 

1.3 WORK COVERED BY CONTRACT DOCUMENTS 

A. The Work of the Project is defined by the Contract Documents and consists of the 
following: 

1. Selective removals in existing classrooms, Library and ancillary rooms on the 
Second and Third Floors of the school and creating the STEM Lab in that space, 
consisting of the Learning Commons on the Second Floor and the Production 
Studio on the Third Floor. 
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B. Work in Existing Buildings: Existing conditions are shown on the drawings to the best 
knowledge of the Architect.  The Architect, however, cannot guarantee the correctness 
of the existing conditions shown and assumes no responsibility therefore.  It shall be 
the responsibility of the Contractor to verify all existing conditions. 

1. Contractor shall take all necessary field measurements prior to fabrication and 
installation of work and shall assume complete responsibility for accuracy of 
same. 

1.4 INTENT OF THE CONTRACT DOCUMENTS 

A. If, in the interpretation of Contract Documents, requirements within the Drawings and 
Specifications conflict, or it appears that the Drawings and Specifications are not in 
agreement, the Contractor shall provide (1) the greater quantity, where there is a 
discrepancy in quantity, and (2) the superior quality, where there is a discrepancy in 
quality. All discrepancies shall be brought to the attention of the Architect. The 
Architect’s decision on resolving the discrepancy shall be final. 

1.5 TYPE OF CONTRACT 

A. The Work of the project will be let in three (3) separate contracts; separate Prime 
Contracts will be awarded for the following categories of work: 

1. Contract No. 1 - General Construction Work 
2. Contract No. 2 - Mechanical Work  
3. Contract No. 3 - Electrical Work 

B. Responsibilities assigned to each separate Prime Contractor and the scope of the 
Work included in each contract is clearly identified in the Specifications and Drawings.  

C. One set of Documents is issued covering all contracts.  Each Prime Contractor shall 
review all drawings and specifications for complete understanding and knowledge of 
the Work.  

1.6 SCOPE OF WORK – SEPARATE PRIME CONTRACTS 

A. Each Prime Contractor is responsible for all of Procurement and Contracting 
Requirements (Division 00), General Requirements (Division 01), and all work 
specifically indicated, including the following: 

1. General Construction Work:   Structural and architectural drawings and Division 
02 through 14, except where specifically noted by others, and as specifically 
required to complete the work of the general construction. 

2. Mechanical Work: Fire protection drawings, plumbing drawings, and HVAC 
drawings; and Divisions 21, 22 and 23; and such work types, such as cutting and 
patching, firesafing, and access doors, as specifically required to complete the 
work of the mechanical installations 

3. Electrical Work: Electrical drawings, telecommunication drawings and Division 
26, 27 and 28, and such work types, such as cutting and patching and firesafing / 
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firestopping and access doors, as specifically required to complete the work of 
the electrical (and telecommunications) installations.   

B. All Prime Contractors are responsible to provide a complete installation of their work 
with the exception of such work that is specifically indicated to be by another 
Contractor. Exceptions or clarifications are as follows:  

1. Cutting and patching in the existing building generally will be by the trade 
needing that work. When mechanical or electrical work is above a ceiling, not 
being replaced by the GC, the Prime doing that work will be responsible for 
providing their own access and restoration.  

2. Exceptions for cutting and patching at the existing building will be:  
a. The GC will be responsible for penetrations through the existing façade 

and roof. 
b. The GC shall perform the finish patching of all exposed finished surfaces. 

3. All trades shall coordinate, schedule, and sequence work so no cutting and 
patching is required in new work (or the trade failing to comply would be 
responsible). 

4. Fire-safing / fire-stopping will be by the trade needing / installing that work.  
5. All trades to provide access doors as required by their work, to be installed by the 

GC. 

1.7 WORK SCHEDULE AND PHASING 

A. The Work shall be substantially complete on or before August 1, 2023. It is extremely 
important that the Owner resume its full use of the buildings and sites on the 
completion date(s) specified.  

B. Work may be commenced in the building and on the site on January 3, 2023. 

1.8 COORDINATION OF WORK OF SEPARATE PRIME CONTRACTS 

A.  Project Coordinator shall be responsible for coordination between the Separate Prime 
Contracts 

1. Owner shall act as Project Coordinator. 

1.9 WORK BY OWNER 

A. General: Cooperate fully with Owner so work may be carried out smoothly, without 
interfering with or delaying work under this Contract or work by Owner. Coordinate the 
Work of this Contract with work performed by Owner. 

B. Subsequent Work: Owner will perform the following additional work at site after 
Substantial Completion. Completion of that work will depend on successful completion 
of preparatory work under this Contract.  

1. Installation of A/V monitors 
2. Furniture 
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1.10 OWNER-FURNISHED CONTRACTOR-INSTALLED PRODUCTS 

A. Owner will furnish products indicated. The Work includes receiving, unloading, 
handling, storing, protecting, and installing Owner-furnished products and making 
building services connections. 

B. Owner-Furnished Contractor-Installed Products:  

1. Bookcases 
2. Production equipment. 

1.11 ACCESS TO SITE 

A. Limits:  Confine constructions operations to areas within contract limits indicated.  Do 
not disturb portions of the building and site beyond the areas in which the Work is 
indicated.  All areas of the building and site with the exception of the project area 
where the Work is being performed are off limits to Contractor and his employees. 

1. Driveways, Walkways and Entrances: Keep driveways, loading areas, and 
entrances serving premises clear and available to Owner, Owner's employees, 
students, the public and emergency vehicles at all times. Do not use these areas 
for parking or storage of materials. 

a. Schedule deliveries to minimize use of driveways and entrances by 
construction operations. 

b. Schedule deliveries to minimize space and time requirements for storage of 
materials and equipment on-site. 

c. Coordinate staging, parking and storage areas with the Owner. 

B. Damages:  Promptly repair damages caused to adjacent facilities by work of the 
Contract to a good-as-new condition acceptable to the Owner. 

C. Existing Facilities:  The following facilities are specifically noted as not to be used by 
Contractor or his employees: 

1. Toilet facilities. 
2. Food service facilities, including kitchen and dining areas. 
3. Parking lots (outside of the parking areas designated for Contractor’s use). 
4. Telephones. 

D. Security: The Contractor and all employees of the contractor shall be subject to the 
security provisions required by the Owner. Such provisions shall include, but not be 
limited to, the following: 

1. Contractor and all their employees shall use a single means of access and 
egress to the building, except in the case of emergency, as designated by the 
Owner. 

2. Photo identification badges shall be procured for all persons entering the Project 
building or site and shall be worn continuously while the person is in the building 
or on the site. 
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3. All persons entering the building or site shall be subject to the Owner’s visitor 
management system and may be subject to fingerprinting or other security-
related screenings. 

4. Contractor shall maintain a daily list of their personnel at the Project site. 

1.12 COORDINATION WITH OCCUPANTS 

A. Full Owner Occupancy: Owner will occupy site and building during entire construction 
period. Cooperate with Owner during construction operations to minimize conflicts and 
facilitate Owner usage. Perform the Work so as not to interfere with Owner's day-to-
day operations.  

1. Maintain access to existing adjacent occupied or used facilities. Do not close or 
obstruct adjacent drives, walkways, or other occupied or used facilities other than 
those obstructions currently indicated on the Contract Documents without written 
permission from Owner and approval of authorities having jurisdiction. 

2. Occupancy level will be reduced during summer months when school is not in 
session.   

B. Utility Shutdowns: Coordinate all utility shut downs and cross overs with the Owner, 
schedule during off hours and non-occupied times only.  

1. Notify Owner not less than 72 hours in advance of activities that will affect 
Owner's operations. Include planned shut-downs and interruptions in 
Construction Schedule. 

2. Electrical and mechanical services to functioning spaces shall be maintained at 
all times.  Swing-overs to new services shall be made so as to cause the least 
interruption to the facilities' operations 

C. Owner Limited Occupancy of Completed Areas of Construction: Owner reserves the 
right to occupy and to place and install equipment in completed portions of the Work, 
prior to Substantial Completion of the Work, provided such occupancy does not 
interfere with completion of the Work. Such placement of equipment and limited 
occupancy shall not constitute acceptance of the total Work. 

1. Architect will prepare a Certificate of Substantial Completion for each specific 
portion of the Work to be occupied prior to Owner acceptance of the completed 
Work. 

2. Obtain a Certificate of Occupancy from authorities having jurisdiction before 
limited Owner occupancy. 

3. Before limited Owner occupancy, mechanical and electrical systems shall be fully 
operational, and required tests and inspections shall be successfully completed. 
On occupancy, Owner will operate and maintain mechanical and electrical 
systems serving occupied portions of Work. 

4. On occupancy, Owner will assume responsibility for maintenance and custodial 
service for occupied portions of Work. 

1.13 WORK RESTRICTIONS 

A. Work Restrictions, General: Comply with restrictions on construction operations. 
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1. Comply with limitations on use of public streets and with other requirements of 
authorities having jurisdiction. 

B. On-Site Work Hours and Days: Limit work on the site and in the building to working 
hours indicated below, Monday through Friday, unless otherwise indicated. 

1. The school will be closed on Saturdays, Sundays, regularly scheduled district 
holidays and school vacations, and at night after cleaning crews have finished.  
If any Contractor wishes to work at any time when the school is normally closed, 
that Contractor must receive prior approval by the Owner and also shall arrange 
and pay for custodial services for the building at the applicable district pay rates. 
All work taking place within the schools/buildings/grounds on weekends, 
holidays and school vacations must be approved in advance by the Owner. 

2. Summer Work Period Hours and Days: During the Summer work will be 
permitted between 7:00 AM and 4:00 PM all days except Saturday and 
Sundays.  Any special work arrangements must be made through the Owner. 

3. School-in-Session Period Hours and Days: Work during the School Year must 
be scheduled after School Hours between 3:00 PM until 10:00 PM. During the 
school year the school will be closed at 11:00 PM.  Any requests to work during 
school hours must be submitted in writing to the School District for approval. 
Non disruptive work may take place between 7:00 AM and 4:00 PM upon 
receiving permission from the Owner.  The submission must include a diagram 
showing how the construction area will be separated from occupied areas.  
Additionally, it must show temporary measures to be installed such as 
ventilation, screening, dust protection, fire separation, etc.  The School District 
reserves it’s right to accept or reject the request at their discretion.  

4. Blackout Dates (No work is permitted at the building or site): Concerts and 
testing dates, other days as directed by the Owner. Allow for 5 blackout days, 
taken during the weekdays, as selected by the Owner. 

5. The school district’s academic calendar listing school-in-session period, 
summer period, school holidays and vacation days, and Regents Exam days 
can be found here 
https://www.chesterufsd.org/Page/10#calendar2502/20220526/month 
 

C. Delivery Restrictions: Coordinate with the Owner for permissible times and 
locations/truck access for deliveries on site. Large deliveries shall be made after hours. 

D. Noise, Vibration, and Odors: Notify Owner and coordinate operations that may result in 
high levels of noise and vibration, odors, or other disruption to surrounding spaces. 

1. Notify Architect and Owner not less than two days in advance of proposed 
disruptive operations. 

2. Construction activity noise levels for a period extending from the reading days 
before exams until the final day of exams (ten days) shall not exceed 60 dBA 

E. Comply with Owner’s standards for construction projects as follows: 

1. Interaction with employees, students and the public is strictly forbidden.   
2. Use of offensive or inappropriate language is strictly forbidden . 

https://www.chesterufsd.org/Page/10#calendar2502/20220526/month


2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 

 011000 - 7 SUMMARY 

3. The use of radios, tape and CD players is prohibited on the site and in the 
buildings. 

4. Smoking is prohibited on the site and in the buildings. 
5. Fraternizing with students or staff at the school is prohibited. 
6. Use of controlled substances on Project site is not permitted. 

1.14 SPECIFICATION AND DRAWING CONVENTIONS 

A. Specification Content: The Specifications use certain conventions for the style of 
language and the intended meaning of certain terms, words, and phrases when used in 
particular situations. These conventions are as follows: 

1. Imperative mood and streamlined language are generally used in the 
Specifications. The words "shall," "shall be," or "shall comply with," depending on 
the context, are implied where a colon (:) is used within a sentence or phrase. 

2. Specification requirements are to be performed by Contractor unless specifically 
stated otherwise. 

B. Division 01 General Requirements: Requirements of Sections in Division 01 apply to 
the Work of all Sections in the Specifications. 

C. Drawing Coordination: Requirements for materials and products identified on Drawings 
are described in detail in the Specifications. One or more of the following are used on 
Drawings to identify materials and products: 

1. Terminology: Materials and products are identified by the typical generic terms 
used in the individual Specifications Sections. 

2. Abbreviations: Materials and products are identified by abbreviations scheduled 
on Drawings.  

1.15 REGULATIONS OF THE COMMISSIONER OF EDUCATION - 8 NYCRR 155.5 - 
UNIFORM SAFETY STANDARDS FOR SCHOOL CONSTRUCTION AND 
MAINTENANCE PROJECTS 

A. This Article indicates requirements for school construction and maintenance projects 
required under New York Codes Rules and Regulations, Regulations of the 
Commissioner of Education, Part 155, Section 155.5, and are binding on all Contracts 
of this Project. 

B. The occupied portion of the school building shall always comply with the minimum 
requirements necessary to maintain a certificate of occupancy. 

C. Comply with general safety and security standards for construction projects as follows: 

1. Store all construction materials in a safe and secure manner. 
2. Provide and maintain fences around construction supplies or debris. 
3. Maintain all gates locked at all times when school is in session, unless a worker 

is in attendance to prevent unauthorized entry. 
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4. Provide overhead protection during exterior renovation work, for any sidewalks or 
areas immediately beneath the work site, or fence off such areas and provide 
with warning signs to prevent entry.  

5. Provide all workers with photo-identification badges that are required to be worn 
at all times for identification and security purposes while working at the project 
site. 

D. Separation of Construction Areas from Occupied Spaces: Separate construction areas 
which are under the control of a contractor and therefore not occupied by district staff 
or students from occupied areas. Provide dust proof partitions to prevent dust and 
contaminants into occupied parts of the building.  Provide periodic inspection and 
repairs of the containment barriers to prevent exposure to dust or contaminants. 
Gypsum board must be used in exit ways or other areas that require fire rated 
separation.  Heavy duty plastic sheeting may be used only for a vapor, fine dust or air 
infiltration barrier, and shall not be used to separate occupied spaces from construction 
areas. 

1. Workers may not use corridors, stairs or elevators designated for students or 
school staff.  

2. Large amounts of debris must be removed by using enclosed chutes or a similar 
sealed system. No movement of debris through halls of occupied spaces of the 
building is permitted.  No material shall be dropped or thrown outside the walls of 
the building. 

3. Clean all occupied parts of the building affected by renovation activity at the 
close of each workday.  Maintain required health, safety and educational 
capabilities at all times for school buildings occupied during a construction project 
when classes are in session. 

E. Exiting:  Maintain all building exits during construction.   Comply with exiting plans 
incorporated in the Construction Documents.   If exiting is modified other than as 
shown on the Contract Documents, provide a plan for Architect’s review detailing how 
exiting required by the applicable building code will be maintained during construction.  
The plan shall indicate temporary construction required to isolate construction 
equipment, materials, people, dust, fumes, odors, and noise during the construction 
period.  Temporary construction details shall meet code-required fire ratings for 
separation and corridor enclosure.  At a minimum, required exits, temporary stairs, 
ramps, exit signs, and door hardware shall be provided at all times. 

F. Ventilation: Comply with the ventilation plan incorporated in the Construction 
Documents.  The plan shall indicate ductwork which must be rerouted, disconnected, 
or capped in order to prevent contaminants from the construction area from entering 
the occupied areas of the building. The plan shall also indicate how required ventilation 
to occupied spaces affected by construction will be maintained during the project.  

G. Fire and Hazard Prevention:  Areas of buildings under construction that are to remain 
occupied shall maintain a certificate of occupancy. In addition, the following shall be 
strictly enforced:  

1. No smoking is allowed on public school property, including construction areas.  
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2. During construction daily inspections of district occupied areas shall be 
conducted by the Contractor's personnel to assure that construction materials, 
equipment or debris do not block fire exits or emergency egress windows. 

3. Proper operation of fire extinguishers, fire alarm, and smoke/fire detection 
systems shall be maintained throughout the project. 

H. Noise Abatement During Construction Activities: Contain noise from construction 
operations so as to not produce noise in excess of 60 dba in occupied spaces when 
school is in session, or schedule work for times when the building or affected building 
spaces are not occupied (school is not in session), or provide acoustical abatement 
measures to reduce noise to acceptable levels. 

1. Noise level measurements (dba) shall be taken with a type 2 sound level meter in 
the occupied space in a location closest to the source of the noise. 

I. Control of Chemical Fumes, Gases, and Other Contaminants during Construction and 
Maintenance Projects:  Control exhaust fumes from welding, gasoline engines, roofing, 
paving, painting, VOC fumes, or other fumes to assure they do not enter occupied 
portions of the building or fresh air intakes. 

1. Schedule, cure or ventilate materials and activities to allow for "off-gassing" of 
volatile organic compounds introduced during construction before occupancy of 
school. Specific attention is warranted for materials and activities including, but 
not limited to, glues, paint, furniture, carpeting, wall coverings, and drapery.  

a. Air out building materials or furnishings which "off-gas" chemical fumes, 
gases, or other contaminants in one of the following manners:   
1) Air out in a well-ventilated heated warehouse before they are brought 

to the project for installation.  
2) Air out installed products in accordance with the manufacturer's 

recommended "off-gassing" periods by allowing this period of time to 
elapse prior to Substantial Completion date. 

b. If the work will generate toxic gases that cannot be contained in an isolated 
area, the work must be done when school classes and programs are not in 
session.  The building must be properly ventilated and the material must be 
given proper time to cure or "off-gas" before re-occupancy. 

2. Manufacturer's Material Safety Data Sheets (MSDS) shall be maintained at the 
site for all products used in the project.  MSDS must be provided to anyone who 
requests them.  

J. Large and small asbestos abatement projects as defined by 12NYCRR56 shall not be 
performed while the building is occupied.   Note, It is The State Education 
Department’s interpretation that the term "building", as referenced in this Paragraph, 
means a wing or major section of a building that can be completely isolated from the 
rest of the building with sealed non combustible construction. The isolated portion of 
the building must contain exits that do not pass through the occupied portion and 
ventilation systems must be physically separated and sealed at the isolation barrier. 
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1. Exterior work such as roofing, flashing, siding, or soffit work may be performed 
on occupied buildings provided proper variances are in place as required, and 
complete isolation of ventilation systems and at windows is provided. Care must 
be taken to schedule work so that classes are not disrupted by noise or visual 
distraction. 

K. Lead-Based Paint Sampling and Analysis Notification:  Surfaces containing lead will 
not be disturbed during construction. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 011000 
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SECTION 012500 - SUBSTITUTION PROCEDURES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements for substitutions. 

B. Related Requirements: 

1. Section 012300 "Alternates" for products selected under an alternate. 

2. Section 016000 "Product Requirements" for requirements for submitting 
comparable product submittals for products by listed manufacturers. 

1.2 DEFINITIONS 

A. Substitutions:  Changes in products, materials, equipment, and assemblies which 
deviate from the requirements of the Contract Documents and proposed by Contractor 
which the Contractor deems will perform the same function and have equal 
capabilities, service life, economy of operations, and suitability for the intended 
purpose. 

 

1. Substitutions for Cause:  Changes proposed by Contractor that are required due 
to changed Project conditions, such as unavailability of product, regulatory 
changes, or unavailability of required warranty terms. 

2. Substitutions for Convenience:  Changes proposed by Contractor or Owner that 
are not required in order to meet other Project requirements but may offer 
advantage to Contractor or Owner. 

1.3 ACTION SUBMITTALS 

A. Substitution Requests:  Submit requests for consideration.  Identify product or 
fabrication or installation method to be replaced.  Include Specification Section number 
and title and Drawing numbers and titles. 

1. Substitution Request Form:  Use the electronic version of form included as an 
attachment to this Section; submit in portable document format (.pdf). 

2. Documentation:  Show compliance with requirements for substitutions and the 
following, as applicable: 

a. Statement indicating why specified product or fabrication or installation 
cannot be provided, if applicable. 

b. Coordination information, including a list of changes or revisions needed to 
other parts of the Work and to construction performed by Owner and 
separate contractors, that will be necessary to accommodate proposed 
substitution. 
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c. Detailed comparison of significant qualities of proposed substitution with 
those of the Work specified.  Include annotated copy of applicable 
Specification Section.  Significant qualities may include attributes such as 
performance, weight, size, durability, visual effect, sustainable design 
characteristics, warranties, and specific features and requirements 
indicated.  Indicate deviations, if any, from the Work specified. 

d. Product Data, including drawings and descriptions of products and 
fabrication and installation procedures in .pdf format. 

e. Samples, where applicable or requested. 

f. Certificates and qualification data, where applicable or requested. 

g. List of similar installations for completed projects with project names and 
addresses and names and addresses of architects and owners. 

h. Material test reports from a qualified testing agency indicating and 
interpreting test results for compliance with requirements indicated. 

i. Research reports evidencing compliance with building code in effect for 
Project, from ICC-ES  

j. Detailed comparison of Contractor's construction schedule using proposed 
substitution with products specified for the Work, including effect on the 
overall Contract Time.  If specified product or method of construction 
cannot be provided within the Contract Time, include letter from 
manufacturer, on manufacturer's letterhead, stating date of receipt of 
purchase order, lack of availability, or delays in delivery. 

k. Cost information, including a proposal of change, if any, in the Contract 
Sum. 

l. Contractor's certification that proposed substitution complies with 
requirements in the Contract Documents except as indicated in substitution 
request, is compatible with related materials, and is appropriate for 
applications indicated. 

m. Contractor's waiver of rights to additional payment or time that may 
subsequently become necessary because of failure of proposed 
substitution to produce indicated results. 

3. Architect's Action:  If necessary, Architect will request additional information or 
documentation for evaluation within seven days of receipt of a request for 
substitution.  Architect will notify Contractor of acceptance or rejection of 
proposed substitution within 15 days of receipt of request, or seven days of 
receipt of additional information or documentation, whichever is later. 

a. Forms of Acceptance:  Change Order. 

1.4 QUALITY ASSURANCE 

A. Compatibility of Substitutions:  Investigate and document compatibility of proposed 
substitution with related products and materials.  Engage a qualified testing agency to 
perform compatibility tests recommended by manufacturers. 

1.5 PROCEDURES 

A. Coordination:  Revise or adjust affected work as necessary to integrate work of the 
approved substitutions. 
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PART 2 - PRODUCTS 

2.1 SUBSTITUTIONS 

A. Substitutions for Cause:  Submit requests for substitution immediately on discovery of 
need for change, but not later than 15 days after Notice of Award. 

1. Conditions:  Architect will consider Contractor's request for substitution when the 
following conditions are satisfied.  If the following conditions are not satisfied, 
Architect will return requests without action, except to record noncompliance with 
these requirements: 

a. Requested substitution is consistent with the Contract Documents and will 
produce indicated results. 

b. Requested substitution does not require revisions to the Contract 
Documents. 

c. Substitution request is fully documented and properly submitted. 

d. Requested substitution will not adversely affect Contractor's construction 
schedule. 

e. Requested substitution has received necessary approvals of authorities 
having jurisdiction. 

f. Requested substitution is compatible with other portions of the Work. 

g. Requested substitution has been coordinated with other portions of the 
Work. 

h. Requested substitution provides specified or superior warranty. 

i. Proposed substitution will have no adverse effect on other trades and will 
not affect or delay progress schedule; or if requested substitution involves 
more than one contractor, requested substitution has been coordinated 
with other portions of the Work, is uniform and consistent, is compatible 
with other products, and is acceptable to all contractors involved. 

j. Proposed substitution has been fully investigated and determined to be 
equal or superior in all respects to specified product. 

k. Maintenance service and source of replacement parts, as applicable, is 
available similar to the specified product. 

l. Cost data as stated above is complete.  Claims for additional costs related 
to accepted substitution which may subsequently become apparent are to 
be waived. 

m. Proposed substitution does not affect dimensions and functional 
clearances. 

n. Coordination, installation, and changes in the Work as necessary for 
accepted substitution will be complete in all respects. 

B. Substitutions for Convenience:  Architect will consider requests for substitution if 
received within 15 days after the Notice of Award.  Requests received after that time 
may be considered or rejected at discretion of Architect. 

1. Conditions:  Architect will consider Contractor's request for substitution when the 
following conditions are satisfied.  If the following conditions are not satisfied, 
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Architect will return requests without action, except to record noncompliance with 
these requirements: 

a. Requested substitution offers Owner a substantial advantage in cost, time, 
energy conservation, or other considerations, after deducting additional 
responsibilities Owner must assume.  Owner's additional responsibilities 
may include compensation to Architect for redesign and evaluation 
services, increased cost of other construction by Owner, and similar 
considerations. 

b. Requested substitution does not require revisions to the Contract 
Documents or, if revisions are required, the Contractor acknowledges that 
the cost of the Architect’s redesign fee will be deducted from the Contract 
Price. 

c. Requested substitution is consistent with the Contract Documents and will 
produce indicated results. 

d. Substitution request is fully documented and properly submitted. 

e. Requested substitution will not adversely affect Contractor's construction 
schedule. 

f. Requested substitution has received necessary approvals of authorities 
having jurisdiction. 

g. Requested substitution is compatible with other portions of the Work. 

h. Requested substitution has been coordinated with other portions of the 
Work. 

i. Requested substitution provides specified or superior warranty. 

j. Proposed substitution will have no adverse effect on other trades and will 
not affect or delay progress schedule; or if requested substitution involves 
more than one contractor, requested substitution has been coordinated 
with other portions of the Work, is uniform and consistent, is compatible 
with other products, and is acceptable to all contractors involved. 

k. Proposed substitution has been fully investigated and determined to be 
equal or superior in all respects to specified product. 

l. Maintenance service and source of replacement parts, as applicable, is 
available similar to the specified product. 

m. Cost data as stated above is complete.  Claims for additional costs related 
to accepted substitution which may subsequently become apparent are to 
be waived. 

n. Proposed substitution does not affect dimensions and functional 
clearances. 

o. Coordination, installation, and changes in the Work as necessary for 
accepted substitution will be complete in all respects 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 012500 

ATTACHMENT: SUBSTITUTION REQUEST FORM  



 
2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 
  

                                                            012500a - 1 SUBSTITUTION REQUEST FORM  

SUBSTITUTION REQUEST FORM 
 

To:    Project: 

   

   

   

 

Section Page Paragraph Specified Item 

    

 

THE UNDERSIGNED REQUESTS CONSIDERATION OF THE FOLLOWING SUBSTITUTION: 

Attached data shall include, in a tabular format to provide a line by line comparison - product description, specifications, 

drawings, photographs, performance and laboratory tests and the like with applicable portions of said data clearly 

identified. 
 
FURTHER, The Proposed Substitution WILL  (OR WILL NOT) Affect: 

Dimensions indicated on the drawings?_____________________________________________________ 

Wiring, piping, ductwork, or other building services indicated on the drawings?____________________ 

Other trades and abutting or interconnection work? ___________________________________________ 

Manufacturer's guarantees and warranties? _________________________________________________ 

The construction schedule? ______________________________________________________________ 

Maintenance and service parts locally available? _____________________________________________ 

 

(NOTE - If Substitution WILL affect any item above, explain in detail.) 

 
In addition to the above, the undersigned agrees to pay for - 

1. Any and all changes to the building design, including structural, civil or 

electro/mechanical systems engineering (if any), detailing; and 

2. Any and all additional construction costs caused by the requested substitution. 

 
The undersigned further states that the function, appearance and quality of the Proposed 
Substitution are equivalent or superior to the Specified Item. 
 

SUBMITTED:  DESIGN PROFESSIONAL'S COMMENTS 

By:   Accepted  Accepted as Noted 

Firm: _ Not Accepted  Received Too Late 

Address:   

  By:  

Date:   Date: 

Telephone/Fax:  Remarks: 

Approved For Subcontractor Submittal:    

By:  Contractor: Date: 
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SECTION 012600 - CONTRACT MODIFICATION PROCEDURES 

 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements for handling and 
processing Contract modifications. 

B. Related Requirements: 

1. Section 012500 "Substitution Procedures" for administrative procedures for 
handling requests for substitutions made after the Contract award. 

1.2 MINOR CHANGES IN THE WORK 

A. Architect will issue supplemental instructions authorizing minor changes in the Work, 
not involving adjustment to the Contract Sum or the Contract Time, on 
AIA Document G710. 

1.3 PROPOSAL REQUESTS 

A. Owner-Initiated Proposal Requests: Architect will issue a detailed description of 
proposed changes in the Work that may require adjustment to the Contract Sum or the 
Contract Time. If necessary, the description will include supplemental or revised 
Drawings and Specifications. 

1. Work Change Proposal Requests issued by Architect are not instructions either 
to stop work in progress or to execute the proposed change. 

2. Within 10 days after receipt of Proposal Request, submit a quotation estimating 
cost adjustments to the Contract Sum and the Contract Time necessary to 
execute the change. 

a. Include a list of quantities of products required or eliminated and unit costs, 
with total amount of purchases and credits to be made. If requested, 
furnish survey data to substantiate quantities. 

b. Indicate applicable taxes, delivery charges, equipment rental, and amounts 
of trade discounts. 

c. Include costs of labor and supervision directly attributable to the change. 
d. Include an updated Contractor's construction schedule that indicates the 

effect of the change, including, but not limited to, changes in activity 
duration, start and finish times, and activity relationship. Use available total 
float before requesting an extension of the Contract Time. 

e. Quotation Form: Use forms acceptable to Architect. 
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B. Contractor-Initiated Proposals: If latent or changed conditions require modifications to 
the Contract, Contractor may initiate a claim by submitting a request for a change to 
Architect. 

1. Include a statement outlining reasons for the change and the effect of the change 
on the Work. Provide a complete description of the proposed change. Indicate 
the effect of the proposed change on the Contract Sum and the Contract Time. 

2. Include a list of quantities of products required or eliminated and unit costs, with 
total amount of purchases and credits to be made. If requested, furnish survey 
data to substantiate quantities. 

3. Indicate applicable taxes, delivery charges, equipment rental, and amounts of 
trade discounts. 

4. Include costs of labor and supervision directly attributable to the change. 
5. Include an updated Contractor's construction schedule that indicates the effect of 

the change, including, but not limited to, changes in activity duration, start and 
finish times, and activity relationship. Use available total float before requesting 
an extension of the Contract Time. 

6. Comply with requirements in Section 012500 "Substitution Procedures" if the 
proposed change requires substitution of one product or system for product or 
system specified. 

7. Proposal Request Form: Use form acceptable to Architect. 

1.4 ADMINISTRATIVE CHANGE ORDERS 

A. Unit-Price Adjustment: See Section 012200 "Unit Prices" for administrative procedures 
for preparation of Change Order Proposal for adjusting the Contract Sum to reflect 
measured scope of unit-price work. 

1.5 CHANGE ORDER PROCEDURES 

A. On Owner's approval of a Work Change Proposal Request, Architect will issue a 
Change Order for signatures of Owner and Contractor on AIA Document G701. 

1.6 CONSTRUCTION CHANGE DIRECTIVE 

A. Construction Change Directive: Architect may issue a Construction Change Directive 
on AIA Document G714. Construction Change Directive instructs Contractor to 
proceed with a change in the Work, for subsequent inclusion in a Change Order. 

1. Construction Change Directive contains a complete description of change in the 
Work. It also designates method to be followed to determine change in the 
Contract Sum or the Contract Time. 

B. Documentation: Maintain detailed records on a time and material basis of work 
required by the Construction Change Directive. 

1. After completion of change, submit an itemized account and supporting data 
necessary to substantiate cost and time adjustments to the Contract. 
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PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 012600 
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SECTION 012900 - PAYMENT PROCEDURES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements necessary to prepare and 
process Applications for Payment. 

1.2 DEFINITIONS 

A. Schedule of Values:  A statement furnished by Contractor allocating portions of the 
Contract Sum to various portions of the Work and used as the basis for reviewing 
Contractor's Applications for Payment. 

1.3 SCHEDULE OF VALUES 

A. Coordination: Coordinate preparation of the schedule of values with preparation of 
Contractor's construction schedule.  

1. Coordinate line items in the schedule of values with other required administrative 
forms and schedules, including the following: 
a. Application for Payment forms with continuation sheets. 
b. Submittal schedule. 
c. Items required to be indicated as separate activities in Contractor's 

construction schedule. 

2. Submit the schedule of values to Architect within 10 days after Notice of Award of 
Contract or at the preconstruction meeting, whichever comes first.   

B. Format and Content: Use Project Manual table of contents as a guide to establish line 
items for the schedule of values. Provide at least one line item for each Specification 
Section. 

1. Identification: Include the following Project identification on the schedule of 
values: 
a. Project name and location. 
b. Name of Architect. 
c. Architect's project number. 
d. SED number 
e. Contractor's name and address. 
f. Date of submittal. 

2. Arrange the schedule of values in tabular form with separate columns to indicate 
the following for each item listed: 
a. Related specification section or division. 
b. Description of the Work. 
c. Name of subcontractor. 
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d. Name of manufacturer or fabricator. 
e. Name of supplier. 
f. Change Orders (numbers) that reflect value. 
g. Dollar value as a percentage of the Contract Sum to nearest one-

hundredth percent, adjusted to total 100 percent. 

3. Provide a breakdown of the Contract Sum in enough detail to facilitate continued 
evaluation of Applications for Payment and progress reports. Coordinate with 
Project Manual table of contents. Provide multiple line items for principal 
subcontract amounts in excess of five percent of the Contract Sum. No line item 
should exceed 10% of the contract sum. 

4. Round amounts to nearest whole dollar; total shall equal the Contract Sum. 
5. Provide a separate line item in the schedule of values for each part of the Work 

where Applications for Payment may include materials or equipment purchased 
or fabricated and stored, but not yet installed. 
a. Differentiate between items stored on-site and items stored off-site. If 

required, include evidence of insurance. 

6. Provide separate line items in the schedule of values for initial cost of materials, 
for each subsequent stage of completion, and for total installed value of that part 
of the Work. 

7. Allowances:  Provide a separate line item in the Schedule of Values for each 
allowance.  Show line-item value of unit-cost allowances, as a product of the unit 
cost, multiplied by measured quantity.  Use information indicated in the Contract 
Documents to determine quantities. 

8. Each item in the schedule of values and Applications for Payment shall be 
complete. Include total cost and proportionate share of general overhead and 
profit for each item 
a. Temporary facilities and other major cost items that are not direct cost of 

actual work-in-place may be shown either as separate line items in the 
schedule of values or distributed as general overhead expense, at 
Contractor's option. 

9. Schedule Updating: Update and resubmit the schedule of values before the next 
Applications for Payment when fully executed Change Orders or Construction 
Change Directives result in a change in the Contract Sum. 

1.4 APPLICATIONS FOR PAYMENT 

A. Each Application for Payment following the initial Application for Payment shall be 
consistent with previous applications and payments as certified by Architect and paid 
for by Owner. 

1. Initial Application for Payment, Application for Payment at time of Substantial 
Completion, and final Application for Payment involve additional requirements. 

2. Each Application for Payment after the Initial Application for Payment shall 
include lien wavers for amounts paid with respect to the immediately preceding 
Application for Payment. 
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B. Payment Application Times: The date for each progress payment is indicated in the 
Agreement between Owner and Contractor. The period of construction work covered 
by each Application for Payment is the period indicated in the Agreement. 

1. Submit draft copy of Application for Payment seven days prior to due date for 
review by Architect. 

C. Application for Payment Forms: Use AIA Document G702 and AIA Document G703 as 
form for Applications for Payment. 

D. Application Preparation: Complete every entry on form. Notarize and execute by a 
person authorized to sign legal documents on behalf of Contractor. Architect will return 
incomplete applications without action. 

1. Entries shall match data on the schedule of values and Contractor's construction 
schedule. Use updated schedules if revisions were made. 

2. Include amounts for work completed following previous Application for Payment, 
whether or not payment has been received. Include only amounts for work 
completed at time of Application for Payment. 

3. Include amounts of Change Orders and Construction Change Directives issued 
before last day of construction period covered by application. 

E. Stored Materials: Include in Application for Payment amounts applied for materials or 
equipment purchased or fabricated and stored, but not yet installed. Differentiate 
between items stored on-site and items stored off-site. 

1. Provide certificate of insurance, evidence of transfer of title to Owner, and 
consent of surety to payment, for stored materials. 

2. Provide supporting documentation that verifies amount requested, such as paid 
invoices. Match amount requested with amounts indicated on documentation; do 
not include overhead and profit on stored materials. 

3. Provide summary documentation for stored materials indicating the following: 
a. Value of materials previously stored and remaining stored as of date of 

previous Applications for Payment. 
b. Value of previously stored materials put in place after date of previous 

Application for Payment and on or before date of current Application for 
Payment. 

c. Value of materials stored since date of previous Application for Payment 
and remaining stored as of date of current Application for Payment. 

F. Payrolls and Payroll Records: 

1. In accordance with Article 8, Section 220 of the New York State Labor Law, 
every contractor and subcontractor must keep original payrolls or transcripts 
subscribed and affirmed as true under penalty of perjury. Payrolls must be 
maintained for at least three years from the project's date of completion. At a 
minimum, payrolls must show the following information for each person 
employed on a public work project: 
a. Name  
b. Classification(s) in which the worker was employed  
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c. Hourly wage rate(s) paid  
d. Supplements paid or provided  
e. Daily and weekly number of hours worked in each classification.  

2. Every contractor and subcontractor shall submit, within thirty (30) days after 
issuance of its first payroll and every thirty (30) days thereafter, a transcript of the 
original payrolls, subscribed and affirmed as true under penalty of perjury. 

G. Waivers of Mechanic's Lien:  With each Application for Payment, submit waivers of 
mechanic's liens from subcontractors, sub-subcontractors, and suppliers for 
construction period covered by the previous application. 

1. Submit partial waivers on each item for amount requested, before deduction for 
retainage, on each item. 

2. When an application shows completion of an item, submit final or full waivers. 
3. Owner reserves the right to designate which entities involved in the Work must 

submit waivers. 
4. Waiver Delays:  Submit each Application for Payment with Contractor's waiver of 

mechanic's lien for construction period covered by the application. 
a. Submit final Application for Payment with or preceded by final waivers from 

every entity involved with performance of the Work covered by the 
application who is lawfully entitled to a lien. 

5. Waiver Forms:  Submit partial waivers of lien on form included at the end of this 
Section, executed in a manner acceptable to Owner. 

H. Attachments to Applications for Payment: In addition to other requirements stated in 
the Contract Documents, include with each Application for Payment fully executed 
Partial Release and Waiver of Liens and Payroll Certification on the forms included at 
the end of this Section. In addition, provide a current copy of the approved Contractor’s 
Construction Schedule, signed by all Prime Contractors, indicating agreement to the 
schedule. 

I. Transmittal: Submit two signed and notarized original copies of each Application for 
Payment to the Architect by a method ensuring receipt within 24 hours. Both copies 
shall include waivers of lien, payroll certification forms and all other required 
attachments. 

1. Transmit each copy with a transmittal form listing attachments and recording 
appropriate information about application. 

J. Initial Application for Payment: Administrative actions and submittals (that have been 
previously approved) that must precede or coincide with submittal of first Application 
for Payment include the following: 

1. List of subcontractors. 
2. Schedule of values. 
3. Contractor's construction schedule. 
4. Products list. 
5. Submittal schedule. 
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6. List of Contractor's staff assignments. 
7. List of Contractor's principal consultants. 
8. Copies of building permits. 
9. Copies of authorizations and licenses from authorities having jurisdiction for 

performance of the Work. 
10. Initial progress report. 
11. Report of preconstruction conference. 
12. Certificates of insurance and insurance policies. 
13. Performance and payment bonds. 
14. Data needed to acquire Owner's insurance. 
15. Initial settlement survey and damage report if required 

K. Application for Payment at Substantial Completion: After Architect issues the 
Certificate of Substantial Completion, submit an Application for Payment showing 100 
percent completion for portion of the Work claimed as substantially complete. 

1. Include documentation supporting claim that the Work is substantially complete 
and a statement showing an accounting of changes to the Contract Sum. 

2. This application shall reflect Certificate(s) of Substantial Completion issued 
previously for Owner occupancy of designated portions of the Work. 

L. Final Payment Application: After completing Project closeout requirements, submit final 
Application for Payment with releases and supporting documentation not previously 
submitted and accepted, including, but not limited, to the following: 

1. Evidence of completion of Project closeout requirements. 
2. Insurance certificates for products and completed operations where required and 

proof that taxes, fees, and similar obligations were paid. 
3. Updated final statement, accounting for final changes to the Contract Sum. 
4. AIA Document G706, "Contractor's Affidavit of Payment of Debts and Claims." 
5. AIA Document G706A, "Contractor's Affidavit of Release of Liens." 
6. AIA Document G707, "Consent of Surety to Final Payment." 
7. Evidence that claims have been settled. 
8. Final meter readings for utilities, a measured record of stored fuel, and similar 

data as of date of Substantial Completion or when Owner took possession of and 
assumed responsibility for corresponding elements of the Work. 

9. Final liquidated damages settlement statement. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 012900 

Attachments:  Partial Waiver of Liens Form 
    Payroll Certification Form 
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REQUISITION FOR PARTIAL PAYMENT - WAIVER OF LIENS 
 

PROJECT OWNER 

  

  

  

GENERAL CONTRACTOR SUBCONTRACTOR/VENDOR 

  

  

  

  

CONTRACT WORK COMPLETE 

PROJECT: CONTRACT - $ 

TRADE:  CHANGE ORDERS - $ 

CONTRACT - $ TOTAL COMPLETE - $ 

CHANGE ORDERS - $ RETAINAGE (___%) - $ 

TOTAL CONTRACT - $ LESS PRE. REQ. - $ 

 THIS REQUISITION - $ 

 
Waiver of Lien 

 
The undersigned, upon receipt of the above requisition payment hereby releases and discharges the 
Owner of and from any liability or obligation in any way related to or arising out of this project up to 
and including the date of this document. 
 
The undersigned further covenants and agrees that it shall not in any way claim or file a mechanic's 
or other lien against the premises of the above designated project, or any part thereof, or against 
any fund applicable thereto for any of the work, labor, materials heretofore furnished by it in 
connection with the improvement of said premises. 
 
The undersigned further warrants that, in order to induce the Owner to release this partial payment, 
they have paid all claims for labor, material, insurance, taxes, equipment, etc., employed in the 
prosecution of the work above, to date of this requisition. 
 
The undersigned hereby releases and agrees to hold the Owner harmless from any and all claims 
in connection with the furnishing of such labor and materials, etc., for the construction of the 
aforementioned project. 
 
The undersigned further guarantees that all portions of the work furnished and/or provided by them 
are in accordance with the contract and that the terms of the contract with respect to these 
guarantees will hold for the period specified in said contract. 
 
IN WITNESS WHEREOF, we have executed under seal this release on the date below and to be 
legally bound hereby: 
 
WITNESS: ______________________________ FIRM: _________________________________ 
 
BY: _____________________________________ DATE: ________________________________ 
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CORPORATE ACKNOWLEDGEMENT 
 
State of 
      )SS. 
      ) 
County of 
 
On the ______________ day of ______________, before me came ____________________ to me 
known and who by me being duly sworn did depose and say that he resides at 
___________________ _____________; that he is the officer of the said corporation executing the 
foregoing instrument, that he knows the seal of said corporation, that the seal affixed to said 
instrument is such corporate seal, that it was so affixed by order of the Board of Directors of said 
corporation and that he signed his name thereto by like order. 
 
       ______________________________ 
           Notary Public 
 
INDIVIDUAL ACKNOWLEDGEMENT 
 
State of 
      )SS. 
      ) 
County of 
 
On the ___________ day of _________________, before me came _________________ to me 
known and who by me being duly sworn did depose and say that he resides at 
________________________ ______________________________ that he is the individual who 
executed the foregoing instrument. 
 
       ______________________________ 
           Notary Public 
 
PARTNERSHIP ACKNOWLEDGEMENT 
 
State of 
      )SS. 
      ) 
County of 
 
On the _________________ day of ________________, before me came _________________ to 
me known and who by me being duly sworn did depose and say that he resides at 
___________________ ______________________; that he is the partner in the firm of 
______________________________ doing business under the name of 
_______________________________ and that he executed the foregoing instrument on behalf of 
said partnership. 
 
       ______________________________ 
           Notary Public 



am an officer with the title of ______________________

in the firm of ___________________________and am authorized by that firm to sign and swear, under penalty

of perjury, to the validity and accuracy of the statements below.

(1) I pay or supervise the payment of laborers, workers and mechanics employed by ____________

on the 

project. During the payroll period commencing on the day of ____________ 20___ and ending the

 day of ___________ 20_______ all laborers, workers and mechanics employed on said project

were paid the wages and supplements recorded as earned on the attached payroll records. No deductions have

been made either directly or indirectly from the wages and supplements other than deductions shown on the

payroll records. 

(2) The payroll records submitted for the above project and attached hereto are correct and complete, 

and the wage rates for laborers, workers, and mechanics contained therein are not less than the applicable

wage rates stated in the Contract and as designated by the State Labor Department. The number of hours

shown for each employee reflects the actual hours worked by that employee. The classification shown for each

employee is accurate and conforms with the work he or she performed.

(3) Supplements required in the Contract that are in addition to the basic hourly wages have been or 

will be paid to the appropriate plans, funds or programs.

(4) Such statement so to be filed shall be verified by the oath of the Contractor that he or she has read 

such statement subscribed by him or her and knows the content thereof, and that the same is true of his or her

own knowledge except with respect to wages and supplements owing by subcontractors which may be

certified upon information and belief.

(5) All employees of this firm have submitted completed Form I-9, Employment Eligibility Verification

Form  which has been reviewed and signed by authorized representatives of the firm and are kept in the

employees' file. Also, any and all subcontractors have certified to us that all of their employees have  submitted

completed Form I-9 Employment Eligibility Verification Form, which have been reviewed and signed by authorized

representatives of the firm and are kept in the employees' file.

By: Firm 

Name

Title:

Firm 

Date: Address

Prime NOTARY

Subcontractor

PAYROLL CERTIFICATION
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SECTION 013100 - PROJECT MANAGEMENT AND COORDINATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative provisions for coordinating construction operations on 
Project including, but not limited to, the following: 

1. General coordination procedures. 
2. Requests for Information (RFIs). 
3. Project Information Management (PIM) software. 
4. Project meetings. 

B. Related Requirements: 

1. Section 013115 "Coordination Drawings” for preparing coordination drawings. 
2. Section 013200 "Construction Progress Documentation" for preparing and 

submitting Contractor's construction schedule. 
3. Section 017300 "Execution" for procedures for coordinating general installation 

and field-engineering services, including establishment of benchmarks and 
control points. 

4. Section 017700 "Closeout Procedures" for coordinating closeout of the Contract. 

1.2 DEFINITIONS 

A. RFI:  Request from Owner, Architect, or Contractor seeking information required by or 
clarifications of the Contract Documents. 

B. Portable Document Format (PDF):  An open standard file format licensed by Adobe 
Systems used for representing documents in a device-independent and display 
resolution-independent fixed-layout document format. 

1.3 INFORMATIONAL SUBMITTALS 

A. Subcontract List:  Prepare a written summary identifying individuals or firms proposed 
for each portion of the Work, including those who are to furnish products or equipment 
fabricated to a special design. Include the following information in tabular form: 

1. Name, address, and telephone number of entity performing subcontract or 
supplying products. 

2. Number and title of related Specification Section(s) covered by subcontract. 
3. Drawing number and detail references, as appropriate, covered by subcontract. 
4. Submit list of subcontractors within 10 days after Notice of Award of Contract or 

at the preconstruction meeting, whichever comes first.  

B. Key Personnel Names:  Within 15 days of starting construction operations, submit a list 
of key personnel assignments, including superintendent and other personnel in 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
        May 12, 2017 
 

                                              013100 - 2  PROJECT MANAGEMENT AND COORDINATION 

attendance at Project site.  Identify individuals and their duties and responsibilities; list 
addresses and telephone numbers, including home, office, and cellular telephone 
numbers and e-mail addresses.  Provide names, addresses, and telephone numbers of 
individuals assigned as alternates in the absence of individuals assigned to Project. 

1. Post copies of list in project meeting room, in temporary field office, and by each 
temporary telephone.  Keep list current at all times. 

1.4 GENERAL COORDINATION PROCEDURES 

A. Coordination:  Coordinate construction operations included in different Sections of the 
Specifications to ensure efficient and orderly installation of each part of the Work.  
Coordinate construction operations, included in different Sections that depend on each 
other for proper installation, connection, and operation. 

1. Schedule construction operations in sequence required to obtain the best results 
where installation of one part of the Work depends on installation of other 
components, before or after its own installation. 

2. Coordinate installation of different components to ensure maximum performance 
and accessibility for required maintenance, service, and repair. 

3. Make adequate provisions to accommodate items scheduled for later installation. 

B. Coordination, Multiple Prime Contracts: Each Contractor shall coordinate its 
construction operations with those of other Contractors and entities to ensure efficient 
and orderly installation of each part of the Work.  Each Contractor shall coordinate its 
operations with operations, included in different Sections, that depend on each other 
for proper installation, connection, and operation. 

C. Prepare memoranda for distribution to each party involved, outlining special 
procedures required for coordination.  Include such items as required notices, reports, 
and list of attendees at meetings. 

1. Prepare similar memoranda for Owner and separate contractors if coordination of 
their Work is required. 

D. Administrative Procedures:  Coordinate scheduling and timing of required 
administrative procedures with other construction activities and activities of other 
contractors to avoid conflicts and to ensure orderly progress of the Work.  Such 
administrative activities include, but are not limited to, the following: 

1. Preparation of Contractor's construction schedule. 
2. Preparation of the schedule of values. 
3. Installation and removal of temporary facilities and controls. 
4. Delivery and processing of submittals. 
5. Progress meetings. 
6. Preinstallation conferences. 
7. Project closeout activities. 
8. Startup and adjustment of systems. 
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E. Conservation:  Coordinate construction activities to ensure that operations are carried 
out with consideration given to conservation of energy, water, and materials.  
Coordinate use of temporary utilities to minimize waste. 

1. Salvage materials and equipment involved in performance of, but not actually 
incorporated into, the Work.  See other Sections for disposition of salvaged 
materials that are designated as Owner's property. 

F. Use of the Site:  The Architect will administer allocation of available space equitably 
among separate Prime Contractors and other entities needing access and space, so as 
to produce the best overall efficiency in performance of the total work of the project.  
Each Contractor shall schedule deliveries so as to minimize space and time 
requirements for storage of materials and equipment on site. 

1.5 REQUESTS FOR INFORMATION (RFIs) 

A. Requests for Information (RFI’s) are requests for clarifications or questions regarding 
the contract drawings and specifications, not contract terms, scheduling items, or 
general correspondence, nor, are they to be as a means to describe or request 
approval of alternate construction means, methods or concepts or substitution for 
materials, systems means and methods.   

1. Carefully study and compare the Contract Documents, field conditions, other 
Owner-provided information, Contractor-prepared coordination drawings, and 
prior Project correspondence and documentation prior to submitting a Request 
for Information. 

B. Immediately on discovery of the need for additional information or interpretation of the 
Contract Documents, Contractor shall prepare and submit an RFI in the form specified. 

1. RFIs shall originate with Contractor.  RFIs submitted by entities other than 
Contractor will be returned with no response.  Architect will return RFIs submitted 
to Architect by other entities controlled by Contractor with no response. 

2. Coordinate and submit RFIs in a prompt manner so as to avoid delays in 
Contractor's work or work of subcontractors. 

C. Content of the RFI:  Include a detailed, legible description of item needing information 
or interpretation and the following: 

1. Project name. 
2. Project number. 
3. Date. 
4. Name of Contractor. 
5. Name of Architect  
6. RFI number, numbered sequentially. 
7. RFI subject. 
8. Specification Section number and title and related paragraphs, as appropriate. 
9. Drawing number and detail references, as appropriate. 
10. Field dimensions and conditions, as appropriate. 
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11. Contractor's suggested resolution.  If Contractor's suggested resolution impacts 
the Contract Time or the Contract Sum, Contractor shall state impact in the RFI. 

12. Contractor's signature. 
13. Attachments:  Include sketches, descriptions, measurements, photos, Product 

Data, Shop Drawings, coordination drawings, and other information necessary to 
fully describe items needing interpretation. 

a. Include dimensions, thicknesses, structural grid references, and details of 
affected materials, assemblies, and attachments on attached sketches. 

D. RFI Forms: Architect will furnish electronic version of form bound in Project Manual. 

1. Attachments shall be electronic files in Adobe Acrobat PDF format. 

E. Architect's Action:  Architect will review each RFI, determine action required, and 
respond.  Allow seven working days for Architect's response for each RFI.  RFIs 
received by Architect after 1:00 p.m. will be considered as received the following 
working day. 

1. Based upon the amount of RFI’s received and their level of content, the Architect 
will establish the level of importance of each RFI and allow sufficient time in the 
Architect's professional judgment to permit adequate review.   

2. The following Contractor-generated RFIs will be returned without action: 

a. Requests for approval of submittals. 
b. Requests for approval of substitutions. 
c. Requests for approval of Contractor's means and methods. 
d. Requests for coordination information already indicated in the Contract 

Documents. 
e. Requests for adjustments in the Contract Time or the Contract Sum. 
f. Requests for interpretation of Architect's actions on submittals. 
g. Incomplete RFIs or inaccurately prepared RFIs. 

3. Architect's action may include a request for additional information, in which case 
Architect's time for response will date from time of receipt of additional 
information. 

4. Architect's action on RFIs that may result in a change to the Contract Time or the 
Contract Sum may be eligible for Contractor to submit a change proposal 
according to the General Conditions of the Contract 

a. If the Contractor believes the RFI response warrants change in the 
Contract Time or the Contract Sum, notify Architect in writing within 15 
calendar days of receipt of the RFI response. 

F. RFI Log:  Prepare, maintain, and submit a tabular log of RFIs organized by the RFI 
number.  Submit log weekly; include the following: .    

1. Project name. 
2. Name and address of Contractor. 
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3. Name and address of Architect. 
4. RFI number including RFIs that were returned without action or withdrawn. 
5. RFI description. 
6. Date the RFI was submitted. 
7. Date Architect's response was received. 
8. Identification of related Minor Change in the Work, Construction Change 

Directive, and Proposal Request, as appropriate. 

G. On receipt of Architect's action, update the RFI log and immediately distribute the RFI 
response to affected parties.  Review response and notify Architect within seven days if 
Contractor disagrees with response. 

1.6 PROJECT INFORMATION MANAGEMENT (PIM)  SITE 

A. Use Architect's Project Information Management (PIM) software transmission server 
software for purposes of hosting and managing project communication and 
documentation until Final Completion.  Project Information Management (PIM) software 
site includes the following functions: 

1. Project directory. 
2. Project correspondence. 
3. Meeting minutes. 
4. Contract modifications forms and logs. 
5. RFI forms and logs. 
6. Task and issue management. 
7. Photo documentation. 
8. Schedule and calendar management. 
9. Submittals forms and logs. 
10. Payment application forms. 
11. Drawing and specification document hosting, viewing, and updating. 
12. Online document collaboration. 
13. Reminder and tracking functions. 
14. Archiving functions. 

B. Architect will provide Project Information Management (PIM) software user licenses for 
use of the Owner, Contractor, and Architect's consultants.   

C. The Architect utilizes Submittal Exchange Project Information Management (PIM) 
software to track submittals and RFI’s.  

D. Post electronic submittals as PDF electronic files directly to Architect’s submittal 
Exchange server, specifically established for Project. 

1.7 PROJECT MEETINGS 

A. General:  The Architect will schedule and conduct meetings and conferences at Project 
site unless otherwise indicated. 
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1. Attendees:  Architect will inform participants and others involved, and individuals 
whose presence is required, of date and time of each meeting.  Architect will 
notify Owner of scheduled meeting dates and times. 

2. Agenda:  Architect will prepare the meeting agenda and distribute the agenda to 
all invited attendees. 

3. Minutes: Architect will record significant discussions and agreements achieved 
and distribute the meeting minutes to everyone concerned, including Owner,  
within three days of the meeting. 

B. Preconstruction Conference:  Architect will schedule and conduct a preconstruction 
conference before starting construction, at a time convenient to Contractor, Owner and 
Architect, but no later than 14 days after Notice to Proceed.  

a. Attendees: Authorized representatives of Owner, Architect, and their 
consultants; Contractor and its superintendent; major subcontractors; 
manufacturers; suppliers; and other concerned parties shall attend the 
conference.  All participants at the conference shall be familiar with Project 
and authorized to conclude matters relating to the Work. 

b. Agenda: Discuss items of significance that could affect progress, including 
the following:  
 
1) Tentative construction schedule. 
2) Phasing. 
3) Critical work sequencing. 
4) Designation of responsible personnel. 
5) Procedures for processing field decisions and Change Orders. 
6) Procedures for processing Applications for Payment. 
7) Distribution of the Contract Documents. 
8) Submittal procedures. 
9) Preparation of Record Documents Procedures for RFIs. 
10) Use of the premises and existing building. 
11) Work restrictions. 
12) Working hours. 
13) Owner's occupancy requirements. 
14) Procedures for moisture and mold control. 
15) Procedures for disruptions and shutdowns. 
16) Construction waste management and recycling. 
17) Parking availability. 
18) Office, work, and storage areas. 
19) Equipment deliveries and priorities. 
20) First aid. 
21) Progress cleaning. 
22) Responsibility for temporary facilities and controls. 
23) Security 
24) Waste management protocols. 

c. Contractor shall submit the following items at this meeting:  
1) Preliminary Contractor's Construction Schedule (if schedule has not 

yet been submitted). 
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2) List of Subcontractors. 
3) Schedule of Values. 
4) Submittal Schedule. 
5) Products List (Proposed products and manufacturers including any 

substitution products proposed). 

2. Minutes:  Architect will record and distribute meeting minutes. 

C. Preinstallation Conferences:  Conduct a preinstallation conference at Project site 
before each construction activity that requires coordination with other construction. 

1. Attendees:  Installer and representatives of manufacturers and fabricators 
involved in or affected by the installation and its coordination or integration with 
other materials and installations that have preceded or will follow, shall attend the 
meeting.  Advise Architect of scheduled meeting dates. 

2. Agenda:  Review progress of other construction activities and preparations for 
the particular activity under consideration, including requirements for the 
following: 

a. Contract Documents. 
b. Options. 
c. Related RFIs. 
d. Related Change Orders. 
e. Purchases. 
f. Deliveries. 
g. Submittals. 
h. Review of mockups. 
i. Possible conflicts. 
j. Compatibility requirements. 
k. Time schedules. 
l. Weather limitations. 
m. Manufacturer's written instructions. 
n. Warranty requirements. 
o. Compatibility of materials. 
p. Acceptability of substrates. 
q. Temporary facilities and controls. 
r. Space and access limitations. 
s. Regulations of authorities having jurisdiction. 
t. Testing and inspecting requirements. 
u. Installation procedures. 
v. Coordination with other work. 
w. Required performance results. 
x. Protection of adjacent work. 
y. Protection of construction and personnel. 

3. Record significant conference discussions, agreements, and disagreements, 
including required corrective measures and actions. 

4. Reporting:  Distribute minutes of the meeting to each party present and to other 
parties requiring information. 
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5. Do not proceed with installation if the conference cannot be successfully 
concluded.  Initiate whatever actions are necessary to resolve impediments to 
performance of the Work and reconvene the conference at earliest feasible date. 

D. Project Closeout Conference:  Architect will schedule and conduct a project closeout 
conference, at a time convenient to Contractor, Owner and Architect, but no later than 
90 days prior to the scheduled date of Substantial Completion. 

1. Architect will conduct the conference to review requirements and responsibilities 
related to Project closeout. 

2. Attendees:  Authorized representatives of Owner, Architect, and their 
consultants; Contractor and its superintendent; major subcontractors; suppliers; 
and other concerned parties shall attend the meeting.  Participants at the 
meeting shall be familiar with Project and authorized to conclude matters relating 
to the Work. 

3. Agenda:  Discuss items of significance that could affect or delay Project closeout, 
including the following: 

a. Preparation of record documents. 
b. Procedures required prior to inspection for Substantial Completion and for 

final inspection for acceptance. 
c. Submittal of written warranties. 
d. Requirements for preparing operations and maintenance data. 
e. Requirements for delivery of material samples, attic stock, and spare parts. 
f. Requirements for demonstration and training. 
g. Preparation of Contractor's punch list. 
h. Procedures for processing Applications for Payment at Substantial 

Completion and for final payment. 
i. Submittal procedures. 
j. Coordination of separate contracts. 
k. Owner's partial occupancy requirements. 
l. Installation of Owner's furniture, fixtures, and equipment. 
m. Responsibility for removing temporary facilities and controls. 

4. Minutes:  Entity conducting meeting will record and distribute meeting minutes. 

E. Progress Meetings:  Architect will conduct progress meetings at bi-weekly or twice 
monthly intervals. 

1. Coordinate preparation of payment requests with dates of meetings. 
2. Attendees:  In addition to representatives of Owner, Contractor and Architect, 

each contractor, subcontractor, supplier, and other entity concerned with current 
progress or involved in planning, coordination, or performance of future activities 
shall be represented at these meetings.  All participants at the meeting shall be 
familiar with Project and authorized to conclude matters relating to the Work. 
a. A representative of Contractor shall be present at every progress meeting, 

regardless of whether or not that Contractor is performing work at the site 
at the time. 
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b. Any decision reached at a job meeting shall be binding on a Contractor, 
whether or not he or his representative is present at such job meeting. 

3. Agenda:  Review and correct or approve minutes of previous progress meeting.  
Review other items of significance that could affect progress.  Include topics for 
discussion as appropriate to status of Project. 

a. Contractor's Construction Schedule:  Review progress since the last 
meeting.  Determine whether each activity is on time, ahead of schedule, or 
behind schedule, in relation to Contractor's construction schedule.  
Determine how construction behind schedule will be expedited; secure 
commitments from parties involved to do so.  Discuss whether schedule 
revisions are required to ensure that current and subsequent activities will 
be completed within the Contract Time. 

1) Review schedule for next period (2-week look ahead schedule) 

b. Review present and future needs of each entity present, including the 
following: 

1) Interface requirements. 
2) Sequence of operations. 
3) Status of submittals. 
4) Deliveries. 
5) Off-site fabrication. 
6) Access. 
7) Site utilization. 
8) Temporary facilities and controls. 
9) Progress cleaning. 
10) Quality and work standards. 
11) Status of correction of deficient items. 
12) Field observations. 
13) Status of RFIs. 
14) Status of proposal requests. 
15) Pending changes. 
16) Status of Construction Change Directives. 
17) Status of Change Orders. 
18) Pending claims and disputes. 
19) Documentation of information for payment requests. 
20) Waste management. 

4. Minutes:  Architect will record and distribute the meeting minutes to each party 
present, to others affected by decisions or actions resulting from each meeting 
and to parties requiring information. 

a. Schedule Updating:  Revise Contractor's construction schedule after each 
progress meeting where revisions to the schedule have been made or 
recognized.  Issue revised schedule concurrently with the report of each 
meeting 
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F. Coordination Meetings: Architect will conduct Project coordination meetings at bi-
weekly intervals or as required by the Architect.   Project coordination meetings are in 
addition to specific meetings held for other purposes, such as progress meetings and 
preinstallation conferences. 

1. Attendees:  In addition to representatives of Owner and Architect, each 
contractor, subcontractor, supplier, and other entity concerned with current 
progress or involved in planning, coordination, or performance of future activities 
shall be represented at these meetings.  All participants at the conference shall 
be familiar with Project and authorized to conclude matters relating to the Work 

2. Agenda:  Coordinate work for the ensuing two weeks. Review and correct or 
approve minutes of the previous coordination meeting.  Review other items of 
significance that could affect progress.  Include topics for discussion as 
appropriate to status of Project.   
a. At the close of the meeting, each prime Contractor shall, in an agreed 

format, provide a summarized two week work plan to the Architect. 

3. Any decision reached at a job meeting shall be binding on a Contractor, whether 
or not he or his representative is present at such job meeting 

4. Reporting: Architect will record meeting results and distribute copies to everyone 
in attendance and to others affected by decisions or actions resulting from each 
meeting. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 013100 

ATTACHMENT: 

REQUEST FOR INFORMATION FORM 



                                                                              013100a - 1 RFI SUBMITTAL FORM 

REQUEST FOR INFORMATION (RFI FORMAT) 
 

Contractor: 
 

Architect: KG&D Architects, PC 

Address: 
 

Address: 285 Main Street, Mt. Kisco, NY 10549 

Telephone: Telephone:   914-666-5900 

Fax: Fax:  914-666-0051 

Email: Email: lirons@kdgarchitects.com   

Project Name: Project Location: 
 

RFI Number: Date of Request:  Requested Date of Response (5 business days 
minimum): 

Description, complete with backup data as necessary attached hereto: 
 
 
 
 
 

Sketches of Conditions Specification Paragraph 
Reference(s): 

Drawing Reference(s): 
 
 
 

Proposed Solution: 
 
 
 

Cost Impact: Time Impact: 
 

Trade/Specialty Contractors Affected: 
 

Trade/Specialty Contractors Coordinated With: 
 

Submitted By: 
 

Architect's Response: 
 
 
 

By: Date of Response: 
 

 

mailto:lirons@kdgarchitects.com
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SECTION 013115 – COORDINATION DRAWINGS 

PART 1 - GENERAL 

1.1 SUMMARY  

A. This Section includes preparation of coordination drawings for architectural, structural, 
mechanical, plumbing, fire protection, fire alarm, lighting, information technology, 
security, and electrical Work. 

B. Related Sections include the following: 
 

1. Division 21, 22, 23, 26, 27 and 28 for additional requirements. 

1.2 DEFINITION AND INTENT 

A. The Contract Drawings are diagrammatic only and are not intended to show the 
alignment, exact physical locations, or configurations of such Work.  Performance by 
the Contractor shall be required to the extent consistent with the Contract Documents 
and reasonably inferable from them as being necessary to produce the intended 
results.  Where possible, the Contractor shall take field measurements and verify field 
conditions and shall carefully compare such field measurements and conditions and 
other information known to the Contractor with the Contract Documents before 
commencing coordination drawings. 

B. Coordination drawings are drawings prepared by Contractor that superimpose Work of 
multiple trades involved in the construction process.  Coordination drawings indicate 
systems and components to be installed by the Contractor to maximize clear height 
and free area in ceiling cavities, allow for proper and adequate equipment service 
clearances, minimize space required by shafts and chases and provide the most 
efficient functioning and use of materials possible while complying with the final 
performance and finished appearance required by the Contract Documents. 

C. Coordination drawings are intended to show the relationship and integration of different 
construction elements that require coordination during fabrication or installation to fit in 
the space provided, to function as intended, and to present the intended final finished 
appearance.  

D. Coordination Drawings are not a replacement for shop drawings specified in the 
technical specifications or the Record Drawings required in Division 01.  

E. The Contractor shall manage the process so that each trade/ sub contractor provides 
all required information in a timely manner. Coordination Drawings may be completed 
on a phased basis so as not to delay the overall project schedule. The CPM Schedule 
specified elsewhere in Division 01 Section “Construction Progress Documentation” 
shall include the submission of Coordination Drawings. The same shall demonstrate 
how the Contractor intends to integrate the submission of Coordination Drawings to 
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suit the overall project schedule. The Contractor shall pay all costs for reproducing 
copies of coordination drawings for use in the field.  

F. Contractor shall maintain equipment access and pathways as indicated on the 
Drawings. Floor space in MEP equipment rooms shall be maintained as indicated on 
the Architectural Drawings. Contractor shall clearly indicate access and floor space to 
be maintained in coordinated shop drawings submitted to the Owner and Architect as 
per the Specifications. 

G. Fully coordinated Ceiling Coordination Drawings must be received and approved by 
the Architect before any associated ceiling shop drawings of any trade will be 
reviewed. 

H. Sprinkler heads depicted on architectural drawings are intended to indicate design 
intent of layout only. 

1.3 CONTRACTOR'S USE OF ARCHITECT'S CAD FILES 

A. Refer to Division 01 Section “Submittal Procedures” for availability of and use of  
Architect’s CAD Background Drawings. 

1.4 SUBMITTALS 

A. Coordination Drawings: Prepare and submit as informational submittal within 15 days 
of Notice to Proceed.   

B. Submit coordination drawings in the same manner as shop drawings; refer to Section 
013300 Submittal Procedures.   

1.5 PROJECT CONDITIONS 

A. Maintain marked up set of coordination drawings at Project site available for reference 
by Owner and Architect.   

B. Maintain original CAD drawings or base drawings used to produce coordination 
drawings updated with revisions to reflect actual construction.  Make drawing revisions 
at time of change to construction; Transfer information to CAD drawings no later than 
every 7 days. 

C. Failure to submit coordination drawings will result in no changes to contract sum for 
necessary corrections to uncoordinated work. 

 

PART 2 - PRODUCTS (Not Used) 
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PART 3 - EXECUTION  

3.1 PREPARATION OF COORDINATION DRAWINGS, GENERAL 

A. Prepare coordination drawings for Project using CAD drawings or similar coordination 
documentation overlay drawings indicating coordination of the project. 

B. CAD Drawings: Produce coordination drawings and overlays using Architect’s 
electronic base drawings furnished by the Architect.   

1. Each Prime Contractor shall be assigned a layer to create the detailing work of 
each section or division of the Specifications requiring coordination. Each Prime 
Contractor shall ensure that the layer assigned to them cannot be modified by 
another Contractor or trade, and that the final product clearly differentiates which 
Contractor or trade is responsible for the respective information shown. The latter 
may occur through the use of colors or other distinct graphic methods. 

C. The Architect will assume overall coordination responsibilities for the preparation of the 
coordination drawings, and shall work in collaboration with each Prime Contractor to 
coordinate work by more than one contract. 

1. The Architect will coordinate the addition of trade-specific information to 
coordination drawings by multiple contractors in a sequence that best provides 
for coordination of the information and resolution of conflicts between installed 
components. 

3.2 INFORMATION REQUIRED IN COORDINATION DRAWINGS  

A. Architectural Work Information Required in Coordination Drawings: 
 

1. Items which are recessed into ceilings and ceiling plenums, or surface mounted 
to ceilings. 

2. Anchorages, fastenings, and supporting for items recessed in, attached to, or 
suspended from ceilings or structure above ceilings. 

3. Firewalls, Fire Barrier, Fire partitions and smoke partitions on coordination 
drawings for coordination of life safety requirements. 

B. Plumbing Work Information Required in Coordination Drawings: 
 

1. Sizes and bottom elevations of piping with insulation thickness included.  
2. Dimensions of major components, such valves, access doors and cleanouts. 
3. Fire-rated enclosures around piping  
4. Support of all roof mounted plumbing piping and equipment. 
5. Required space to install, service and maintain all plumbing mechanical items 

and systems. 

C. HVAC Work Information Required in Coordination Drawings: 
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1. Sizes and bottom elevations of ductwork, piping with insulation thickness 
included. 

2. Fire dampers. 
3. Acoustical lining in ductwork. 
4. Identification of ductwork pressure class. 
5. Dimensions of major components, such as dampers, valves, diffusers, access 

doors, cleanouts and electrical distribution equipment. 
6. Fire-rated enclosures around ductwork. 
7. Support of all roof mounted HVAC piping and equipment. 
8. Required space to install, service and maintain all HVAC items and systems. 

D. Electrical Work Information Required in Coordination Drawings: 
 

1. Electrical Work, including telecommunications, data, security, lighting and fire 
alarm systems. 

2. Runs of vertical and horizontal conduit 1-1/4-inch diameter and larger. 
3. Light fixture locations. 
4. Emergency egress light locations. 
5. Smoke detector, and other fire alarm device locations. 
6. Panelboard, switchboard, transformer, cable tray, and motor control center, and 

exit signs. 
7. Location of pull boxes and junction boxes, dimensioned from column center lines. 
8. Bottom elevation of all conduit runs 1-1/4 -inch diameter and larger and of all 

cable trays. 
9. Support of all roof mounted conduit and photovoltaic equipment, cameras, and 

security system devices. 
10. Required space to install, service and maintain all electrical items and systems. 
11. Lightning protection. 

E. Fire Protection System Information Required in Coordination Drawings: 
 

1. Locations of standpipes, valves, mains piping, branch lines, pipe drops, and 
sprinkler heads. 

2. Bottom elevation of main and branch lines. 

F. Structural Work Information Required in Coordination Drawings: 
 

1. Ceiling system. 
2. Openings and sleeve locations required in slabs, walls, beams and other 

structural elements, including required openings not indicated on Contract 
Documents. 

3. Slab edge locations and locations of sleeves dimensioned from building lines and 
floor lines. 

G. Ceiling Systems and Plenum Space in Coordination Drawings: 
 

1. For mechanical, plumbing, fire protection, fire alarm, electrical, controls, and 
telecommunications Work penetrating acoustical ceilings, show locations of each 
item (including sprinkler heads, diffusers, grilles, access doors, light fixtures, 
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smoke detectors, exit signs, speakers, and other visible ceiling mounted devices) 
relative to acoustical ceiling grid or to wall in gypsum board ceilings. 

2. Locate components within ceiling plenums to maximize clear area for future 
installations of lights and equipment. 

3. Clearly indicate areas of conflict between light fixtures, diffusers and grilles and 
plenum boxes and other components on coordination drawings. 

4. Draw elements to dimensions appropriate for products to be installed.  Use of 
symbols is not acceptable. 

3.3 CONFLICTS IN COORDINATION DRAWINGS 

A. The Architect will review the Coordination Drawings to identify areas of conflicts and 
obstacles, and together with the separate Prime Contractors, work to resolve the trade 
conflicts as well as clashes within each trade, until all conflicts are fully coordinated.  

1. Each Prime Contractors shall revise their respective portions of the Coordination 
Drawings to eliminate the collisions and interferences identified.  

2. Each Prime Contractor shall determine that all work can be installed without 
interference. 

3. Each Prime Contractor shall approve the revised Coordination Drawings in 
writing indicating approval of installation coordination and clearances. 

B. In the case of unresolved interference, the Architect will suggest to the Contractors as 
to how to revise the Coordination Drawings to eliminate interference.  The Prime 
Contractors shall then revise their respective Drawings to eliminate the interference. 

1. Each Prime Contractor shall approve the revised Coordination Drawings in 
writing indicating approval of installation coordination and clearances. 

3.4 PREPARATION OF COORDINATION DRAWINGS   

A. Organize coordination drawing submittals as follows: 
 

1. Floor Plans:  Provide floor plans and reflected ceiling plans for all floors.  Show 
architectural, structural, mechanical, plumbing, fire protection, fire alarm, 
electrical, and telecommunications elements on floor plans and reflected ceiling 
plans. 

2. Equipment Rooms and Spaces:  Provide large scale drawings for equipment 
rooms and spaces showing plans and elevations of mechanical, plumbing, fire 
protection, electrical, and telecommunications equipment. 

3. Structural Penetrations:  Provide coordination drawings for each floor indicating 
penetrations and openings required for all trades. 

4. In public and occupied areas without scheduled finish ceilings, appearance is a 
major coordination factor.  Reposition proposed locations of work after 
Coordination Drawing review by the Architect.  Provide adjustments to the exact 
size, location and offsets of ducts, pipes, and conduit to achieve reasonable 
appearance objectives.   Provide these adjustments as part of the Contract or 
notify the Architect immediately as to why the adjustment cannot be made. 



2 November 2022   Chester Union Free School District 
Construction Documents   STEM Lab Alterations 
SED #44-02-01-02-0-009-006   Chester Academy 
 

 

                                                                 013115 - 6  COORDINATION DRAWINGS 

B. Prepare coordination drawings to a scale of 1/4" = 1'- 0" or larger (1/2"= 1'-0" for 
mechanical room plans); detailing major elements, components, and systems of 
mechanical equipment and materials in relationship with other systems, installations, 
and building components.  Indicate locations where space is limited for installation and 
access and where sequencing and coordination of installations are of importance to the 
efficient flow of the Work, including (but not necessarily limited to) the following:  

 
1. Detail complex areas at larger scale than typical floor plans. 
2. Use a common architectural layout as background. 
3. Indicate ductwork, pipes with 6-inch diameter and greater, and conduits with 3-

inch diameter and greater by double lines.  Use single lines for smaller 
mechanical piping and all electrical conduits.  Draw piping, ductwork, lighting 
fixtures, and cable trays in scale. 

4. Circle and clearly note deviations from Contract Documents with reason for 
deviation stated. 

5. Provide name of representative of each subcontractor whose Work is indicated 
on coordination drawings, verifying their review and approval that their Work has 
been coordinated with each other trade and with architectural and structural 
Work. 

END OF SECTION 013115 
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SECTION 013200 - CONSTRUCTION PROGRESS DOCUMENTATION 
 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements for documenting the 
progress of construction during performance of the Work, including the following: 

1. Startup construction schedule. 
2. Contractor's construction schedule. 
3. Architect’s construction schedule. 
4. Project construction schedule 
5. Construction schedule updating reports. 
6. Daily construction reports. 
7. Site condition reports. 
8. Special reports. 

B. Related Requirements: 

1. Section 013300 "Submittal Procedures" for submitting schedules and reports. 
2. Section 014000 "Quality Requirements" for submitting a schedule of tests and 

inspections.  

1.2 DEFINITIONS 

A. Activity:  A discrete part of a project that can be identified for planning, scheduling, 
monitoring, and controlling the construction project.  Activities included in a 
construction schedule consume time and resources. 

1. Critical Activity:  An activity on the critical path that must start and finish on the 
planned early start and finish times. 

2. Predecessor Activity:  An activity that precedes another activity in the network. 
3. Successor Activity:  An activity that follows another activity in the network. 

B. CPM:  Critical path method, which is a method of planning and scheduling a 
construction project where activities are arranged based on activity relationships.  
Network calculations determine when activities can be performed and the critical path 
of Project. 

C. Critical Path:  The longest connected chain of interdependent activities through the 
network schedule that establishes the minimum overall Project duration and contains 
no float. 

D. Event:  The starting or ending point of an activity. 
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E. Float:  The measure of leeway in starting and completing an activity. 

1. Free float is the amount of time an activity can be delayed without adversely 
affecting the early start of the successor activity. 

2. Total float is the measure of leeway in starting or completing an activity without 
adversely affecting the planned Project completion date. 

F. Milestone:  A key or critical point in time for reference or measurement. 

G. Contractor's Construction Schedule:  A construction schedule for the Work of a Prime 
Contractor, prepared by that Prime Contractor. 

H. Architect’s Construction Schedule: A construction schedule for the Project, prepared by 
the Architect with no input from Prime Contractors, indicating milestones, Phasing, and 
other general requirements for the prosecution of the Work of all Contracts. 

I. Project Construction Schedule:  A coordinated construction schedule for the Project, 
prepared and maintained by the Architect, indicating an overall construction schedule 
for the entire Project with input from all Prime Contractors, coordinated by the 
Architect, and accepted by all Prime Contractors. 

1.3 INFORMATIONAL SUBMITTALS 

A. Format for Submittals:  Submit required submittals in the following format: 
 

1. PDF electronic file. 

B. Startup construction schedule. 

C. Startup Network Diagram:  Of size required to display entire network for entire 
construction period.  Show logic ties for activities. 

D. Contractor's Construction Schedule:  Initial schedule, of size required to display entire 
schedule for entire construction period. 

1. Submit a working digital copy of schedule, using software indicated, and labeled 
to comply with requirements for submittals  

2. Architect will review schedule for compliance with Architect’s Construction 
Schedule 

E. Construction Schedule Updating Reports:  Submit with Applications for Payment. 
 

F. Daily Construction Reports:  Submit at monthly intervals. 

G. Site Condition Reports:  Submit at time of discovery of differing conditions. 

H. Special Reports:  Submit at time of unusual event.  

I. Qualification Data:  For scheduling personnel. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 

 

 

                                           013200 - 3  CONSTRUCTION PROGRESS DOCUMENTATION 
 

1.4 QUALITY ASSURANCE 

A. Scheduling Personnel Qualifications:  A consultant or a person in the Contractor’s 
employ who is  experienced in CPM project scheduling and reporting, with capability of 
reviewing Architect's Construction Schedule and Project Construction Schedule, 
correlating them with Contractor’s Construction Schedule, and providing feedback 
reports within time schedule specified.  

B. Prescheduling Conference: After receipt of preliminary Contractor’s Construction 
Schedule from all Prime Contractors, Architect will conduct a schedule review and 
coordination conference at Project site to comply with requirements in Section 013100 
"Project Management and Coordination." Architect will review methods and procedures 
related to the Project Construction Schedule including, but not limited to, the following: 

1. Review software limitations and content and format for reports. 
2. Verify availability of qualified personnel needed to develop and update schedule. 
3. Review submittal requirements and procedures. 
4. Discuss constraints, including phasing, area separations, interim milestones and 

partial Owner occupancy. 
5. Review delivery dates for Owner-furnished products. 
6. Review schedule for work of Owner's separate contracts 
7. Review time required for review of submittals and resubmittals. 
8. Review requirements for tests and inspections by independent testing and 

inspecting agencies. 
9. Review time required for completion and startup procedures. 
10. Review and finalize list of construction activities to be included in schedule. 
11. Review procedures for updating schedule. 
12. Discuss constraints, including phasing work 

1.5 COORDINATION 

A. Coordinate Contractor's construction schedule with the schedule of values, submittal 
schedule, progress reports, payment requests, and other required schedules and 
reports. 

1. Secure time commitments for performing critical elements of the Work from 
entities involved. 

2. Coordinate each construction activity in the network with other activities and 
schedule them in proper sequence. 

1.6 CONTRACTOR'S CONSTRUCTION SCHEDULE 

A. The form of the Contractor’s Construction Schedule will be a CPM schedule. 

B. Computer Scheduling Software:  Prepare schedules using current version of a program 
that has been developed specifically to manage construction schedules. 
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C. Scheduling Consultant:  Engage a consultant to provide planning, evaluation, and 
reporting using CPM scheduling. 

1. In-House Option:  Owner may waive the requirement to retain a consultant if 
Contractor employs skilled personnel with experience in CPM scheduling and 
reporting techniques.  Submit qualifications. 

2. Meetings:  Scheduling consultant shall attend all meetings related to Project 
progress, alleged delays, and time impact. 

D. Time Frame:  Extend schedule from date established for the Notice of Award to date of 
final completion. 

1. Contract completion date shall not be changed by submission of a schedule that 
shows an early completion date, unless specifically authorized by Change Order. 

E. Activities:  Treat each story or separate area as a separate numbered activity for each 
main element of the Work.  Comply with the following: 

1. Activity Duration:  Define activities so no activity is longer than 20 days, unless 
specifically allowed by Architect. 

2. Procurement Activities:  Include procurement process activities for long lead 
items and major items, requiring a cycle of more than 60 days, as separate 
activities in schedule.  Procurement cycle activities include, but are not limited to, 
submittals, approvals, purchasing, fabrication, and delivery. 

3. Submittal Review Time:  Include review and resubmittal times indicated in 
Section 013300 "Submittal Procedures" in schedule.  Coordinate submittal 
review times in Contractor's construction schedule with submittal schedule. 

4. Startup and Testing Time:  Include no fewer than 15 days for startup and testing. 
5. Substantial Completion:  Indicate completion in advance of date established for 

Substantial Completion and allow time for Architect's administrative procedures 
necessary for certification of Substantial Completion. 

6. Punch List and Final Completion:  Include not more than 30 days for completion 
of punch list items and final completion. 

F. Constraints: Include constraints and work restrictions indicated in the Contract 
Documents and as follows in schedule, and show how the sequence of the Work is 
affected. 

1. Phasing: Arrange list of activities on schedule by phase. 
2. Work under More Than One Contract: Include a separate activity for each 

contract. 
3. Work by Owner: Include a separate activity for each portion of the Work 

performed by Owner. 
4. Owner-Furnished Products: Include a separate activity for each product. Include 

delivery date indicated in Section 011000 "Summary." Delivery dates indicated 
stipulate the earliest possible delivery date. 

5. Work Restrictions: Show the effect of the following items on the schedule: 
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a. Coordination with existing construction. 
b. Limitations of continued occupancies. 
c. Uninterruptible services. 
d. Partial occupancy before Substantial Completion. 
e. Use-of-premises restrictions. 
f. Provisions for future construction. 
g. Seasonal variations. 
h. Environmental control. 
 

6. Work Stages:  Indicate important stages of construction for each major portion of 
the Work, including, but not limited to, the following: 

a. Subcontract awards. 
b. Submittals. 
c. Purchases. 
d. Mockups.  
e. Fabrication. 
f. Sample testing. 
g. Deliveries. 
h. Installation. 
i. Tests and inspections. 
j. Adjusting. 
k. Curing. 
l. Startup and placement into final use and operation. 

G. Milestones:  Include milestones indicated in the Contract Documents and in the 
Architect’s Construction Schedule, including, but not limited to, the Notice to Proceed, 
Substantial Completion, and final completion, and the interim milestones indicated on 
the Schedule. 

H. Upcoming Work Summary:  Prepare summary report indicating activities scheduled to 
occur or commence prior to submittal of next schedule update.  Summarize the 
following issues: 

1. Unresolved issues. 
2. Unanswered Requests for Information. 
3. Rejected or unreturned submittals. 
4. Notations on returned submittals. 
5. Pending modifications affecting the Work and Contract Time. 

I. Contractor's Construction Schedule Updating:  At bi-weekly intervals, update schedule 
to reflect actual construction progress and activities.  Issue schedule one week before 
each regularly scheduled progress meeting. 

1. Revise schedule immediately after each meeting or other activity where revisions 
have been recognized or made.  Issue updated schedule concurrently with the 
report of each such meeting. 
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2. Include a report with updated schedule that indicates every change, including, 
but not limited to, changes in logic, durations, actual starts and finishes, and 
activity durations. 

3. As the Work progresses, indicate final completion percentage for each activity. 
4. In no event shall any progress report constitute an adjustment in the Contract 

Time, any Milestone Date or the Contract Sum unless any such adjustment is 
agreed to by the Owner and authorized pursuant to Change Order. 

J. Recovery Schedule:  When periodic update indicates the Work is 14 or more calendar 
days behind the current approved schedule, submit a separate recovery schedule 
indicating means by which Contractor intends to regain compliance with the schedule.  
Indicate changes to working hours, working days, crew sizes, and equipment required 
to achieve compliance, and date by which recovery will be accomplished. 

K. Distribution: Distribute copies of approved schedule to Architect,  Owner, separate 
contractors, testing and inspecting agencies, and other parties identified by Contractor 
with a need-to-know schedule responsibility. 

1. Post copies in Project meeting rooms and temporary field offices. 
2. When revisions are made, distribute updated schedules to the same parties and 

post in the same locations. Delete parties from distribution when they have 
completed their assigned portion of the Work and are no longer involved in 
performance of construction activities. 

1.7 PROJECT CONSTRUCTION SCHEDULE 

A. Form: The form of the Project Construction Schedule will be a CPM schedule. 

B. Responsibilities: The Architect will provide services as the overall project scheduling 
coordinator for Project planning, scheduling and control.  The Architect will prepare and 
maintain the overall Project Construction Schedule with input from the Prime 
Contractors. 

C. Preparation: The procedure for the preparation of the Project Construction Schedule 
shall be as follows:   

 
1. Within 10 days after Notice of Award of Contract or at the preconstruction 

meeting, whichever comes first,  each Prime Contractor shall prepare and submit 
to the Architect, for review and coordination, a detailed start up Contractor’s 
Construction Schedule for his Work showing the details of his compliance with 
the Architect’s Construction Schedule. Contractor’s Construction Schedule shall 
indicate that the Phases of the Project be Substantially Complete by the dates 
indicated in the Architect’s Construction Schedule. 

2. The Architect will review the Contractor’s Construction Schedule and shall advise 
the Contractor if its schedule is acceptable for incorporation into the Project 
Construction Schedule, or if revisions will have to be made.  
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3. Each Prime Contractor shall cooperate with each other and with the Architect in 
coordinating each Contractor’s Construction Schedule to produce the Project 
Construction Schedule.   

4. When the coordinated Project Construction Schedule is produced by the 
Architect, each Prime Contractor shall signify acceptance of Schedule by signing 
the schedule. 

D. Updates/Revisions: The Architect will update the Project Construction Schedule at bi-
weekly intervals to reflect actual construction progress and activities, based on 
feedback reports of Prime Contractors. Each Prime Contractor shall issue revised 
scheduling report (update) to the Architect one week before each regularly scheduled 
progress meeting.  

1. Architect will revise Project Construction Schedule immediately after each 
meeting or other activity where revisions have been recognized or made.  
Architect will issue updated schedule concurrently with the report of each such 
meeting. 

2. As the Work progresses, Project Construction Schedule will indicate Actual 
Completion percentage for each activity. 

3. The Contractor shall monitor the progress of its work for conformance with the 
requirements of the construction schedule and shall promptly advise the Architect 
of any delays or potential delays.  

4. If a schedule update is not submitted by the Contractor in a timely fashion, the 
Contractor shall accept the Project Construction Schedule prepared by the 
Architect as the construction schedule to be used in carrying out its work and the 
Contractor waives its rights to claim damage or delay associated with the time 
requirements set forth in the updated Project Construction Schedule.   

5. The Owner reserves the right to adjust the Project Construction Schedule from 
time to time during construction to mitigate unavoidable problems and ensure 
that the Project Completion Date is achieved. Contractor shall comply with the 
adjusted Project Construction Schedule without additional cost. 

6. When an updated Project Construction Schedule is produced by the Architect, 
each Prime Contractor shall signify acceptance of Schedule by signing the 
schedule. 

E. Distribution: Architect will distribute copies of approved schedule to  Prime Contractors, 
Architect, Owner, separate contractors, testing and inspecting agencies, and other 
parties identified by Architect with a need-to-know schedule responsibility. 

1. Architect will post copies in Project meeting rooms and temporary field offices. 
2. When revisions are made, Architect will distribute updated schedules to the same 

parties and post in the same locations. Parties will be deleted from distribution list 
when they have completed their assigned portion of the Work and are no longer 
involved in performance of construction activities. 

F. Prime Contractors’ Acceptance of Project Construction Schedule: The initial and each 
updated Project Construction Schedule shall be signed by each Prime Contractor, 
indicating acceptance of such schedule.   
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1. A copy of the initial Project Construction Schedule signed and accepted by Prime 
Contractor shall be attached to the initial Application for Payment.  No payment 
will be processed by the Owner until such document has been received. 

2. A copy of the most current Project Construction Schedule signed and accepted 
by Prime Contractor shall be attached to each succeeding Application for 
Payment.  No payment will be processed by the Owner until such document has 
been received. 

1.8 STARTUP CONSTRUCTION SCHEDULE 

A. Gantt-Chart Schedule: Submit startup, horizontal, Gantt-chart-type construction 
schedule within 10 days after Notice of Award of Contract or at the preconstruction 
meeting, whichever comes first. 

B. Preparation: Indicate each significant construction activity separately. Identify first 
workday of each week with a continuous vertical line. Outline significant construction 
activities for first 60 days of construction. Include skeleton diagram for the remainder of 
the Work and a cash requirement prediction based on indicated activities. 

1.9 CPM SCHEDULE REQUIREMENTS 

A. General:  Prepare network diagrams using AON (activity-on-node) format. 

B. Startup Network Diagram:  Submit diagram within 14 days of date established for the 
Notice of Award. Outline significant construction activities for the first 90 days of 
construction.  Include skeleton diagram for the remainder of the Work and a cash 
requirement prediction based on indicated activities. 

C. CPM Schedule:  Prepare Contractor's construction schedule using a time-scaled CPM 
network analysis diagram for the Work. 

1. Develop network diagram in sufficient time to submit CPM schedule so it can be 
accepted for use no later than 45 days after date established for the Notice of 
Award. 

a. Failure to include any work item required for performance of this Contract 
shall not excuse Contractor from completing all work within applicable 
completion dates, regardless of Architect's approval of the schedule. 

2. Conduct educational workshops to train and inform key Project personnel, 
including subcontractors' personnel, in proper methods of providing data and 
using CPM schedule information. 

3. Establish procedures for monitoring and updating CPM schedule and for 
reporting progress.  Coordinate procedures with progress meeting and payment 
request dates. 

4. Use "one workday" as the unit of time for individual activities.  Indicate 
nonworking days and holidays incorporated into the schedule in order to 
coordinate with the Contract Time. 
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D. CPM Schedule Preparation:  Prepare a list of all activities required to complete the 
Work.  Using the startup network diagram, prepare a skeleton network to identify 
probable critical paths. 

1. Activities:  Indicate the estimated time duration, sequence requirements, and 
relationship of each activity in relation to other activities.  Include estimated time 
frames for the following activities: 

a. Preparation and processing of submittals. 
b. Preparation and processing of coordination drawings. 
c. Mobilization and demobilization. 
d. Purchase of materials. 
e. Delivery. 
f. Fabrication. 
g. Utility interruptions. 
h. Installation. 
i. Work by Owner that may affect or be affected by Contractor's activities. 
j. Testing and commissioning. 
k. Punch list and final completion. 
l. Activities occurring following final completion. 

2. Critical Path Activities:  Identify critical path activities, including those for interim 
completion dates.  Scheduled start and completion dates shall be consistent with 
Contract milestone dates. 

3. Processing:  Process data to produce output data on a computer-drawn, time-
scaled network.  Revise data, reorganize activity sequences, and reproduce as 
often as necessary to produce the CPM schedule within the limitations of the 
Contract Time. 

4. Format:  Mark the critical path.  Locate the critical path near center of network; 
locate paths with most float near the edges. 

a. Subnetworks on separate sheets are permissible for activities clearly off 
the critical path. 

E. Contract Modifications:  For each proposed contract modification and concurrent with 
its submission, prepare a time-impact analysis using a network fragment to 
demonstrate the effect of the proposed change on the overall project schedule. 

F. Initial Issue of Schedule:  Prepare initial network diagram from a sorted activity list 
indicating straight "early start-total float."  Identify critical activities.  Prepare tabulated 
reports showing the following: 

1. Contractor or subcontractor and the Work or activity. 
2. Description of activity. 
3. Main events of activity. 
4. Immediate preceding and succeeding activities. 
5. Early and late start dates. 
6. Early and late finish dates. 
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7. Activity duration in workdays. 
8. Total float or slack time. 
9. Average size of workforce. 
10. Dollar value of activity (coordinated with the schedule of values). 

G. Schedule Updating:  Concurrent with making revisions to schedule, prepare tabulated 
reports showing the following: 

1. Identification of activities that have changed. 
2. Changes in early and late start dates. 
3. Changes in early and late finish dates. 
4. Changes in activity durations in workdays. 
5. Changes in the critical path. 
6. Changes in total float or slack time. 
7. Changes in the Contract Time. 

H. Value Summaries:  Prepare two cumulative value lists, sorted by finish dates. 

1. In first list, tabulate activity number, early finish date, dollar value, and cumulative 
dollar value. 

2. In second list, tabulate activity number, late finish date, dollar value, and 
cumulative dollar value. 

3. In subsequent issues of both lists, substitute actual finish dates for activities 
completed as of list date. 

4. Prepare list for ease of comparison with payment requests; coordinate timing 
with progress meetings. 

a. In both value summary lists, tabulate "actual percent complete" and 
"cumulative value completed" with total at bottom. 

b. Submit value summary printouts one week before each regularly scheduled 
progress meeting. 

1.10 REPORTS 

A. Daily Construction Reports:  Prepare a daily construction report recording the following 
information concerning events at Project site: 

1. List of subcontractors at Project site. 
2. List of separate contractors at Project site. 
3. Approximate count of personnel at Project site. 
4. Equipment at Project site. 
5. Material deliveries. 
6. High and low temperatures and general weather conditions, including presence 

of rain or snow. 
7. Accidents. 
8. Meetings and significant decisions. 
9. Unusual events (see special reports). 
10. Stoppages, delays, shortages, and losses. 
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11. Meter readings and similar recordings. 
12. Emergency procedures. 
13. Orders and requests of authorities having jurisdiction. 
14. Change Orders received and implemented. 
15. Construction Change Directives received and implemented. 
16. Services connected and disconnected. 
17. Equipment or system tests and startups. 
18. Partial completions and occupancies. 
19. Substantial Completions authorized. 

B. Site Condition Reports:  Immediately on discovery of a difference between site 
conditions and the Contract Documents, prepare and submit a detailed report.  Submit 
with a Request for Information.  Include a detailed description of the differing 
conditions. 

1.11 SPECIAL REPORTS 

A. General:  Submit special reports directly to Owner within one day(s) of an occurrence.  
Distribute copies of report to parties affected by the occurrence. 

B. Reporting Unusual Events:  When an event of an unusual and significant nature occurs 
at Project site, whether or not related directly to the Work, prepare and submit a special 
report.  List chain of events, persons participating, response by Contractor's personnel, 
evaluation of results or effects, and similar pertinent information.  Advise Owner in 
advance when these events are known or predictable. 

PART 2 - PRODUCTS (not used) 

PART 3 - EXECUTION 

 

END OF SECTION 013200 





2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 
 

 

                                                           013233 - 1  PHOTOGRAPHIC DOCUMENTATION 

SECTION 013233 – PHOTOGRAPHIC DOCUMENTATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes administrative and procedural requirements for the following work by 
the Contractor: 

1. Preconstruction photographs. 
2. Preconstruction videos. 

1.2 SUBMITTALS 

A. Key Plan:  Submit key plan of Project site and buildings with notation of vantage points 
marked for location and direction of each photograph and video.  Indicate elevation or 
story of construction.  Include same label information as corresponding set of photographs 
or video. 

B. Photographs:  Submit two prints of each photographic view  

1. Format:  8-by-10-inch smooth-surface matte prints on single-weight commercial-
grade photographic paper, enclosed back to back in clear plastic sleeves that are 
punched for standard 3-ring binder. 

2. Identification:  On back of each print, provide an applied label or rubber-stamped 
impression with the following information: 

a. Name of project. 
b. Name of Architect. 
c. Name of Contractor. 
d. Date photograph was taken if not date stamped by camera. 
e. Description of vantage point, indicating location, direction (by compass point), 

and elevation or story of construction. 
f. Unique sequential identifier. 

3. Digital Images:  Submit a complete set of digital image electronic files with each 
submittal of prints as a Project Record Document on CD-ROM.  Identify electronic 
media with date photographs were taken.  Submit images that have same aspect 
ratio as the sensor, uncropped. 

C. DVD’s:  Submit 2 copies of each DVD with protective sleeve or case within seven days of 
recording.  

1. Identification:  On each copy, provide an applied label with the following information: 

a. Name of Project. 
b. Name of Architect. 
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c. Name of Contractor. 
d. Date video was recorded. 
e. Description of vantage point, indicating location, direction (by encompass 

point), and elevation or story of construction. 
f. Weather conditions at time of recording. 

PART 2 - PRODUCTS 

2.1 PHOTOGRAPHIC MEDIA 

A. Photographic Film:  Medium format, 2-1/4 by 2-1/4 inches  

B. Digital Images:  Provide images in uncompressed TIFF format, produced by a digital 
camera with minimum sensor size of 4.0 megapixels, and at an image resolution of not 
less than 1600 by 1200 pixels. 

C. Digital Video Recordings:  Provide high-resolution, digital video disc in format acceptable 
to the Owner. 

PART 3 - EXECUTION 

3.1 CONSTRUCTION PHOTOGRAPHS 

A. General:  Take photographs using the maximum range of depth of field, and that are in 
focus, to clearly show the Work.  Photographs with blurry or out-of-focus areas will not be 
accepted. 

1. Maintain key plan with each set of photographs that identifies each photographic 
location. 

B. Film Images: 

1. Date Stamp:  Unless otherwise indicated, date and time stamp each photograph as 
it is being taken so stamp is integral to photograph. 

2. Field Office Prints:  Retain one set of prints of photographs in the field office at 
Project site, available at all times for reference.  

C. Digital Images:  Submit digital images exactly as originally recorded in the digital camera, 
without alteration, manipulation, editing, or modifications using image-editing software. 

1. Date and Time:  Include date and time in filename for each image. 
2. Field Office Images:  Maintain one set of images on CD-ROM in the field office at 

Project site, available at all times for reference.   

D. Preconstruction Photographs:  Before commencement of demolition, or starting 
construction, take color and digital photographs of Project site and surrounding properties, 
including existing items to remain during construction, from different vantage points. 
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1. Take 20 photographs of each existing building to accurately record physical 
conditions at start of demolition or construction. 

2. Take additional photographs as required to record settlement or cracking of adjacent 
structures, pavements, and improvements. 

3.2 CONSTRUCTION DIGITAL VIDEO 

A. Recording:  Mount camera on tripod before starting recording, unless otherwise necessary 
to show area of construction.  Display continuous running time and date.  At start of each 
video, record weather conditions from local newspaper or television and the actual 
temperature reading at Project site. 

B. Narration:  Describe scenes on video by audio narration by microphone while video is 
recorded.  Include description of items being viewed, recent events, and planned activities. 
 At each change in location, describe vantage point, location, direction (by compass point), 
and elevation or story of construction. 

1. Confirm date and time at beginning and end of recording. 
2. Begin each video with name of Project, Contractor's name, videographer's name, 

and Project location. 

C. Preconstruction Video:  Before starting demolition or construction record video of Project 
site and surrounding properties from different vantage points. 

1. Show existing conditions adjacent to Project site before starting the Work. 
2. Show existing buildings either on or adjoining Project site to accurately record 

physical conditions at the start of demolition, or construction. 
3. Show protection efforts by Contractor. 

END OF SECTION 013233 
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SECTION 013300 - SUBMITTAL PROCEDURES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes requirements for the submittal schedule and administrative and 
procedural requirements for submitting Shop Drawings, Product Data, Samples, and 
other submittals. 

B. Related Requirements: 

1. Section 012900 "Payment Procedures" for submitting Applications for Payment 
and the schedule of values. 

2. Section 013200 "Construction Progress Documentation" for submitting schedules 
and reports, including Contractor's construction schedule. 

3. Section 017823 "Operation and Maintenance Data" for submitting operation and 
maintenance manuals. 

4. Section 017839 "Project Record Documents" for submitting record Drawings, 
record Specifications, and record Product Data. 

5. Section 017900 "Demonstration and Training" for submitting video recordings of 
demonstration of equipment and training of Owner's personnel. 

1.2 DEFINITIONS 

A. Action Submittals:  Written and graphic information and physical samples that require 
Architect's responsive action.  Action submittals are those submittals indicated in 
individual Specification Sections as "action submittals." 

B. Informational Submittals:  Written and graphic information and physical samples that 
do not require Architect's responsive action.  Submittals may be rejected for not 
complying with requirements.  Informational submittals are those submittals indicated 
in individual Specification Sections as "informational submittals." 

C. Portable Document Format (PDF):  An open standard file format licensed by Adobe 
Systems used for representing documents in a device-independent and display 
resolution-independent fixed-layout document format. 

1.3 ACTION SUBMITTALS 

A. Submittal Schedule:  Submit a schedule of submittals, arranged in chronological order 
by dates required by construction schedule.  Include time required for review, ordering, 
manufacturing, fabrication, and delivery when establishing dates.  Include additional 
time required for making corrections or revisions to submittals noted by Architect and 
additional time for handling and reviewing submittals required by those corrections. 

1. Coordinate submittal schedule with list of subcontracts, the schedule of values, 
and Contractor's construction schedule. 

2. Allow sufficient processing time; as a minimum, as indicated in this Section.  
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3. Initial Submittal:  Submit concurrently with startup construction schedule.  Include 
submittals required during the first 60 days of construction.  List those submittals 
required to maintain orderly progress of the Work and those required early 
because of long lead time for manufacture or fabrication. 

4. Final Submittal:  Submit concurrently with the first complete submittal of 
Contractor's construction schedule. 

a. Submit revised submittal schedule to reflect changes in current status and 
timing for submittals. 

5. Format:  Arrange the following information in a tabular format: 

a. Scheduled date for first submittal. 
b. Specification Section number and title. 
c. Submittal category:  Action; informational. 
d. Name of subcontractor. 
e. Description of the Work covered. 
f. Scheduled date for Architect's  final release or approval. 
g. Scheduled date of fabrication. 
h. Scheduled dates for purchasing. 
i. Scheduled dates for installation. 
j. Activity or event number. 

B. Architect will review Submittal Schedule for concentrations, overloading and similar 
conflicts which will impact the Architect’s ability to meet the schedule and propose 
revisions to the duration of processing time to the Contractor. 

C. No payment will be made to Contractor until complete Schedule of Submittals has 
been received and accepted by Owner and Architect. 

D. The Contractor shall not be entitled to any increase in Contract Sum or extension of 
Contract Time based on the time required for review of submittals if the Contractor fails 
to submit a Submittal Schedule. 

1.4 SUBMITTAL ADMINISTRATIVE REQUIREMENTS 

A. Architect's Digital Data Files:    

1. Any request for digital data files shall be solely and exclusively for use related to 
this Project. 

2. CAD Background Drawings: Electronic copies of CAD Background Drawings of 
the Contract Documents in editable file format will be available from the Architect 
as a convenience to the Contractor for use in preparing shop drawings for this 
Project.  Refer to “Contractor Request for Electronic Drawing Files” attached to 
the end of this Section for procedures for ordering and transfer of files and for 
Architect’s limitations of liability for transfer.  
a. CAD Background Drawings files requested will be delivered in editable file 

format indicated, and will not be further altered by the Architect prior to 
delivering them to any said party.  
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3. Each contractor requesting electronic data file shall submit a request for 
Electronic Drawing Files, prior to delivery of said files.  No contractor, 
subcontractor, trade, supplier or entity shall transfer these Electronic Files 
received from the Architect, or any portion thereof to any third party 
(“Transferee”) without written permission of the Architect. 

4. The Architect will transfer files to the requesting entity via the Project Information 
Management (PIM) software. 

5. All files are a schematic representation of elements within the project.  All 
Contractors are responsible for field verification and coordination with other 
trades. 

6. Use of these files does not relieve the Contractor from producing Coordination 
Drawings and Shop Drawings required by the Contract. 

B. Coordination:  Coordinate preparation and processing of submittals with performance 
of construction activities. 

1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other 
submittals, and related activities that require sequential activity. 

2. Submit all submittal items required for each Specification Section concurrently 
unless partial submittals for portions of the Work are indicated on approved 
submittal schedule. 

3. Submit action submittals and informational submittals required by the same 
Specification Section as separate packages under separate transmittals. 

4. Submit product data, shop drawings and samples relating to a complete 
assembly at one time.  Partial submittals will be returned without action. 

5. Interrelated color selections will not be made until all pertinent samples are 
received by the Architect. 

6. Coordinate transmittal of different types of submittals for related parts of the 
Work so processing will not be delayed because of need to review submittals 
concurrently for coordination. 

a. Architect reserves the right to withhold action on a submittal requiring 
coordination with other submittals until related submittals are received. 

C. Processing Time:  Allow sufficient time for submittal review, including time for 
resubmittals, as follows.  Time for review shall commence on Architect's receipt of 
submittal.  No extension of the Contract Time will be authorized because of failure to 
transmit submittals enough in advance of the Work to permit processing, including 
resubmittals. 

1. Initial Review:  Allow a minimum of 15 working days for initial review of each 
submittal.  Allow additional time if coordination with subsequent submittals is 
required.  Architect will advise Contractor when a submittal being processed 
must be delayed for coordination. 

2. Resubmittal Review:  Allow a minimum of 15 working days for review of each 
resubmittal. 

3. Sequential Review:  Where sequential review of submittals by Architect's 
consultants, Owner, or other parties is indicated, allow a minimum of 21 calendar 
days for initial review of each submittal. Any sequential reviews shall be identified 
on the Submittal Schedule by the Architect and agreed upon by the Project team. 
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D. Paper Submittals:  Place a permanent label or title block on each submittal item for 
identification. 

1. Indicate name of firm or entity that prepared each submittal on label or title block. 
2. Place fully executed “Submittal Cover Sheet” attached to the end of this Section 

as first page of every paper submittal. Complete all required information before 
submitting to Architect.  Submittals received without Submittal Cover Sheet or 
with incomplete information on cover sheet will be returned for resubmission  

3. Include Contractor's stamp indicating information complies with Contract 
Document requirements.  

4. Submittals indicating less than complete review by Contractor will be returned for 
Contractor's compliance without Architect's review. 

5. Additional Paper Copies:  Unless additional copies are required for final 
submittal, and unless Architect observes noncompliance with provisions in the 
Contract Documents, initial submittal may serve as final submittal. 

6. Transmittal for Paper Submittals:  Assemble each submittal individually and 
appropriately for transmittal and handling.  Transmit each submittal using a 
transmittal form acceptable to Architect and Owner. Architect will return without 
review submittals received from sources other than Contractor. 
a. Transmit all submittals to Architect.  
b. When submittal requires review of data by Structural Engineer or 

Mechanical or Electrical Engineers, submit a copy directly to such engineer 
with a copy to the Architect. 

E. Electronic Submittals:  Identify and incorporate information in each electronic submittal 
file as follows: 

1. Assemble complete submittal package into a single indexed file incorporating 
submittal requirements of a single Specification Section and transmittal form with 
links enabling navigation to each item. 

2. Place fully executed “Submittal Cover Sheet” attached to the end of this Section 
as first page of every electronic submittal. Complete all required information 
before submitting to Architect.  Submittals received without Submittal Cover 
Sheet or with incomplete information on cover sheet will be returned for 
resubmission. 

3. Name file with submittal number or other unique identifier, including revision 
identifier. 

a. File name shall use project identifier and Specification Section number 
followed by a decimal point and then a sequential number (e.g., LNHS-
061000.01).  Resubmittals shall include an alphabetic suffix after another 
decimal point (e.g., LNHS-061000.01.A). 

4. Transmittal Form for Electronic Submittals:  Use software-generated form from 
electronic project management software or electronic form acceptable to Owner, 
containing the following information: 

a. Project name. 
b. Date. 
c. Name and address of Architect. 
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d. Name of Contractor. 
e. Name of firm or entity that prepared submittal. 
f. Names of subcontractor, manufacturer, and supplier. 
g. Category and type of submittal. 
h. Submittal purpose and description. 
i. Specification Section number and title. 
j. Specification paragraph number or drawing designation and generic name 

for each of multiple items. 
k. Drawing number and detail references, as appropriate. 
l. Location(s) where product is to be installed, as appropriate. 
m. Related physical samples submitted directly. 
n. Indication of full or partial submittal. 
o. Submittal and transmittal distribution record. 
p. Other necessary identification. 
q. Remarks. 

F. Options:  Identify options requiring selection by Architect. 

G. Deviations and Additional Information:  On an attached separate sheet, prepared on 
Contractor's letterhead, record relevant information, requests for data, revisions other 
than those requested by Architect  on previous submittals, and deviations from 
requirements in the Contract Documents, including minor variations and limitations.  
Include same identification information as related submittal. 

H. Resubmittals:  Make resubmittals in same form and manner as initial submittal. 

1. Note date and content of previous submittal. 
2. Note date and content of revision in label or title block and clearly indicate extent 

of revision. 
3. Resubmit submittals until they are marked with approval notation from 

Architect's action stamp. 
4. Architect’s Re-review of Submittals: When resubmittals are required due to 

Contractor’s failure to properly coordinate submittals, including coordination with 
other Prime Contractors, Contractor shall reimburse the Owner for fees paid to 
the Architect for re-review of submittals through a credit change order, in 
accordance with the Architect’s current fee schedule. 

I. Distribution:  Furnish copies of final submittals to manufacturers, subcontractors, 
suppliers, fabricators, installers, authorities having jurisdiction, and others as necessary 
for performance of construction activities.  Show distribution on transmittal forms. 

J. Use for Construction:  Retain complete copies of submittals on Project site.  Use only 
final action submittals that are marked with approval notation from Architect's action 
stamp.  

1. The Contractor shall perform no portion of its work requiring submittal and review 
of shop drawings, product data, samples or similar submittals until the respective 
submittal has been approved by the Architect.  Such work shall be in accordance 
with approved submittals. 
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2. The Contractor shall supply shop drawings to other Contractors engaged by the 
Owner to perform work in connection with the project to ensure proper 
coordination of its work with theirs. 

3. Do not proceed with installation until an applicable copy of the submittal is in the 
installer's possession. 

4. Do not permit use of unmarked copies of submittals in connection with 
construction. 

K. Project Information Management System: The submittal process will be implemented 
through the use of a digital processing and tracking software similar to “Submittal 
Exchange”. Use this Project Information Management (PIM) software to transmit all 
submittals. Contractors must participate in and become capable in using this system. 

1.5 SUBMITTAL PROCEDURES 

A. General Submittal Procedure Requirements:  Prepare and submit submittals required 
by individual Specification Sections.  Types of submittals are indicated in individual 
Specification Sections. 

1. Post electronic submittals as PDF electronic files directly to Architect’s project 
information transmission web based software specifically established for Project. 

a. Architect will return annotated file.  Annotate and retain one copy of file as 
an electronic Project record document file. 

2. Action Submittals:  Submit electronic file except where paper copies of submittals 
are specifically required. 

3. Informational Submittals:  Submit electronic file except where paper copies of 
submittals are specifically required.  

4. Certificates and Certifications Submittals:  Provide a statement that includes 
signature of entity responsible for preparing certification.  Certificates and 
certifications shall be signed by an officer or other individual authorized to sign 
documents on behalf of that entity. 

a. Provide a notarized statement on original paper copy certificates and 
certifications where indicated. 

B. Product Data:  Collect information into a single submittal for each element of 
construction and type of product or equipment. 

1. If information must be specially prepared for submittal because standard 
published data are not suitable for use, submit as Shop Drawings, not as Product 
Data. 

2. Do not submit Product Data until compliance with requirements of the Contract 
Documents has been confirmed. 

3. Mark each copy of each submittal to show which products and options are 
applicable. Strike extraneous information prior to submittal 

4. Include the following information, as applicable: 

a. Manufacturer's catalog cuts. 
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b. Manufacturer's product specifications. 
c. Standard color charts. 
d. Statement of compliance with specified referenced standards. 
e. Testing by recognized testing agency. 
f. Application of testing agency labels and seals. 
g. Notation of coordination requirements. 
h. Availability and delivery time information. 

5. For equipment, include the following in addition to the above, as applicable: 

a. Wiring diagrams showing factory-installed wiring. 
b. Printed performance curves. 
c. Operational range diagrams. 
d. Clearances required to other construction, if not indicated on 

accompanying Shop Drawings. 

6. Submit Product Data before or concurrent with Samples. 
7. Submit Product Data in the following format: 

a. PDF electronic file, unless requested by Architect. 

C. Shop Drawings:  Prepare Project-specific information, drawn accurately to scale.  Do 
not base Shop Drawings on reproductions of the Contract Documents or standard 
printed data, unless submittal based on Architect's digital data drawing files is 
otherwise permitted. Standard information prepared without specific reference to the 
Project is not considered a Shop Drawing.  Verify field measurements prior to 
preparation of shop drawings. 

1. Preparation:  Fully illustrate requirements in the Contract Documents.  Include 
the following information, as applicable: 

a. Identification of products. 
b. Schedules. 
c. Compliance with specified standards. 
d. Notation of coordination requirements. 
e. Notation of dimensions established by field measurement. 
f. Relationship and attachment to adjoining construction clearly indicated. 
g. Seal and signature of professional engineer if specified. 

2. Sheet Size:  Except for templates, patterns, and similar full-size drawings, submit 
Shop Drawings on sheets at least 8-1/2 by 11 inches (215 by 280 mm), but no 
larger than 30 by 42 inches (750 by 1067 mm). 

3. Submit Shop Drawings in the following format: 

a. PDF electronic file, unless requested by Architect. 
In addition to submission of electronic files, submit 3 paper copies of fire 
alarm shop drawings and sprinkler shop drawings with Contractor approval 
stamps applied, for submittal to the AHJ Code Review for review and 
comment, as required. 
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D. Samples:  Submit Samples for review of kind, color, pattern, and texture for a check of 
these characteristics with other elements and for a comparison of these characteristics 
between submittal and actual component as delivered and installed. 

1. Transmit Samples that contain multiple, related components such as accessories 
together in one submittal package. 

2. Identification:  Attach label on unexposed side of Samples that includes the 
following: 

a. Generic description of Sample. 
b. Product name and name of manufacturer. 
c. Sample source. 
d. Number and title of applicable Specification Section. 
e. Specification paragraph number and generic name of each item. 

3. For projects where electronic submittals are required, provide corresponding 
electronic submittal of Sample transmittal, digital image file illustrating Sample 
characteristics, and identification information for record. 

4. Disposition:  Maintain sets of approved Samples at Project site, available for 
quality-control comparisons throughout the course of construction activity.  
Sample sets may be used to determine final acceptance of construction 
associated with each set. 

a. Samples that may be incorporated into the Work are indicated in individual 
Specification Sections.  Such Samples must be in an undamaged condition 
at time of use. 

b. Samples not incorporated into the Work, or otherwise designated as 
Owner's property, are the property of Contractor. 

5. Samples for Initial Selection:  Submit manufacturer's color charts consisting of 
units or sections of units showing the full range of colors, textures, and patterns 
available. 

a. Number of Samples:  Submit three full set(s) of available choices where 
color, pattern, texture, or similar characteristics are required to be selected 
from manufacturer's product line.  Architect will return submittal with 
options selected. 

6. Samples for Verification:  Submit full-size units or Samples of size indicated, 
prepared from same material to be used for the Work, cured and finished in 
manner specified, and physically identical with material or product proposed for 
use, and that show full range of color and texture variations expected.  Samples 
include, but are not limited to, the following:  partial sections of manufactured or 
fabricated components; small cuts or containers of materials; complete units of 
repetitively used materials; swatches showing color, texture, and pattern; color 
range sets; and components used for independent testing and inspection. 

a. Number of Samples:  Submit three sets of Samples.  Architect will retain 
two Sample sets; remainder will be returned. 
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1) Submit a single Sample where assembly details, workmanship, 
fabrication techniques, connections, operation, and other similar 
characteristics are to be demonstrated. 

2) If variation in color, pattern, texture, or other characteristic is inherent 
in material or product represented by a Sample, submit at least three 
sets of paired units that show approximate limits of variations. 

E. Product Schedule:  As required in individual Specification Sections, prepare a written 
summary indicating types of products required for the Work and their intended location.  
Include the following information in tabular form: 

1. Type of product.  Include unique identifier for each product indicated in the 
Contract Documents or assigned by Contractor if none is indicated. 

2. Manufacturer and product name, and model number if applicable. 
3. Number and name of room or space. 
4. Location within room or space. 
5. Submit product schedule in the following format: 

a. PDF electronic file. 

F. Coordination Drawing Submittals:  Comply with requirements specified in 
Section 013115 “Coordination Drawings.”  

G. Contractor's Construction Schedule:  Comply with requirements specified in 
Section 013200 "Construction Progress Documentation." 

H. Application for Payment and Schedule of Values:  Comply with requirements specified 
in Section 012900 "Payment Procedures." 

I. Test and Inspection Reports and Schedule of Tests and Inspections Submittals:  
Comply with requirements specified in Section 014000 "Quality Requirements." 

J. Closeout Submittals and Maintenance Material Submittals:  Comply with requirements 
specified in Section 017700 "Closeout Procedures." 

K. Maintenance Data:  Comply with requirements specified in Section 017823 "Operation 
and Maintenance Data." 

L. Qualification Data:  Prepare written information that demonstrates capabilities and 
experience of firm or person.  Include lists of completed projects with project names 
and addresses, contact information of architects and owners, and other information 
specified. 

M. Welding Certificates:  Prepare written certification that welding procedures and 
personnel comply with requirements in the Contract Documents.  Submit record of 
Welding Procedure Specification and Procedure Qualification Record on AWS forms.  
Include names of firms and personnel certified. 
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N. Installer Certificates:  Submit written statements on manufacturer's letterhead certifying 
that Installer complies with requirements in the Contract Documents and, where 
required, is authorized by manufacturer for this specific Project. 

O. Manufacturer Certificates:  Submit written statements on manufacturer's letterhead 
certifying that manufacturer complies with requirements in the Contract Documents.  
Include evidence of manufacturing experience where required. 

P. Product Certificates:  Submit written statements on manufacturer's letterhead certifying 
that product complies with requirements in the Contract Documents. 

Q. Material Certificates:  Submit written statements on manufacturer's letterhead certifying 
that material complies with requirements in the Contract Documents. 

R. Material Test Reports:  Submit reports written by a qualified testing agency, on testing 
agency's standard form, indicating and interpreting test results of material for 
compliance with requirements in the Contract Documents. 

S. Product Test Reports:  Submit written reports indicating that current product produced 
by manufacturer complies with requirements in the Contract Documents.  Base reports 
on evaluation of tests performed by manufacturer and witnessed by a qualified testing 
agency, or on comprehensive tests performed by a qualified testing agency. 

T. Research/Evaluation Reports:  Submit written evidence, from a model code 
organization acceptable to authorities having jurisdiction, that product complies with 
building code in effect for Project.  Include the following information: 

1. Name of evaluation organization. 
2. Date of evaluation. 
3. Time period when report is in effect. 
4. Product and manufacturers' names. 
5. Description of product. 
6. Test procedures and results. 
7. Limitations of use. 

U. Preconstruction Test Reports:  Submit reports written by a qualified testing agency, on 
testing agency's standard form, indicating and interpreting results of tests performed 
before installation of product, for compliance with performance requirements in the 
Contract Documents. 

V. Compatibility Test Reports:  Submit reports written by a qualified testing agency, on 
testing agency's standard form, indicating and interpreting results of compatibility tests 
performed before installation of product.  Include written recommendations for primers 
and substrate preparation needed for adhesion. 

W. Field Test Reports:  Submit written reports indicating and interpreting results of field 
tests performed either during installation of product or after product is installed in its 
final location, for compliance with requirements in the Contract Documents. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 

                                                        013300 - 11  SUBMITTAL PROCEDURES 

X. Design Data:  Prepare and submit written and graphic information, including, but not 
limited to, performance and design criteria, list of applicable codes and regulations, and 
calculations.  Include list of assumptions and other performance and design criteria and 
a summary of loads.  Include load diagrams if applicable.  Provide name and version of 
software, if any, used for calculations.  Include page numbers. 

1.6 DELEGATED-DESIGN SERVICES 

A. Performance and Design Criteria:  Where professional design services or certifications 
by a design professional are specifically required of Contractor by the Contract 
Documents, provide products and systems complying with specific performance and 
design criteria indicated. 

1. If criteria indicated are not sufficient to perform services or certification required, 
submit a written request for additional information to Architect. 

B. Delegated-Design Services Certification:  In addition to Shop Drawings, Product Data, 
and other required submittals, submit digitally signed PDF electronic file of certificate, 
signed and sealed by the responsible design professional, for each product and system 
specifically assigned to Contractor to be designed or certified by a design professional. 

1. Indicate that products and systems comply with performance and design criteria 
in the Contract Documents.  Include list of codes, loads, and other factors used in 
performing these services. 

PART 2 - EXECUTION 

2.1 CONTRACTOR'S REVIEW 

A. Action and Informational Submittals:  Review each submittal and check for coordination 
with other Work of the Contract and for compliance with the Contract Documents.  Note 
corrections and field dimensions.  Mark with approval stamp before submitting to 
Architect . 

B. Project Closeout and Maintenance Material Submittals:  See requirements in 
Section 017700 "Closeout Procedures." 

C. Approval Stamp:  Stamp each submittal with a uniform, approval stamp.  Include 
Project name and location, submittal number, Specification Section title and number, 
name of reviewer, date of Contractor's approval, and statement certifying that submittal 
has been reviewed, checked, and approved for compliance with the Contract 
Documents. 

2.2 ARCHITECT'S ACTION 

A. Action Submittals:  Architect will review each submittal, make marks to indicate 
corrections or revisions required, and return it.  Architect will stamp each submittal with 
an action stamp and will mark stamp appropriately to indicate action. 
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B. Architect’s Actions: 

1. Contractor may proceed with fabrication on submittals marked "No Exception 
Taken" or "Make Corrections Noted" provided that the Contractor adheres to the 
corrections noted. 

2. Contractor may not proceed with fabrication on shop drawings noted "Revise and 
Resubmit" or "Rejected" until "No Exception Taken" or "Make Corrections Noted" 
stamp is received on resubmitted drawing. 

3. Contractor may not proceed with fabrication on the specific shop drawings noted 
"Partial Resubmit" until "No Exception Taken" or "Make Corrections Noted" 
stamp is received on resubmitted drawing. 

4. Do not permit submittals marked "Revise and Resubmit," or "Rejected," to be 
used at Project site, or elsewhere where Work is in progress. 

5. Other Action:  Where submittal is primarily for information or record purposes, 
special processing or other activity, submittal will be returned, marked "No Action 
Taken." 

C. Informational Submittals:  Architect will review each submittal and will not return it, or 
will return it if it does not comply with requirements.  Architect will forward each 
submittal to appropriate party. 

D. Partial submittals prepared for a portion of the Work will be reviewed when use of 
partial submittals has received prior approval from Architect. 

E. Incomplete submittals are unacceptable, will be considered nonresponsive, and will be 
returned for resubmittal without review. 

F. Submittals not required by the Contract Documents may be returned by the Architect 
without action. 

END OF SECTION 013300 
 
ATTACHMENTS:   

- Submittal Cover Sheet 
- Contractor’s Request for Electronic Drawing  



 013300a – 1 SUBMITTAL COVER SHEET 

SUBMITTAL COVER SHEET 
 
Contractor:_________________________________________________________________________ 

 
Address:______________________________________________ Telephone: (    )_______________ 
 

TYPE OF SUBMITTAL: 
 

Shop Drawings 
Technical Data 
Test Report 

 
Schedule 
Certificate 
Warranty 

 
Physical Sample 
Color Sample 
_____________ 

 

Submission #: (circle one)    1st     2nd    3rd    4th     
 

 

Contractor Remarks: Contractor Submittal Review Stamp 
  

 THE ATTACHED MATERIAL HAS BEEN REVIEWED BY THE UNDERSIGNED 
AND IS BELIEVED TO COMPLY WITH ALL REQUIREMENTS OF THE 
CONTRACT DOCUMENTS. THE UNDERSIGNED UNDERSTANDS 
VERIFICATION OF FIELD DIMENSIONS, AND COORDINATION WITH OTHER 
TRADES, REMAINS THE RESPONSIBILITY OF THE CONTRACTOR.  

 
  

 DATE: _______________  BY (SIGN): ____________________ 
 

 

Consultant use below this line: Architect Submittal Review Stamp 

 
NO EXCEPTIONS   MAKE CORRECTIONS NOTED 
REJECTED  REVISE AND RESUBMIT 
EXAMINED  SUBMIT SPECIFIED ITEM 

 
CHECKING IS ONLY FOR GENERAL CONFORMANCE WITH THE DESIGN 
CONCEPT OF THE PROJECT AND GENERAL COMPLIANCE WITH THE 
INFORMATION GIVEN IN THE CONTRACT DOCUMENTS. ANY ACTION 
SHOWN IS SUBJECT TO THE REQUIREMENTS OF THE PLANS & 
SPECIFICATIONS. CONTRACTOR IS RESPONSIBLE FOR DIMENSIONS 
WHICH SHALL BE CONFIRMED & CORRELATED AT THE JOB SITE; 
FABRICATION PROCESSES AND TECHNIQUES OF CONSTRUCTION; 
COORDINATION OF HIS WORK WITH THAT OF ALL OTHER TRADES & THE 
SATISFACTORY PERFORMANCE OF HIS WORK 
 

KG+D ARCHITECTS, P.C. 
 
DATE_______________  BY____________________________________ 

 
 

Owner:  
 
 Name of Project:  

Description: 
 
Product Identification: _______________________________________________________ 

                                    _______________________________________________________ 

Manufacturer:              _______________________________________________________ 

Subcontractor/Supplier:______________________________________________________ 

DOCUMENT REFERENCES: (Must be fully filled out) 

Spec Section No.:______________________    Drawing No(s):_______________________ 

Paragraph: ___________________________    Rm. Or Det. No(s):____________________ 
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CONTRACTOR REQUEST FOR ELECTRONIC DRAWING FILES 
 

The Architect, for the convenience of the Client/Owner, has electronic copies or 
representations of Drawings, Specifications and Project Manuals.  Requests for electronic 
copies of such Drawings, Specifications and Project Manuals by the Contractor, for the 
Contractors use or the use of Subcontractors, shall be made in writing to the Client/Owner 
as outlined hereinbelow and shall outline the benefit derived from such a request.  The 
Contractor shall be prepared to reimburse the Client/Owner for any costs involved in 
preparing such electronic documents for the Contractors use. 

 

Architect’s Project Number:  

Project Name:  

Architect:  

Client/Owner:  

  

Contractor/Recipient’s Name:  

Attention to:  

Contractor/Recipient’s Address:  

  

Date of Request:  

Date of Release:  

 
As requested, attached is a list of electronic drawing files.  For the release of these electronic 
drawing files to the recipient, the following items shall be understood, acknowledged and signed 
by the authorized personnel of the recipient with the fee included. 
 
A. The electronic drawing files are the property of the Architect and the Contractor is granted 

a license to use the electronic files only in connection with the subject project.   
B. The electronic drawing files do not necessarily represent the Contract Documents 

associated with the referenced project.  These files are solely for the use of the recipient 
and are not a representation of the scope of work for the project.  Any use by contractors, 
subcontractors or fabricators shall be on all of the same terms and conditions being 
applicable to such users who shall acknowledge the same in writing.  The Recipient may 
use the electronic drawing files only.  Electronic drawing files or portions thereof, shall not 
be provided to anyone else without the written approval of the Client/Owner. The use of 
the electronic drawing files, documents and any reprographics shall not identify any 
member of the Architect or Architect’s consultants or sub-consultants or the Client/Owner 
without the written approval from the parties. 

C. The entire risks as to the results and performance of the package including the electronic 
drawing files, are assumed by the Contractor/recipient.  The Client/Owner, the Architect 
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and the Architect’s consultants and sub-consultants, including directors, employees, 
representatives, and licensors of the company, shall not have any liability to the 
Contractor/recipient or any other person or entity for any direct, indirect, incidental special 
or consequential damages whatsoever, including, but not limited to, the loss of revenue 
or profit, lost data, or any other personnel, commercial or economic loss, and claims by 
third parties.  Even if the Client/Owner and Architect and the Architect’s consultants and 
sub-consultants has been advised of the possibility of such damages; said Client/Owner 
and Architect and the Architect’s consultants and sub-consultants shall not be held liable 
as stated above. 

D. The Contractor/recipient hereby agrees to indemnify and hold the Client/Owner, the 
Architect and the Architect’s consultants and sub-consultants harmless from and against 
any cost, damage, liability, loss or claim arising from violation of this license.  The 
Contractor/recipient and all subcontractors of all tiers also agrees that, in addition to all 
other remedies hereunder, the Contractor/recipient and such parties grant the 
Client/Owner the right to seek injunctive or other equitable relief to prevent the violation or 
require the performance of any of the Contractor’s/recipient’s obligations under this 
license, and the Contractor/recipient hereby consents to the issuance of such relief by any 
court of competent jurisdiction without the need to post any bond or security.  

E. The electronic files requested are as follows: 
 

Electronic file name Corresponding Drawing 
(close approximation) 

1.  

2.  

3.  

Etc.  

  

Total number of files:  

 
CONTRACTOR’S/RECIPIENT’S AGENT SIGNATURE: _______________________________ 

NAME IN BLOCK LETTERS: ____________________________________________________ 

AUTHORIZED POSITION HELD: _________________________________________________ 

DATE OF SIGNATURE: ________________________________________________________ 

 
**End of Attachment** 
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SECTION 014000 - QUALITY REQUIREMENTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements for quality assurance and 
quality control. 

1. This Section does not include requirements for performing Special Inspections 
and Tests in compliance with Chapter 17 of the Building Code of New York State; 
refer to Section 014100. 

B. Testing and inspecting services are required to verify compliance with requirements 
specified or indicated.  These services do not relieve Contractor of responsibility for 
compliance with the Contract Document requirements. 

1. Specific quality-assurance and -control requirements for individual construction 
activities are specified in the Sections that specify those activities.  Requirements 
in those Sections may also cover production of standard products. 

2. Specified tests, inspections, and related actions do not limit Contractor's other 
quality-assurance and -control procedures that facilitate compliance with the 
Contract Document requirements. 

3. Requirements for Contractor to provide quality-assurance and -control services 
required by Architect, Owner,  or authorities having jurisdiction are not limited by 
provisions of this Section. 

1.2 DEFINITIONS 

A. Quality-Assurance Services:  Activities, actions, and procedures performed before and 
during execution of the Work to guard against defects and deficiencies and 
substantiate that proposed construction will comply with requirements. 

B. Quality-Control Services:  Tests, inspections, procedures, and related actions during 
and after execution of the Work to evaluate that actual products incorporated into the 
Work and completed construction comply with requirements.  Services do not include 
contract enforcement activities performed by Architect or Owner. 

C. Preconstruction Testing:  Tests and inspections performed specifically for Project 
before products and materials are incorporated into the Work, to verify performance or 
compliance with specified criteria. 

D. Product Testing:  Tests and inspections that are performed by an NRTL, an NVLAP, or 
a testing agency qualified to conduct product testing and acceptable to authorities 
having jurisdiction, to establish product performance and compliance with specified 
requirements. 
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E. Source Quality-Control Testing:  Tests and inspections that are performed at the 
source, e.g., plant, mill, factory, or shop. 

F. Field Quality-Control Testing:  Tests and inspections that are performed on-site for 
installation of the Work and for completed Work. 

G. Testing Agency:  An entity engaged to perform specific tests, inspections, or both.  
Testing laboratory shall mean the same as testing agency. 

H. Installer/Applicator/Erector:  Contractor or another entity engaged by Contractor as an 
employee, Subcontractor, or Sub-subcontractor, to perform a particular construction 
operation, including installation, erection, application, and similar operations. 

1. Use of trade-specific terminology in referring to a trade or entity does not require 
that certain construction activities be performed by accredited or unionized 
individuals, or that requirements specified apply exclusively to specific trade(s). 

I. Experienced:  When used with an entity or individual, "experienced" means having 
successfully completed a minimum of five previous projects similar in nature, size, and 
extent to this Project; being familiar with special requirements indicated; and having 
complied with requirements of authorities having jurisdiction. 

J. Mockups: Physical assemblies of portions of the Work constructed to establish the 
standard by which the Work will be judged. Mockups are not Samples. 

1. Mockups are used for one or more of the following: 

a. Verify selections made under Sample submittals. 
b. Demonstrate aesthetic effects. 
c. Demonstrate the qualities of products and workmanship. 
d. Demonstrate successful installation of interfaces between components and 

systems. 
e. Perform preconstruction testing to determine system performance. 

2. Product Mockups: Mockups that may include multiple products, materials, or 
systems specified in a single Section. 

3. In-Place Mockups: Mockups constructed on-site in their actual final location as 
part of permanent construction. 

1.3 DELEGATED DESIGN SERVICES 

A. Performance and Design Criteria: Where professional design services or certifications 
by a design professional are specifically required of Contractor by the Contract 
Documents, provide products and systems complying with specific performance and 
design criteria indicated. 

1. If criteria indicated are not sufficient to perform services or certification required, 
submit a written request for additional information to Architect. 
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B. Delegated Design Services Statement: Submit a statement signed and sealed by the 
responsible design professional, for each product and system specifically assigned to 
Contractor to be designed or certified by a design professional, indicating that the 
products and systems are in compliance with performance and design criteria 
indicated. Include list of codes, loads, and other factors used in performing these 
services. 

1.4 CONFLICTING REQUIREMENTS 

A. Referenced Standards:  If compliance with two or more standards is specified and the 
standards establish different or conflicting requirements for minimum quantities or 
quality levels, comply with the most stringent requirement.  Refer conflicting 
requirements that are different, but apparently equal, to Architect for a decision before 
proceeding. 

B. Minimum Quantity or Quality Levels:  The quantity or quality level shown or specified 
shall be the minimum provided or performed.  The actual installation may comply 
exactly with the minimum quantity or quality specified, or it may exceed the minimum 
within reasonable limits.  To comply with these requirements, indicated numeric values 
are minimum or maximum, as appropriate, for the context of requirements.  Refer 
uncertainties to Architect for a decision before proceeding. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data   For Contractor's quality-control personnel. 

B. Contractor's Statement of Responsibility:  Submit copy of written statement of 
responsibility, acknowledging awareness of the special requirements contained in the 
Statement of Special Inspection, to authorities having jurisdiction before starting work 
on the following systems: 

1. Seismic-force-resisting system, designated seismic system, or component listed 
in the Statement of Special Inspection.  

2. Main wind-force-resisting system or a wind-resisting component listed in the 
Statement of Special Inspection.  

C. Testing Agency Qualifications:  For testing agencies specified in "Quality Assurance" 
Article to demonstrate their capabilities and experience.  Include proof of qualifications 
in the form of a recent report on the inspection of the testing agency by a recognized 
authority. 

D. Schedule of Tests and Inspections:  Prepare in tabular form and include the following: 

1. Specification Section number and title. 
2. Entity responsible for performing tests and inspections. 
3. Description of test and inspection. 
4. Identification of applicable standards. 
5. Identification of test and inspection methods. 
6. Number of tests and inspections required. 
7. Time schedule or time span for tests and inspections. 
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8. Requirements for obtaining samples. 
9. Unique characteristics of each quality-control service. 

1.6 REPORTS AND DOCUMENTS 

A. Test and Inspection Reports:  Prepare and submit certified written reports specified in 
other Sections.  Include the following: 

1. Date of issue. 
2. Project title and number. 
3. Name, address, and telephone number of testing agency. 
4. Dates and locations of samples and tests or inspections. 
5. Names of individuals making tests and inspections. 
6. Description of the Work and test and inspection method. 
7. Identification of product and Specification Section. 
8. Complete test or inspection data. 
9. Test and inspection results and an interpretation of test results. 
10. Record of temperature and weather conditions at time of sample taking and 

testing and inspecting. 
11. Comments or professional opinion on whether tested or inspected Work complies 

with the Contract Document requirements. 
12. Name and signature of laboratory inspector. 
13. Recommendations on retesting and reinspecting. 

B. Manufacturer's Technical Representative's Field Reports:  Prepare written information 
documenting manufacturer's technical representative's tests and inspections specified 
in other Sections.  Include the following: 

1. Name, address, and telephone number of technical representative making report. 
2. Statement on condition of substrates and their acceptability for installation of 

product. 
3. Statement that products at Project site comply with requirements. 
4. Summary of installation procedures being followed, whether they comply with 

requirements and, if not, what corrective action was taken. 
5. Results of operational and other tests and a statement of whether observed 

performance complies with requirements. 
6. Statement whether conditions, products, and installation will affect warranty. 
7. Other required items indicated in individual Specification Sections. 

C. Factory-Authorized Service Representative's Reports:  Prepare written information 
documenting manufacturer's factory-authorized service representative's tests and 
inspections specified in other Sections.  Include the following: 

1. Name, address, and telephone number of factory-authorized service 
representative making report. 

2. Statement that equipment complies with requirements. 
3. Results of operational and other tests and a statement of whether observed 

performance complies with requirements. 
4. Statement whether conditions, products, and installation will affect warranty. 
5. Other required items indicated in individual Specification Sections. 
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D. Permits, Licenses, and Certificates:  For Owner's records, submit copies of permits, 
licenses, certifications, inspection reports, releases, jurisdictional settlements, notices, 
receipts for fee payments, judgments, correspondence, records, and similar 
documents, established for compliance with standards and regulations bearing on 
performance of the Work. 

1.7 QUALITY ASSURANCE 

A. General:  Qualifications paragraphs in this article establish the minimum qualification 
levels required; individual Specification Sections specify additional requirements. 

B. Manufacturer Qualifications:  A firm experienced in manufacturing products or systems 
similar to those indicated for this Project and with a record of successful in-service 
performance, as well as sufficient production capacity to produce required units. 

C. Fabricator Qualifications:  A firm experienced in producing products similar to those 
indicated for this Project and with a record of successful in-service performance, as 
well as sufficient production capacity to produce required units. 

D. Installer Qualifications:  A firm or individual experienced in installing, erecting, or 
assembling work similar in material, design, and extent to that indicated for this Project, 
whose work has resulted in construction with a record of successful in-service 
performance. 

E. Professional Engineer Qualifications:  A professional engineer who is legally qualified 
to practice in jurisdiction where Project is located and who is experienced in providing 
engineering services of the kind indicated.  Engineering services are defined as those 
performed for installations of the system, assembly, or product that are similar in 
material, design, and extent to those indicated for this Project. 

F. Specialists:  Certain Specification Sections require that specific construction activities 
shall be performed by entities who are recognized experts in those operations.  
Specialists shall satisfy qualification requirements indicated and shall be engaged for 
the activities indicated. 

1. Requirements of authorities having jurisdiction shall supersede requirements for 
specialists. 

G. Testing Agency Qualifications:  An NRTL, an NVLAP, an agency accredited by the 
International Accreditation Service, Inc. or an equivalent accreditation agency 
accrediting in accordance with the experience and capability to conduct testing and 
inspecting indicated, as documented according to ASTM E 329; and with additional 
qualifications specified in individual Sections; and, where required by authorities having 
jurisdiction, that is acceptable to authorities. 

1. NRTL:  A nationally recognized testing laboratory according to 29 CFR 1910.7. 
2. NVLAP:  A testing agency accredited according to NIST's National Voluntary 

Laboratory Accreditation Program. 
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H. Manufacturer's Technical Representative Qualifications:  An authorized representative 
of manufacturer who is trained and approved by manufacturer to observe and inspect 
installation of manufacturer's products that are similar in material, design, and extent to 
those indicated for this Project. 

I. Factory-Authorized Service Representative Qualifications:  An authorized 
representative of manufacturer who is trained and approved by manufacturer to inspect 
installation of manufacturer's products that are similar in material, design, and extent to 
those indicated for this Project. 

J. Preconstruction Testing:  Where testing agency is indicated to perform preconstruction 
testing for compliance with specified requirements for performance and test methods, 
comply with the following: 

1. Contractor responsibilities include the following: 
a. Provide test specimens representative of proposed products and 

construction. 
b. Submit specimens in a timely manner with sufficient time for testing and 

analyzing results to prevent delaying the Work. 
c. Provide sizes and configurations of test assemblies, mockups, and 

laboratory mockups to adequately demonstrate capability of products to 
comply with performance requirements. 

d. Build site-assembled test assemblies and mockups using installers who will 
perform same tasks for Project. 

e. Build laboratory mockups at testing facility using personnel, products, and 
methods of construction indicated for the completed Work. 

f. When testing is complete, remove test specimens, assemblies; do not 
reuse products on Project. 

2. Testing Agency Responsibilities:  Submit a certified written report of each test, 
inspection, and similar quality-assurance service to Architect and Owner’s 
Commissioning Authority, through Contractor.  Interpret tests and inspections 
and state in each report whether tested and inspected work complies with or 
deviates from the Contract Documents. 

K. Mockups: Before installing portions of the Work requiring mockups, build mockups for 
each form of construction and finish required to comply with the following requirements, 
using materials indicated for the completed Work: 

1. Build mockups of size indicated. 
2. Build mockups in location indicated or, if not indicated, as directed by Architect. 
3. Notify Architect  minimum seven days in advance of dates and times when 

mockups will be constructed. 
4. Employ supervisory personnel who will oversee mockup construction. Employ 

workers who will be employed to perform same tasks during the construction at 
Project. 

5. Demonstrate the proposed range of aesthetic effects and workmanship. 
6. Obtain Architect's approval of mockups before starting corresponding Work, 

fabrication, or construction. 
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a. Allow minimum seven days for initial review and each re-review of each 
mockup. 

7. Promptly correct unsatisfactory conditions noted by Architect's preliminary 
review, to the satisfaction of the Architect, before completion of final mockup. 

8. Approval of mockups by the Architect does not constitute approval of deviations 
from the Contract Documents contained in mockups unless Architect specifically 
approves such deviations in writing. 

9. Maintain mockups during construction in an undisturbed condition as a standard 
for judging the completed Work. 

10. Demolish and remove mockups when directed or incorporate approved in-place 
mock-ups in the finished work, as specifically instructed in each specification 
section where a mock-up is required. 

1.8 QUALITY CONTROL 

A. Owner Responsibilities:  Where quality-control services are indicated as Owner's 
responsibility, Owner will engage a qualified testing agency to perform these services. 

1. Owner will furnish Contractor with names, addresses, and telephone numbers of 
testing agencies engaged and a description of types of testing and inspecting 
they are engaged to perform. 

2. Costs for retesting and reinspecting construction that replaces or is necessitated 
by work that failed to comply with the Contract Documents will be charged to 
Contractor, and the Contract Sum will be adjusted by Change Order. 

B. Contractor Responsibilities:  Tests and inspections not explicitly assigned to Owner are 
Contractor's responsibility.  Perform additional quality-control activities required to 
verify that the Work complies with requirements, whether specified or not. 

1. Unless otherwise indicated, provide quality-control services specified and those 
required by authorities having jurisdiction.  Perform quality-control services 
required of Contractor by authorities having jurisdiction, whether specified or not. 

2. Where services are indicated as Contractor's responsibility, engage a qualified 
testing agency to perform these quality-control services. 

a. Contractor shall not employ same entity engaged by Owner, unless agreed 
to in writing by Owner. 

3. Notify testing agencies at least 48 hours in advance of time when Work that 
requires testing or inspecting will be performed. 

4. Where quality-control services are indicated as Contractor's responsibility, submit 
a certified written report, in duplicate, of each quality-control service. 

5. Testing and inspecting requested by Contractor and not required by the Contract 
Documents are Contractor's responsibility. 

6. Submit additional copies of each written report directly to authorities having 
jurisdiction, when they so direct. 

C. Manufacturer's Field Services:  Where indicated, engage a factory-authorized service 
representative to inspect field-assembled components and equipment installation, 
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including service connections.  Report results in writing as specified in Section 01 3300 
"Submittal Procedures." 

D. Manufacturer's Technical Services:  Where indicated, engage a manufacturer's 
technical representative to observe and inspect the Work.  Manufacturer's technical 
representative's services include participation in preinstallation conferences, 
examination of substrates and conditions, verification of materials, observation of 
Installer activities, inspection of completed portions of the Work, and submittal of 
written reports. 

E. Retesting/Reinspecting:  Regardless of whether original tests or inspections were 
Contractor's responsibility, provide quality-control services, including retesting and 
reinspecting, for construction that replaced Work that failed to comply with the Contract 
Documents. 

F. Testing Agency Responsibilities:  Cooperate with Architect and Contractor in 
performance of duties.  Provide qualified personnel to perform required tests and 
inspections. 

1. Notify Architect, Owner, and Contractor promptly of irregularities or deficiencies 
observed in the Work during performance of its services. 

2. Determine the location from which test samples will be taken and in which in-situ 
tests are conducted. 

3. Conduct and interpret tests and inspections and state in each report whether 
tested and inspected work complies with or deviates from requirements. 

4. Submit a certified written report, in duplicate, of each test, inspection, and similar 
quality-control service through Contractor. 

5. Do not release, revoke, alter, or increase the Contract Document requirements or 
approve or accept any portion of the Work. 

6. Do not perform any duties of Contractor. 

G. Associated Services:  Cooperate with agencies performing required tests, inspections, 
and similar quality-control services, and provide reasonable auxiliary services as 
requested.  Notify agency sufficiently in advance of operations to permit assignment of 
personnel.  Provide the following: 

1. Access to the Work. 
2. Incidental labor and facilities necessary to facilitate tests and inspections. 
3. Adequate quantities of representative samples of materials that require testing 

and inspecting.  Assist agency in obtaining samples. 
4. Facilities for storage and field curing of test samples. 
5. Delivery of samples to testing agencies. 
6. Preliminary design mix proposed for use for material mixes that require control by 

testing agency. 
7. Security and protection for samples and for testing and inspecting equipment at 

Project site. 

H. Coordination:  Coordinate sequence of activities to accommodate required quality-
assurance and -control services with a minimum of delay and to avoid necessity of 
removing and replacing construction to accommodate testing and inspecting. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 

 014000 - 9 QUALITY REQUIREMENTS 

1. Schedule times for tests, inspections, obtaining samples, and similar activities. 

I. Schedule of Tests and Inspections:  Prepare a schedule of tests, inspections, and 
similar quality-control services required by the Contract Documents.  Coordinate and 
submit concurrently with Contractor's construction schedule.  Update as the Work 
progresses. 

1. Distribution:  Distribute schedule to Owner, Architect, testing agencies, and each 
party involved in performance of portions of the Work where tests and 
inspections are required. 

1.9 SPECIAL INSPECTIONS 

A. Special Inspections:  Owner will engage qualified testing agency(ies) and special 
inspectors to conduct special inspections required by authorities having jurisdiction as 
the responsibility of Owner, as indicated in Division 01 Section “Special Inspections 
and Tests”. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 TEST AND INSPECTION LOG 

A. Test and Inspection Log:  Prepare a record of tests and inspections.  Include the 
following: 

1. Date test or inspection was conducted. 
2. Description of the Work tested or inspected. 
3. Date test or inspection results were transmitted to Architect. 
4. Identification of testing agency or special inspector conducting test or inspection. 

B. Maintain log at Project site.  Post changes and revisions as they occur.  Provide 
access to test and inspection log for Architect's reference during normal working hours. 

3.2 REPAIR AND PROTECTION 

A. General:  On completion of testing, inspecting, sample taking, and similar services, 
repair damaged construction and restore substrates and finishes. 

1. Provide materials and comply with installation requirements specified in other 
Specification Sections or matching existing substrates and finishes.  Restore 
patched areas and extend restoration into adjoining areas with durable seams 
that are as invisible as possible.  Comply with the Contract Document 
requirements for cutting and patching in Division 01 Section “Cutting and 
Patching.” 

B. Protect construction exposed by or for quality-control service activities. 
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C. Repair and protection are Contractor's responsibility, regardless of the assignment of 
responsibility for quality-control services. 

END OF SECTION 014000 
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SECTION 014100 - SPECIAL INSPECTIONS AND TESTS  

PART 1 - GENERAL 

1.1 SUMMARY 

A.  This Section includes administrative and procedural requirements for performing Special 

Inspections and Tests in accordance with requirements of Chapter 17 of the Building 

Code of New York State (BCNYS).  Testing and inspecting services are required to verify 

compliance with requirements specified or indicated in the contract documents.  These 

services do not relieve Contractor of responsibility for compliance with the Contract 

Document requirements. 

1.2 DEFINITIONS 

A. Registered Design Professional: The Registered Architect whose seal appears on the 

Construction Drawings.  

B. Testing/Inspecting Agency: An agent retained by the Owner and coordinated by the 

Special Inspector, to perform some of the testing and/or inspection services on behalf of 

the Special Inspector. (An example of an Inspecting Agency would be a Geotechnical 

Engineer). 

C. Statement of Special Inspections: A document prepared by the Registered Design 

Professional that includes the Schedule of Special Inspections listing the materials and 

work requiring Special Inspections.  A copy of this document is included at the end of 

this Section.  

D. Continuous Special Inspection: The full-time observation of work requiring Special 

Inspections by the Special Inspector who is present in the area where the work is being 

performed. 

E. Periodic Special Inspections: The part-time or intermittent observation of work requiring 

Special Inspections by the Special Inspector who is present in the area where the work 
has been or is being performed and at the completion of the work 

1.3 CONTRACTOR RESPONSIBILITIES 

A. Contractor shall cooperate with the Special Inspector and his agents so that Special 

Inspections and testing may be performed without hindrance. 

B. Contractor shall notify the Special Inspector and/or Testing/Inspecting Agency at least 

48 hours in advance of a required inspection or test.  Contractor shall coordinate 

sequence of activities to accommodate required inspection and testing services with a 
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minimum of delay and to avoid necessity of removing and replacing construction to 

accommodate testing and inspecting. 

 1. Schedule times for tests, inspections, obtaining samples, and similar activities. 

C. The Contractor shall provide incidental labor and facilities to provide access to the work 

to be inspected or tested, to obtain and handle samples at the site or at source of 

products to be tested, to facilitate tests and inspections, and for storage and curing of 

test samples. 

D. The Contractor shall keep at the project site the latest set of Construction Drawings, field 

sketches, accepted shop drawings, and specifications for field use by the Inspectors and 

Testing Technicians. 

E. The Special Inspection program shall in no way relieve the Contractor of his obligation 

to perform work in accordance with the requirements of the Contract Documents or from 

implementing an effective Quality Control program. 

1.4 QUALITY CONTROL 

A.  Architect will hold a Special Inspections preconstruction meeting at least 7 days prior to 

the initial planned date for start of construction.  

1. Discussion shall include review of specifications and Schedule of Special 

Inspections for work requiring Special Inspections; responsibilities of Contractor, 

Owner, Testing Agency, Special Inspector, and Registered Design Professional; 

notification procedures; and reporting procedures.  

2. Attendees shall include the Contractor, Owner’s representative, Testing Agency, 

Special Inspector, and Registered Design Professionals for Structural Engineering 

and for Architecture.  

1.5 LIMITS ON AUTHORITY 

A. The Special Inspector or Testing/Inspecting Agency shall not release, revoke, alter, or 

enlarge on the requirements of the Contract Documents. 

B. The Special Inspector or Testing/Inspecting Agency shall not have control over the 

Contractor’s means and methods of construction. 

C. The Special Inspector or Testing/Inspecting Agency shall not be responsible for 

construction site safety. 

D. The Special Inspector or Testing/Inspecting Agency shall not have the authority to stop 

the work. 
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1.6 STATEMENT OF SPECIAL INSPECTIONS 

A. The Statement of Special Inspections and Tests, on the form included at the end of this 

Section, will be prepared by the Registered Design Professional. 

B. Required inspections and tests are described in the Schedule of Special Inspections  and 

Tests attached to the end of this Section and in the  individual specification sections for 

the items to be inspected or tested . 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used). 

END OF SECTION 014100 

ATTACHMENTS 

SPECIAL INSPECTION NON-CONFORMANCE REPORT FORM 

NYSED STATEMENT OF SPECIAL INSPECTIONS AND TESTS  
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SPECIAL INSPECTION NON-CONFORMANCE REPORT NO.       

DATE:  
 

TO: Registered Design Professional (RDP) 

Kaeyer, Garment& Davidson Architects, PC  

285 Main St., Mount Kisco, NY 10549 

Fax: (914) 666-0051 

CC: Contractor:                                                                                              

FROM: ___________________________, Special Inspector 

PROJECT: STEM Lab Alterations at Chester Academy 

PART I: REFERENCE SPECIAL INSPECTION REPORT NO.                                                    . 
(Attach copy of report.) 

DESCRIPTION OF NON-CONFORMANCE:   

RDP RESPONSE: (PROVIDE ATTACHMENTS IF NECESSARY) 

RDP SIGNATURE ____________________________________ DATE__________________  

IS REINSPECTION BY SPECIAL INSPECTOR REQUIRED           GYES       GNO 

PART II: CONTRACTOR VERIFICATION (To be completed by either the [General Contractor 

or Construction Manager] or Subcontractor and returned to the Special Inspector and the 
RDP.) 

I verify that as of the date listed, the non-conforming item noted above has been corrected as 

required. 

SIGNATURE ____________________________________ DATE__________________  
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SECTION 014200 - REFERENCES 

PART 1 - GENERAL 

1.1 DEFINITIONS 

A. General:  Basic Contract definitions are included in the Conditions of the Contract. 

B. "Approved":  When used to convey Architect's action on Contractor's submittals, 
applications, and requests, "approved" is limited to Architect's duties and 
responsibilities as stated in the Conditions of the Contract. 

C. "Directed":  A command or instruction by Architect.  Other terms including "requested," 
"authorized," "selected," "required," and "permitted" have the same meaning as 
"directed." 

D. "Indicated":  Requirements expressed by graphic representations or in written form on 
Drawings, in Specifications, and in other Contract Documents.  Other terms including 
"shown," "noted," "scheduled," and "specified" have the same meaning as "indicated." 

E. "Regulations":  Laws, ordinances, statutes, and lawful orders issued by authorities 
having jurisdiction, and rules, conventions, and agreements within the construction 
industry that control performance of the Work. 

F. "Furnish":  Supply and deliver to Project site, ready for unloading, unpacking, 
assembly, installation, and similar operations. 

G. "Install":  Operations at Project site including unloading, temporarily storing, unpacking, 
assembling, erecting, placing, anchoring, applying, working to dimension, finishing, 
curing, protecting, cleaning, and similar operations. 

H. "Provide":  Furnish and install, complete and ready for the intended use. 

I. "Project Site":  Space available for performing construction activities.  The extent of 
Project site is shown on Drawings and may or may not be identical with the description 
of the land on which Project is to be built. 

1.2 INDUSTRY STANDARDS 

A. Applicability of Standards:  Unless the Contract Documents include more stringent 
requirements, applicable construction industry standards have the same force and 
effect as if bound or copied directly into the Contract Documents to the extent 
referenced.  Such standards are made a part of the Contract Documents by reference. 

B. Publication Dates:  Comply with standards in effect as of date of the Contract 
Documents unless otherwise indicated. 
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C. Copies of Standards:  Each entity engaged in construction on Project should be 
familiar with industry standards applicable to its construction activity.  Copies of 
applicable standards are not bound with the Contract Documents. 

1. Where copies of standards are needed to perform a required construction 
activity, obtain copies directly from publication source. 

1.3 ABBREVIATIONS AND ACRONYMS 

A. Industry Organizations:  Where abbreviations and acronyms are used in Specifications 
or other Contract Documents, they shall mean the recognized name of the entities 
indicated in Gale's "Encyclopedia of Associations:  National Organizations of the U.S." 
or in Columbia Books' "National Trade & Professional Associations of the United 
States." 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 014200 
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SECTION 015000 - TEMPORARY FACILITIES AND CONTROLS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes requirements for temporary utilities, support facilities, and security and 
protection facilities. 

1.2 USE CHARGES 

A. General: Installation and removal of and use charges for temporary facilities shall be 
included in the Contract Sum unless otherwise indicated. Allow other entities to use 
temporary services and facilities without cost, including, but not limited to, Owner's 
construction forces, Architect, occupants of Project, testing agencies, and authorities 
having jurisdiction. 

B. Water Service: Owner will pay water-service use charges for water used by all entities 
for construction operations. 

C. Electric Power Service: Owner will pay electric-power-service use charges for 
electricity used by all entities for construction operations. 

1.3 INFORMATIONAL SUBMITTALS 

A. Site Plan: Show temporary facilities, utility hookups, staging areas, and parking areas 
for construction personnel.  
 

B. Fire-Safety Program: Show compliance with requirements of NFPA 241 and authorities 
having jurisdiction. Indicate Contractor personnel responsible for management of fire-
prevention program. 

C. Moisture-Protection Plan: Describe procedures and controls for protecting materials 
and construction from water absorption and damage. 

1. Describe delivery, handling, and storage provisions for materials subject to water 
absorption or water damage. 

2. Indicate procedures for discarding water-damaged materials, protocols for 
mitigating water intrusion into completed Work, and replacing water-damaged 
Work. 

3. Indicate sequencing of work that requires water, such as sprayed fire-resistive 
materials, plastering, and terrazzo grinding, and describe plans for dealing with 
water from these operations. Show procedures for verifying that wet construction 
has dried sufficiently to permit installation of finish materials. 

D. Dust- and HVAC-Control Plan: Submit coordination drawing and narrative that 
indicates the dust- and HVAC-control measures proposed for use, proposed locations, 
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and proposed time frame for their operation. Identify further options if proposed 
measures are later determined to be inadequate. Include the following: 

1. HVAC system isolation schematic drawing. 
2. Location of proposed air-filtration system discharge. 
3. Waste handling procedures. 
4. Other dust-control measures. 

1.4 QUALITY ASSURANCE 

A. Electric Service: Comply with NECA, NEMA, and UL standards and regulations for 
temporary electric service. Install service to comply with NFPA 70. 

B. Tests and Inspections: Arrange for authorities having jurisdiction to test and inspect 
each temporary utility before use. Obtain required certifications and permits. 
 

PART 2 - PRODUCTS 

2.1 TEMPORARY FACILITIES 

A. Project Meeting Space: Meetings shall be held on the construction site in a location 
approved by the Owner. General Contractor shall supply a folding table and chairs in 
adequate numbers to seat all attendees of project meetings.   

B. Storage and Fabrication Sheds: Provide sheds sized, furnished, and equipped to 
accommodate materials and equipment for construction operations. 

1. Store combustible materials apart from building. 
2. One trailer per Prime Contractor will be permitted, unless otherwise approved by 

Owner. 

2.2 EQUIPMENT 

A. Fire Extinguishers: Portable, UL rated; with class and extinguishing agent as required 
by locations and classes of fire exposures. 

B. HVAC Equipment: Unless Owner authorizes use of permanent HVAC system, provide 
vented, self-contained, liquid-propane-gas or fuel-oil heaters with individual space 
thermostatic control. 

1. Use of gasoline-burning space heaters, open-flame heaters, or salamander-type 
heating units is prohibited. 

2. Heating Units: Listed and labeled for type of fuel being consumed, by a qualified 
testing agency acceptable to authorities having jurisdiction, and marked for 
intended location and application. 

3. Permanent HVAC System: If Owner authorizes use of permanent HVAC system 
for temporary use during construction, provide filter with MERV of 8 at each 
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return-air grille in system and remove at end of construction and clean HVAC 
system as required in Section 017700 "Closeout Procedures". 

C. Air-Filtration Units: Primary and secondary HEPA-filter-equipped portable units with 
four-stage filtration. Provide single switch for emergency shutoff. Configure to run 
continuously. 
 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Locate facilities where they will serve Project adequately and result in minimum 
interference with performance of the Work. Relocate and modify facilities as required 
by progress of the Work. 

B. Provide each facility ready for use when needed to avoid delay. Do not remove until 
facilities are no longer needed or are replaced by authorized use of completed 
permanent facilities. 

3.2 TEMPORARY UTILITY INSTALLATION 

A. General: Install temporary service or connect to existing service. 

1. Arrange with utility company, Owner, and existing users for time when service 
can be interrupted, if necessary, to make connections for temporary services. 

B. Water Service: Connect to Owner's existing water service source. Provide hoses to 
connect into water hose bib if required for the Work. Clean and maintain water service 
facilities in a condition acceptable to Owner. At Substantial Completion, restore these 
facilities to condition existing before initial use. 

C. Sanitary Facilities: General Contractor shall provide temporary toilets and wash 
facilities, including paper products, for use of all construction personnel on the Project. 
Comply with requirements of authorities having jurisdiction for type, number, location, 
operation, and maintenance of fixtures and facilities. Locate temporary toilets in staging 
area as designated by Owner. 

1. Toilets: Use of Owner's existing toilet facilities will not be permitted  

D. Heating and Cooling: Provide temporary heating and cooling required by construction 
activities for curing or drying of completed installations or for protecting installed 
construction from adverse effects of low temperatures or high humidity. Select 
equipment that will not have a harmful effect on completed installations or elements 
being installed.  

1. The third floor dedicated RTU heating system will have to be shut down during 
construction. Provide auxiliary temporary heating until new system comes on-
line. 
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E. Isolation of Work Areas in Occupied Facilities: Prevent dust, fumes, and odors from 
entering occupied areas. 

1. Prior to commencing work, mechanical Contractor shall isolate the HVAC system 
in area where work is to be performed according to coordination drawings. 

a. Disconnect supply and return ductwork in work area from HVAC systems 
servicing occupied areas. 

b. Maintain negative air pressure within work area using HEPA-equipped air-
filtration units, starting with commencement of temporary partition 
construction, and continuing until removal of temporary partitions is 
complete. 

2. Maintain dust partitions during the Work. Use vacuum collection attachments on 
dust-producing equipment. Isolate limited work within occupied areas using 
portable dust-containment devices. 

3. Perform daily construction cleanup and final cleanup using approved, HEPA-
filter-equipped vacuum equipment. 

F. Ventilation and Humidity Control: Provide temporary ventilation required by 
construction activities for curing or drying of completed installations or for protecting 
installed construction from adverse effects of high humidity. Select equipment that will 
not have a harmful effect on completed installations or elements being installed. 
Coordinate ventilation requirements to produce ambient condition required and 
minimize energy consumption. 

1. Provide dehumidification systems when required to reduce substrate moisture 
levels to level required to allow installation or application of finishes. 

G. Electric Power Service: Connect temporary service to Owner's existing power source, 
in location as directed by Owner. Electrical contractor shall provide electric power 
service distribution system of sufficient size, capacity, and power characteristics 
required for construction operations if use of extension cords is not feasible. Do not 
overload circuits.  Provide portable generator if power above and beyond that available 
is required for the Work.   

H. Lighting: Where existing lighting fixtures are not sufficient to fulfill temporary lighting 
requirements, provide supplementary plug-in task lighting and special lighting 
necessary to perform the Work. 

I. Telephone Service: Provide superintendent with cellular telephone for use during 
construction. 

1. Post a list of important telephone numbers at the construction site including: 

a. Police and fire departments. 
b. Ambulance service. 
c. Contractor's home office. 
d. Contractor's emergency after-hours telephone number. 
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e. Architect's office. 
f. Engineers' offices. 
g. Owner's office. 
h. Principal subcontractors' field and home offices. 

J. Electronic Communication Service:  

1. Internet Service: If permitted by Owner, Contractors may connect to the Owner’s 
wireless data network; make prior arrangements with Owner. Cost of the 
connection if any shall be borne by the Contractors.  

3.3 SUPPORT FACILITIES INSTALLATION 

A. General: Comply with the following: 

1. Provide construction for temporary offices, shops, and sheds located within 
construction area or within 30 feet (9 m) of building lines that is noncombustible 
according to ASTM E 136. Comply with NFPA 241. 

2. Maintain support facilities until Architect schedules Substantial Completion 
inspection. Remove before Substantial Completion. Personnel remaining after 
Substantial Completion will be permitted to use permanent facilities, under 
conditions acceptable to Owner. 

B. Parking: Parking of Contractors’ construction vehicles will be permitted in a designated 
portion of the school’s parking lot; coordinate with Owner regarding the number of 
vehicles that will be accommodated in this space.  

C. Waste Disposal Facilities: Comply with requirements specified in Section 017419 
"Construction Waste Management and Disposal." General Contractor shall provide 
dumpsters sufficient for use of all Contractors during construction. 

D. Lifts and Hoists: Provide facilities necessary for hoisting materials and personnel. 

1. Truck cranes and similar devices used for hoisting materials are considered 
"tools and equipment" and not temporary facilities. 

E. Temporary Elevator Use: Existing elevator may be used by Contractors for 
construction purposes during off hours, as coordinated with the Owner, provided 
elevator is cleaned and maintained in a condition acceptable to Owner. At Substantial 
Completion, restore elevators to condition existing before initial use. 

1. Do not load elevators beyond their rated weight capacity. 
2. Provide protective coverings, barriers, devices, signs, or other procedures to 

protect elevator car and entrance doors and frame. If, despite such protection, 
elevators become damaged, restore damaged work so no evidence remains of 
correction work.  

F. Temporary Use of Permanent Stairs and Designated Building Access Location: 
Contractors shall use Stair B at the end of the corridor on the northwest side of the 
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building for access to the construction area and the building exterior doors adjacent to 
this stair. Provide protections for stairs and restore finishes to new condition at time of 
Substantial Completion. 

3.4 SECURITY AND PROTECTION FACILITIES INSTALLATION 

A. Protection of Existing Facilities: Protect existing vegetation, equipment, structures, 
utilities, and other improvements at Project site and on adjacent properties, except 
those indicated to be removed or altered. Repair damage to existing facilities. 

B. Environmental Protection: Provide protection, operate temporary facilities, and conduct 
construction as required to comply with environmental regulations and that minimize 
possible air, waterway, and subsoil contamination or pollution or other undesirable 
effects. 

C. Staging Area Enclosure Fence: Before construction operations begin, General 
Contractor shall furnish and install site enclosure fence around the staging area in a 
manner that will prevent people and animals from easily entering site except by 
entrance gates. 

1. Maintain security by limiting number of keys and restricting distribution to 
authorized personnel. Furnish one set of keys to Owner. 

D. Security Enclosure and Lockup: General Contractor shall install temporary enclosure at 
entrance to areas of construction. Provide lockable entrances to prevent unauthorized 
entrance, vandalism, theft, and similar violations of security. Lock entrances at end of 
each work day. 

E. Temporary Egress: Maintain temporary egress from existing occupied facilities as 
indicated and as required by authorities having jurisdiction. Do not block or obstruct 
corridors adjacent to construction areas. 

F. Temporary Partitions: Provide floor-to-ceiling dustproof partitions with entrance doors 
to limit dust and dirt migration and to separate areas occupied by Owner from fumes 
and noise. Provide types of partitions approved by Owner. 

1. Construct dustproof partitions with gypsum wallboard with joints taped on 
occupied side, and fire-retardant-treated plywood on construction operations 
side. 

2. Where fire-resistance-rated temporary partitions are indicated or are required by 
authorities having jurisdiction, construct partitions according to the rated 
assemblies. 
a. Temporary partitions shall comply with NFPA 241 

3. Insulate partitions to control noise transmission to occupied areas. 
4. Seal joints and perimeter. Equip partitions with gasketed dustproof doors and 

security locks where openings are required. 
5. Protect air-handling equipment. 
6. Provide walk-off mats at each entrance through temporary partition. 
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G. Temporary Fire Protection: Install and maintain temporary fire-protection facilities of 
types needed to protect against reasonably predictable and controllable fire losses. 
Comply with NFPA 241; manage fire-prevention program. 

1. Prohibit smoking in construction areas. 
2. Supervise welding operations, combustion-type temporary heating units, and 

similar sources of fire ignition according to requirements of authorities having 
jurisdiction. 

3. Develop and supervise an overall fire-prevention and -protection program for 
personnel at Project site. Review needs with Owner and establish procedures to 
be followed. Instruct personnel in methods and procedures. Post warnings and 
information. 

4. Provide temporary standpipes and hoses for fire protection. Hang hoses with a 
warning sign stating that hoses are for fire-protection purposes only and are not 
to be removed. Match hose size with outlet size and equip with suitable nozzles 

3.5 MOISTURE AND MOLD CONTROL 

A. Contractor's Moisture-Protection Plan: Avoid trapping water in finished work. Document 
visible signs of mold that may appear during construction. 

B. Controlled Construction Phase of Construction: After completing and sealing of the 
building enclosure but prior to the full operation of permanent HVAC systems, maintain 
as follows: 

1. Control moisture and humidity inside building by maintaining effective dry-in 
conditions. 

2. Use permanent HVAC system to control humidity. 
3. Comply with manufacturer's written instructions for temperature, relative 

humidity, and exposure to water limits. 

a. Hygroscopic materials that may support mold growth, including wood and 
gypsum-based products, that become wet during the course of construction 
and remain wet for 48 hours are considered defective. 

b. Measure moisture content of materials that have been exposed to moisture 
during construction operations or after installation. Record readings 
beginning at time of exposure and continuing daily for 48 hours. Identify 
materials containing moisture levels higher than allowed. Report findings in 
writing to Architect. 

c. Remove materials that cannot be completely restored to their 
manufactured moisture level within 48 hours. 

3.6 OPERATION, TERMINATION, AND REMOVAL 

A. Supervision: Enforce strict discipline in use of temporary facilities. To minimize waste 
and abuse, limit availability of temporary facilities to essential and intended uses. 

B. Maintenance: Maintain facilities in good operating condition until removal. 
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1. Maintain operation of temporary enclosures, heating, cooling, humidity control, 
ventilation, and similar facilities on a 24-hour basis where required to achieve 
indicated results and to avoid possibility of damage. 

C. Temporary Facility Changeover: Do not change over from using temporary security 
and protection facilities to permanent facilities until Substantial Completion. 

D. Termination and Removal: Remove each temporary facility when need for its service 
has ended, when it has been replaced by authorized use of a permanent facility, or no 
later than Substantial Completion. Complete or, if necessary, restore permanent 
construction that may have been delayed because of interference with temporary 
facility. Repair damaged Work, clean exposed surfaces, and replace construction that 
cannot be satisfactorily repaired. 

1. Materials and facilities that constitute temporary facilities are property of 
Contractor. Owner reserves right to take possession of Project identification 
signs. 

2. At Substantial Completion, repair, renovate, and clean permanent facilities used 
during construction period. Comply with final cleaning requirements specified in 
Section 017700 "Closeout Procedures." 

END OF SECTION 015000 
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SECTION 016000 - PRODUCT REQUIREMENTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements for selection of products 
for use in Project; product delivery, storage, and handling; manufacturers' standard 
warranties on products; special warranties; and comparable products. 

B. Related Requirements: 

1. Section 012500 "Substitution Procedures" for requests for substitutions. 
2. Section 014200 "References" for applicable industry standards for products 

specified. 

1.2 DEFINITIONS 

A. Products:  Items obtained for incorporating into the Work, whether purchased for 
Project or taken from previously purchased stock.  The term "product" includes the 
terms "material," "equipment," "system," and terms of similar intent. 

1. Named Products:  Items identified by manufacturer's product name, including 
make or model number or other designation shown or listed in manufacturer's 
published product literature, that is current as of date of the Contract Documents. 

2. New Products:  Items that have not previously been incorporated into another 
project or facility.  Products salvaged or recycled from other projects are not 
considered new products. 

3. Comparable Product:  Product that is demonstrated and approved through 
submittal process to have the indicated qualities related to type, function, 
dimension, in-service performance, physical properties, appearance, and other 
characteristics that equal or exceed those of specified product. 

B. Basis-of-Design Product Specification:  A specification in which a specific 
manufacturer's product is named and accompanied by the words "basis-of-design 
product," including make or model number or other designation, to establish the 
significant qualities related to type, function, dimension, in-service performance, 
physical properties, appearance, and other characteristics for purposes of evaluating 
comparable products of additional manufacturers named in the specification. 

1.3 ACTION SUBMITTALS 

A. Comparable Product Requests:  Submit request for consideration of each comparable 
product.  Identify product or fabrication or installation method to be replaced.  Include 
Specification Section number and title and Drawing numbers and titles. 

1. Include data to indicate compliance with the requirements specified in 
"Comparable Products" Article. 
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2. Architect's Action:  If necessary, Architect will request additional information or 
documentation for evaluation within one week of receipt of a comparable product 
request.  Architect will notify Contractor of approval or rejection of proposed 
comparable product request within 15 days of receipt of request, or seven days 
of receipt of additional information or documentation, whichever is later. 

a. Form of Approval:  As specified in Section 013300 "Submittal Procedures." 
b. Use product specified if Architect does not issue a decision on use of a 

comparable product request within time allocated. 

B. Basis-of-Design Product Specification Submittal:  Comply with requirements in 
Section 013300 "Submittal Procedures." Show compliance with requirements. 

1.4 QUALITY ASSURANCE 

A. Compatibility of Options:  If Contractor is given option of selecting between two or more 
products for use on Project, select product compatible with products previously 
selected, even if previously selected products were also options. 

1. Each contractor is responsible for providing products and construction methods 
compatible with products and construction methods of other contractors. 

2. If a dispute arises between contractors over concurrently selectable but 
incompatible products, Architect will determine which products shall be used. 

B. Mechanical Materials and Equipment:  When two or more items of same material or 
equipment are required (pumps, valves, air conditioning units, etc.), they shall be of the 
same manufacturer.  Product manufacturer uniformity does not apply to raw materials, 
bulk materials, pipe, tube, fittings (except flanged and grooved types), sheet metal, 
wire, steel bar stock, welding rods, solder, fasteners, motors for dissimilar equipment 
units, and similar items used in the work, except as otherwise indicated.  Provide 
products which are compatible within systems and other connected items. 

C. Asbestos in Materials:  All products submitted for use and incorporated into this project 
shall be asbestos free. 

D. Mercury-Free Products: All products submitted for use and incorporated into this 
Project shall be mercury-free.  In the absence of mercury-free products, provide 
products with the lowest amount of mercury possible. 

E. Lead-Free Products: All products submitted for use and incorporated into this Project 
shall be lead-free.  . 

1.5 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store, and handle products using means and methods that will prevent 
damage, deterioration, and loss, including theft and vandalism.  Comply with 
manufacturer's written instructions. 

B. Delivery and Handling: 
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1. Schedule delivery to minimize long-term storage at Project site and to prevent 
overcrowding of construction spaces. 

2. Coordinate delivery with installation time to ensure minimum holding time for 
items that are flammable, hazardous, easily damaged, or sensitive to 
deterioration, theft, and other losses. 

3. Deliver products to Project site in an undamaged condition in manufacturer's 
original sealed container or other packaging system, complete with labels and 
instructions for handling, storing, unpacking, protecting, and installing. 

4. Inspect products on delivery to determine compliance with the Contract 
Documents and to determine that products are undamaged and properly 
protected. 

C. Storage: 

1. Store products to allow for inspection and measurement of quantity or counting of 
units. 

2. Store materials in a manner that will not endanger Project structure. 
3. Store products that are subject to damage by the elements, under cover in a 

weathertight enclosure above ground, with ventilation adequate to prevent 
condensation. 

4. Protect foam plastic from exposure to sunlight, except to extent necessary for 
period of installation and concealment. 

5. Comply with product manufacturer's written instructions for temperature, 
humidity, ventilation, and weather-protection requirements for storage. 

6. Protect stored products from damage and liquids from freezing. 
7. Provide a secure location and enclosure at Project site for storage of materials 

and equipment by Owner's construction forces.  Coordinate location with Owner. 

1.6 PRODUCT WARRANTIES 

A. Warranties specified in other Sections shall be in addition to, and run concurrent with, 
other warranties required by the Contract Documents.  Manufacturer's disclaimers and 
limitations on product warranties do not relieve Contractor of obligations under 
requirements of the Contract Documents. 

1. Manufacturer's Warranty:  Written warranty furnished by individual manufacturer 
for a particular product and specifically endorsed by manufacturer to Owner. 

2. Special Warranty:  Written warranty required by the Contract Documents to 
provide specific rights for Owner. 

B. Special Warranties:  Prepare a written document that contains appropriate terms and 
identification, ready for execution. Submit a draft for approval before final execution. 

1. Manufacturer's Standard Form:  Modified to include Project-specific information 
and properly executed. 

2. Specified Form:  When specified forms are included with the Specifications, 
prepare a written document using indicated form properly executed. 

3. See other Sections for specific content requirements and particular requirements 
for submitting special warranties. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 

                                                                 016000 - 4  PRODUCT REQUIREMENTS 

C. Submittal Time:  Comply with requirements in Section 017700 "Project Closeout." 

PART 2 - PRODUCTS 

2.1 PRODUCT SELECTION PROCEDURES 

A. General Product Requirements:  Provide products that comply with the Contract 
Documents, are undamaged and, unless otherwise indicated, are new at time of 
installation. 

1. Provide products complete with accessories, trim, finish, fasteners, and other 
items needed for a complete installation and indicated use and effect. 

2. Standard Products:  If available, and unless custom products or nonstandard 
options are specified, provide standard products of types that have been 
produced and used successfully in similar situations on other projects. 

3. Owner reserves the right to limit selection to products with warranties not in 
conflict with requirements of the Contract Documents. 

4. Where products are accompanied by the term "as selected," Architect will make 
selection. 

5. Descriptive, performance, and reference standard requirements in the 
Specifications establish salient characteristics of products. 

6. Or Equal:  For products specified by name and accompanied by the term "or 
equal," or "or approved equal," or "or approved," comply with requirements in 
"Comparable Products" Article to obtain approval for use of an unnamed product. 

7. A named product and model number establishes the characteristics and salient 
features of the specifications even when they are not fully described and will 
serve as the basis of comparison. 

8. Whenever a material, article, device, piece of equipment or type of construction 
is identified by reference to manufacturers' or vendors' names, trade names, 
catalog numbers, or similar specific information, it is so identified for the purpose 
of establishing a standard of quality, and such identification shall not be 
construed as limiting competition. Comply with requirements in "Comparable 
Products" Article to obtain approval for use of an unnamed product 

B. Product Selection Procedures: 

1. Named Product:  Where Specifications name a single manufacturer and product, 
and “no substitutions” is indicated, provide the named product.  Comparable 
products or substitutions for Contractor's convenience will not be considered. 

2. Named Manufacturer/Source:  Where Specifications name a single manufacturer 
or source and “no substitutions” is indicated, provide a product by the named 
manufacturer or source that complies with requirements.  Comparable products 
or substitutions for Contractor's convenience will not be considered. 

3. Products: Where Specifications include a list of names of both available 
manufacturers and products, provide one of the products listed, or an unnamed 
product, that complies with requirements.  Comply with requirements in 
"Comparable Products" Article for consideration of an unnamed product. 

4. Manufacturers: Where Specifications include a list of available manufacturers, 
provide a product by one of the manufacturers listed, or a product by an 
unnamed manufacturer, that complies with requirements.  Comply with 
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requirements in "Comparable Products" Article for consideration of an unnamed 
manufacturer's product 

5. Basis-of-Design Product:  Where Specifications name a product, or refer to a 
product indicated on Drawings, and include a list of manufacturers, provide the 
specified or indicated product or a comparable product by one of the other 
named manufacturers.  Drawings and Specifications indicate sizes, profiles, 
dimensions, and other characteristics that are based on the product named.  
Comply with requirements in "Comparable Products" Article for consideration of 
an unnamed product by one of the other named manufacturers. 

C. Visual Matching Specification:  Where Specifications require "match Architect's 
sample", provide a product that complies with requirements and matches Architect's 
sample.  Architect's decision will be final on whether a proposed product matches. 

D. Visual Selection Specification:  Where Specifications include the phrase "as selected 
by Architect from manufacturer's full range" or similar phrase, select a product that 
complies with requirements.  Architect will select color, gloss, pattern, density, or 
texture from manufacturer's product line that includes both standard and premium 
items. 

2.2 COMPARABLE PRODUCTS 

A. Conditions for Consideration:  Architect will consider Contractor's request for 
comparable product when the following conditions are satisfied.  If the following 
conditions are not satisfied, Architect may return requests without action, except to 
record noncompliance with these requirements: 

1. Evidence that the proposed product does not require revisions to the Contract 
Documents, that it is consistent with the Contract Documents and will produce 
the indicated results, and that it is compatible with other portions of the Work. 

2. Evidence that the proposed product will not adversely affect Contractor's 
construction schedule. 

3. Evidence that the proposed product has received necessary approvals of 
authorities having jurisdiction.  

4. Evidence that the proposed product will have no adverse effect on other trades 
and will not affect or delay progress schedule; or if proposed product involves 
more than one contractor, proposed product has been coordinated with other 
portions of the Work, is uniform and consistent, is compatible with other products, 
and is acceptable to all contractors involved. 

5. Evidence that the proposed product maintenance service and source of 
replacement parts, as applicable, is available similar to the specified product. 

6. Detailed comparison of significant qualities of proposed product with those 
named in the Specifications.  Significant qualities include attributes such as 
performance, weight, size, durability, visual effect, and specific features and 
requirements indicated. 

7. Evidence that proposed product provides specified warranty. 
8. List of similar installations for completed projects with project names and 

addresses and names and addresses of architects and owners, if requested. 
9. Samples, if requested. 
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PART 3 - EXECUTION (Not Used) 

END OF SECTION 016000 
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SECTION 017300 - EXECUTION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes general administrative and procedural requirements governing 
execution of the Work including, but not limited to, the following: 

1. Installation of the Work. 
2. Progress cleaning. 
3. Starting and adjusting. 
4. Protection of installed construction. 
5. Correction of the Work. 

B. Related Requirements: 

1. Section 011000 "Summary" for limits on use of Project site. 
2. Section 017329 "Cutting and Patching" for cutting and patching portions of the 

building. 

1.2 QUALITY ASSURANCE 

A. Manufacturer's Installation Instructions:  Obtain and maintain on-site manufacturer's 
written recommendations and instructions for installation of products and equipment. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. General:  Comply with requirements specified in other Sections. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Existing Conditions:  The existence and location of construction indicated as existing 
are not guaranteed.  Before beginning work, investigate and verify the existence and 
location of mechanical and electrical systems and other construction affecting the 
Work. 

1. Before construction, verify the location and points of connection of utility services:   

B. Examination and Acceptance of Conditions:  Before proceeding with each component 
of the Work, examine substrates, areas, and conditions, with Installer or Applicator 
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present where indicated, for compliance with requirements for installation tolerances 
and other conditions affecting performance.  Record observations. 

1. Examine roughing-in for mechanical and electrical systems to verify actual 
locations of connections before equipment and fixture installation. 

2. Examine walls, floors, and roofs for suitable conditions where products and 
systems are to be installed. 

3. Verify compatibility with and suitability of substrates, including compatibility with 
existing finishes or primers. 

C. Written Report:  Where a written report listing conditions detrimental to performance of 
the Work is required by other Sections, include the following: 

1. Description of the Work. 
2. List of detrimental conditions, including substrates. 
3. List of unacceptable installation tolerances. 
4. Recommended corrections. 

D. Proceed with installation only after unsatisfactory conditions have been corrected.  
Proceeding with the Work indicates acceptance of surfaces and conditions. 

3.2 PREPARATION 

A. Field Measurements:  Take field measurements as required to fit the Work properly.  
Recheck measurements before installing each product.  Where portions of the Work 
are indicated to fit to other construction, verify dimensions of other construction by field 
measurements before fabrication.  Coordinate fabrication schedule with construction 
progress to avoid delaying the Work. 

B. Space Requirements:  Verify space requirements and dimensions of items shown 
diagrammatically on Drawings. 

C. Review of Contract Documents and Field Conditions:  Immediately on discovery of the 
need for clarification of the Contract Documents caused by differing field conditions 
outside the control of Contractor, submit a request for information to Architect 
according to requirements in Section 013100 "Project Management and Coordination." 

3.3 INSTALLATION 

A. General:  Locate the Work and components of the Work accurately, in correct 
alignment and elevation, as indicated. 

1. Make vertical work plumb and make horizontal work level. 
2. Where space is limited, install components to maximize space available for 

maintenance and ease of removal for replacement. 
3. Conceal pipes, ducts, and wiring in finished areas unless otherwise indicated. 
4. Maintain minimum headroom clearance of 96 inches (2440 mm) in occupied 

spaces and 90 inches (2300 mm)   in unoccupied spaces without ceilings. 
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B. Mechanical Installations:  Comply with the following requirements: 
 

1. Where mounting heights are not detailed or dimensioned, install systems, 
materials, and equipment to provide the maximum headroom possible. 

2. Coordinate connection of mechanical systems with exterior underground and 
overhead utilities and services.  Comply with requirements of governing 
regulations, franchised service companies, and controlling agencies.  Provide 
required connection for each service. 

3. Install all equipment to facilitate servicing, maintenance, and repair or 
replacement of equipment components.  As much as practical, connect 
equipment for ease of disconnecting, with minimum of interference with other 
installations.  Extend grease fittings to an accessible location.  

C. Comply with manufacturer's written instructions and recommendations for installing 
products in applications indicated. 

D. Install products at the time and under conditions that will ensure the best possible 
results.  Maintain conditions required for product performance until Substantial 
Completion. 

E. Conduct construction operations so no part of the Work is subjected to damaging 
operations or loading in excess of that expected during normal conditions of 
occupancy. 

F. Sequence the Work and allow adequate clearances to accommodate movement of 
construction items on site and placement in permanent locations. 

G. Tools and Equipment:  Do not use tools or equipment that produce harmful noise 
levels. 

H. Templates:  Obtain and distribute to the parties involved templates for work specified to 
be factory prepared and field installed.  Check Shop Drawings of other work to confirm 
that adequate provisions are made for locating and installing products to comply with 
indicated requirements. 

I. Attachment:  Provide blocking and attachment plates and anchors and fasteners of 
adequate size and number to securely anchor each component in place, accurately 
located and aligned with other portions of the Work.  Where size and type of 
attachments are not indicated, verify size and type required for load conditions. 

1. Mounting Heights:  Where mounting heights are not indicated, mount 
components at heights directed by Architect. 

2. Allow for building movement, including thermal expansion and contraction. 
3. Coordinate installation of anchorages.  Furnish setting drawings, templates, and 

directions for installing anchorages, including sleeves, concrete inserts, anchor 
bolts, and items with integral anchors, that are to be embedded in concrete or 
masonry.  Deliver such items to Project site in time for installation. 
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J. Joints:  Make joints of uniform width.  Where joint locations in exposed work are not 
indicated, arrange joints for the best visual effect.  Fit exposed connections together to 
form hairline joints. 

K. Hazardous Materials:  Use products, cleaners, and installation materials that are not 
considered hazardous. 

3.4 PROGRESS CLEANING 

A. General:  Clean Project site, public pedestrian paths and work areas daily, including 
common areas.  Enforce requirements strictly.  Dispose of materials lawfully. 

1. Comply with requirements in NFPA 241 for removal of combustible waste 
materials and debris. 

2. Do not hold waste materials more than seven days during normal weather or 
three days if the temperature is expected to rise above 80 deg F (27 deg C). 

3. Containerize hazardous and unsanitary waste materials separately from other 
waste.  Mark containers appropriately and dispose of legally, according to 
regulations. 
a. Use containers intended for holding waste materials of type to be stored. 

4. Coordinate progress cleaning for joint-use areas where Contractor and other 
contractors are working concurrently. 

B. Site:  Maintain Project site free of waste materials and debris. 

C. Work Areas:  Clean areas where work is in progress to the level of cleanliness 
necessary for proper execution of the Work. 

1. Remove liquid spills promptly. 
2. Where dust would impair proper execution of the Work, broom-clean or vacuum 

the entire work area, as appropriate. 

D. Installed Work:  Keep installed work clean.  Clean installed surfaces according to 
written instructions of manufacturer or fabricator of product installed, using only 
cleaning materials specifically recommended.  If specific cleaning materials are not 
recommended, use cleaning materials that are not hazardous to health or property and 
that will not damage exposed surfaces. 

E. Concealed Spaces:  Remove debris from concealed spaces before enclosing the 
space. 

F. Exposed Surfaces in Finished Areas:  Clean exposed surfaces and protect as 
necessary to ensure freedom from damage and deterioration at time of Substantial 
Completion. 

G. Waste Disposal:  Do not bury or burn waste materials on-site.  Do not wash waste 
materials down sewers or into waterways.  Comply with waste disposal requirements in 
Section 017419 "Construction Waste Management and Disposal." 
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H. During handling and installation, clean and protect construction in progress and 
adjoining materials already in place.  Apply protective covering where required to 
ensure protection from damage or deterioration at Substantial Completion. 

I. Clean and provide maintenance on completed construction as frequently as necessary 
through the remainder of the construction period.  Adjust and lubricate operable 
components to ensure operability without damaging effects. 

J. Limiting Exposures:  Supervise construction operations to assure that no part of the 
construction, completed or in progress, is subject to harmful, dangerous, damaging, or 
otherwise deleterious exposure during the construction period. 

3.5 STARTING AND ADJUSTING 

A. Start equipment and operating components to confirm proper operation.  Remove 
malfunctioning units, replace with new units, and retest. 

B. Adjust equipment for proper operation.  Adjust operating components for proper 
operation without binding. 

C. Test each piece of equipment to verify proper operation.  Test and adjust controls and 
safeties.  Replace damaged and malfunctioning controls and equipment. 

D. Manufacturer's Field Service:  Comply with qualification requirements in 
Section 014000 "Quality Requirements." 

3.6 PROTECTION OF INSTALLED CONSTRUCTION 

A. Provide final protection and maintain conditions that ensure installed Work is without 
damage or deterioration at time of Substantial Completion. 

B. Comply with manufacturer's written instructions for temperature and relative humidity. 

END OF SECTION 017300 
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SECTION 017329 – CUTTING AND PATCHING  

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes procedural requirements for cutting and patching. 

B. Related Requirements: 

1. Section 011000 "Summary" for limits on use of Project site. 
2. Section 024119 “Selective Structure Removal and Demolition” for demolition of 

selected portions of the site for alterations. 
3. Section 078413 "Penetration Firestopping" for patching penetrations in fire-rated 

construction. 

C. Coordinate cutting and patching requirements with selective demolition.  Removal of 
portions of existing construction required for the installation or performance of other 
work may be indicted as selective demolition on the demolition drawings. Cut and 
patch all construction when not shown on the demolition drawings, or when additional 
cutting and patching is required after the completion of selective demolition. 

1.2 DEFINITIONS 

A. Cutting:  Removal of in-place construction necessary to permit installation or 
performance of other work. 

B. Patching:  Fitting and repair work required to restore construction to original conditions 
after installation of other work. 

1.3 INFORMATIONAL SUBMITTALS 

A. Cutting and Patching Plan:  Submit plan describing procedures at least 10 days prior to 
the time cutting and patching will be performed.  Include the following information: 

1. Extent:  Describe reason for and extent of each occurrence of cutting and 
patching. 

2. Changes to In-Place Construction:  Describe anticipated results.  Include 
changes to structural elements and operating components as well as changes in 
building appearance and other significant visual elements. 

3. Products:  List products to be used for patching and firms or entities that will 
perform patching work. 

4. Dates:  Indicate when cutting and patching will be performed. 
5. Utilities and Mechanical and Electrical Systems:  List services and systems that 

cutting and patching procedures will disturb or affect.  List services and systems 
that will be relocated and those that will be temporarily out of service.  Indicate 
length of time permanent services and systems will be disrupted. 
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a. Include description of provisions for temporary services and systems during 
interruption of permanent services and systems. 

6. Structural Elements:  Where cutting and patching involve adding reinforcement to 
structural elements, submit details and engineering calculations showing 
integration of reinforcement with original structure. 

1.4 QUALITY ASSURANCE 

A. Minimize cutting and patching of work by properly coordinating construction sequences 
with Architect. 

B. Cutting and Patching:  Comply with requirements for and limitations on cutting and 
patching of construction elements. 

1. Structural Elements:  When cutting and patching structural elements, notify 
Architect of locations and details of cutting and await directions from Architect 
before proceeding.  Shore, brace, and support structural elements during cutting 
and patching.  Do not cut and patch structural elements in a manner that could 
change their load-carrying capacity or increase deflection. 

2. Operational Elements:  Do not cut and patch operating elements and related 
components in a manner that results in reducing their capacity to perform as 
intended or that results in increased maintenance or decreased operational life or 
safety.  Operational elements include the following: 

a. Primary operational systems and equipment. 
b. Fire separation assemblies. 
c. Air or smoke barriers. 
d. Fire-suppression systems. 
e. Mechanical systems piping and ducts. 
f. Control systems. 
g. Communication systems. 
h. Fire-detection and -alarm systems. 
i. Conveying systems. 
j. Electrical wiring systems. 
k. Operating systems of special construction. 

3. Other Construction Elements:  Do not cut and patch other construction elements 
or components in a manner that could change their load-carrying capacity, that 
results in reducing their capacity to perform as intended, or that results in 
increased maintenance or decreased operational life or safety.  Other 
construction elements include but are not limited to the following: 

a. Water, moisture, or vapor barriers. 
b. Membranes and flashings. 
c. Exterior curtain-wall construction. 
d. Sprayed fire-resistive material. 
e. Equipment supports. 
f. Piping, ductwork, vessels, and equipment. 
g. Noise- and vibration-control elements and systems. 
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4. Visual Elements:  Do not cut and patch construction in a manner that results in 
visual evidence of cutting and patching.  Do not cut and patch exposed 
construction in a manner that would, in Architect's opinion, reduce the building's 
aesthetic qualities.  Remove and replace construction that has been cut and 
patched in a visually unsatisfactory manner. 

C. Cutting and Patching Conference:  Before proceeding, meet at Project site with parties 
involved in cutting and patching, including mechanical and electrical trades.  Review 
areas of potential interference and conflict.  Coordinate procedures and resolve 
potential conflicts before proceeding. 

D. Manufacturer's Installation Instructions:  Obtain and maintain on-site manufacturer's 
written recommendations and instructions for installation of products and equipment. 

PART 2 - PRODUCTS  

2.1 MATERIALS 

A. General:  Comply with requirements specified in other Sections of these Specifications. 

B. Existing Materials:  Use materials identical to existing materials.  For exposed surfaces, 
use materials that visually match existing adjacent surfaces to the fullest extent 
possible. 

1. If identical materials are unavailable or cannot be used, use materials that, when 
installed, will match the visual and functional performance of existing materials. 

PART 3 - EXECUTION 

3.1 CUTTING AND PATCHING 

A. Cutting and Patching, General:  Employ skilled workers to perform cutting and 
patching.  Proceed with cutting and patching at the earliest feasible time, and complete 
without delay. 

1. Cut in-place construction to provide for installation of other components or 
performance of other construction, and subsequently patch as required to restore 
surfaces to their original condition. 

B. Existing Warranties:  Remove, replace, patch, and repair materials and surfaces cut or 
damaged during installation or cutting and patching operations, by methods and with 
materials so as not to void existing warranties. 

1. Cutting and Patching of Existing Roofing System: Contractors performing cutting 
and patching of the existing roof membrane shall be certified installers by the 
existing roof membrane manufacturer for their products. When existing roofing 
system is still under warranty, coordinate all work on the existing roofing system 
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with manufacturer. All cutting and patching work on roofing system shall be 
performed in a manner that does not void the warranty. 

C. Temporary Support:  Provide temporary support of work to be cut. 

D. Protection:  Protect in-place construction during cutting and patching to prevent 
damage.  Provide protection from adverse weather conditions for portions of Project 
that might be exposed during cutting and patching operations. 

E. Adjacent Occupied Areas:  Where interference with use of adjoining areas or 
interruption of free passage to adjoining areas is unavoidable, coordinate cutting and 
patching according to requirements in Section 01 1000 "Summary." 

F. Existing Utility Services and Mechanical/Electrical Systems:  Where existing 
services/systems are required to be removed, relocated, or abandoned, bypass such 
services/systems before cutting to prevent interruption to occupied areas. 

G. Cutting:  Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and 
similar operations, including excavation, using methods least likely to damage 
elements retained or adjoining construction.  If possible, review proposed procedures 
with original Installer; comply with original Installer's written recommendations. 

1. In general, use hand or small power tools designed for sawing and grinding, not 
hammering and chopping.  Cut holes and slots neatly to minimum size required, 
and with minimum disturbance of adjacent surfaces.  Temporarily cover openings 
when not in use. 

2. Finished Surfaces:  Cut or drill from the exposed or finished side into concealed 
surfaces. 

3. Concrete and Masonry:  Cut using a cutting machine, such as an abrasive saw or 
a diamond-core drill. 

4. Excavating and Backfilling:  Comply with requirements in applicable Sections 
where required by cutting and patching operations. 

5. Mechanical and Electrical Services:  Cut off pipe or conduit in walls or partitions 
to be removed.  Cap, valve, or plug and seal remaining portion of pipe or conduit 
to prevent entrance of moisture or other foreign matter after cutting. 

6. Proceed with patching after construction operations requiring cutting are 
complete. 

H. Patching:  Patch construction by filling, repairing, refinishing, closing up, and similar 
operations following performance of other work.  Patch with durable seams that are as 
invisible as practicable.  Provide materials and comply with installation requirements 
specified in other Sections, where applicable. 

1. Inspection:  Where feasible, test and inspect patched areas after completion to 
demonstrate physical integrity of installation. 

2. Exposed Finishes:  Restore exposed finishes of patched areas and extend finish 
restoration into retained adjoining construction in a manner that will minimize 
evidence of patching and refinishing. 
a. Clean piping, conduit, and similar features before applying paint or other 

finishing materials. 
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b. Restore damaged pipe covering to its original condition. 

3. Floors and Walls:  Where walls or partitions that are removed extend one 
finished area into another, patch and repair floor and wall surfaces in the new 
space.  Provide an even surface of uniform finish, color, texture, and 
appearance.  Remove in-place floor and wall coverings and replace with new 
materials, if necessary, to achieve uniform color and appearance. 
a. Where patching occurs in a painted surface, prepare substrate and apply 

primer and intermediate paint coats appropriate for substrate over the 
patch, and apply final paint coat over entire unbroken surface containing 
the patch.  Provide additional coats until patch blends with adjacent 
surfaces. 

4. Ceilings:  Patch, repair, or rehang in-place ceilings as necessary to provide an 
even-plane surface of uniform appearance. 

5. Exterior Building Enclosure:  Patch components in a manner that restores 
enclosure to a weathertight condition and ensures thermal and moisture integrity 
of building enclosure. 

I. Cleaning:  Clean areas and spaces where cutting and patching are performed.  
Remove paint, mortar, oils, putty, and similar materials from adjacent finished surfaces. 

END OF SECTION 017329 
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SECTION 017419 - CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements for the following: 

1. Salvaging nonhazardous demolition and construction waste. 
2. Recycling nonhazardous demolition and construction waste. 
3. Disposing of nonhazardous demolition and construction waste. 

1.2 DEFINITIONS 

A. Construction Waste: Building, structure, and site improvement materials and other solid 
waste resulting from construction, remodeling, renovation, or repair operations. 
Construction waste includes packaging. 

B. Demolition Waste: Building, structure, and site improvement materials resulting from 
demolition operations. 

C. Disposal: Removal of demolition or construction waste and subsequent salvage, sale, 
recycling, or deposit in landfill, incinerator acceptable to authorities having jurisdiction. 

D. Recycle: Recovery of demolition or construction waste for subsequent processing in 
preparation for reuse. 

E. Salvage: Recovery of demolition or construction waste and subsequent sale or reuse in 
another facility. 

F. Salvage and Reuse: Recovery of demolition or construction waste and subsequent 
incorporation into the Work. 

1.3 MATERIALS OWNERSHIP 

A. Unless otherwise indicated, demolition and construction waste becomes property of 
Contractor. 

B. Historic items, relics, antiques, and similar objects including, but not limited to, 
cornerstones and their contents, commemorative plaques and tablets, and other items 
of interest or value to Owner that may be uncovered during demolition remain the 
property of Owner. 

1. Carefully salvage in a manner to prevent damage and promptly return to Owner. 
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1.4 ACTION SUBMITTALS 

A. Waste Management Plan: Submit plan within 15 days of date established for 
commencement of the Work. 

1.5 QUALITY ASSURANCE 

A. Regulatory Requirements: Comply with transportation and disposal regulations of 
authorities having jurisdiction. 

1.6 WASTE MANAGEMENT PLAN 

A. General: Develop a waste management plan according to requirements in this Section. 
Plan shall consist of waste identification, and waste reduction work plan. Distinguish 
between demolition and construction waste. 

B. Waste Identification: Indicate anticipated types of demolition and construction waste 
generated by the Work. 

C. Waste Reduction Work Plan: List each type of waste and whether it will be salvaged, 
recycled, or disposed of in landfill or incinerator.  

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. General: Practice efficient waste management in the use of materials in the course of 
the Work. Use all reasonable means to divert construction and demolition waste from 
landfills and incinerators. Facilitate recycling and salvage of materials. 

1. Construction Waste: 

a. Packaging: Salvage or recycle 100 percent of the following uncontaminated 
packaging materials: 

1) Paper. 
2) Cardboard. 
3) Boxes. 
4) Plastic sheet and film. 
5) Polystyrene packaging. 
6) Wood crates. 
7) Wood pallets. 
8) Plastic pails. 

b. Construction Office Waste: Salvage or recycle 100 percent of the following 
construction office waste materials: 
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1) Paper. 
2) Aluminum cans. 
3) Glass containers. 

PART 3 - EXECUTION 

3.1 PLAN IMPLEMENTATION 

A. General: Provide handling, containers, storage, signage, transportation, and other 
items as required to implement waste management plan during the entire duration of 
the Contract. 

1. Comply with operation, termination, and removal requirements in Section 015000 
"Temporary Facilities and Controls." 

2. Review waste management procedures with all entities when they first begin 
work on-site, including locations established for salvage, recycling, and disposal. 

B. Site Access and Temporary Controls: Conduct waste management operations to 
ensure minimum interference with roads, streets, walks, walkways, and other adjacent 
occupied and used facilities. 

1. Designate and label specific areas on Project site necessary for separating 
materials that are to be salvaged and recycled. 

 

 END OF SECTION 017419 
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SECTION 017700 - CLOSEOUT PROCEDURES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements for contract closeout, 
including, but not limited to, the following: 

1. Substantial Completion procedures. 
2. Final completion procedures. 
3. Warranties. 
4. Final cleaning. 
5. Repair of the Work. 

B. Related Requirements: 

1. Section 013233 "Photographic Documentation" for submitting final completion 
construction photographic documentation. 

2. Section 017300 "Execution" for progress cleaning of Project site. 
3. Section 017823 "Operation and Maintenance Data" for operation and 

maintenance manual requirements. 
4. Section 017839 "Project Record Documents" for submitting record Drawings, 

record Specifications, and record Product Data. 
5. Section 017900 "Demonstration and Training" for requirements for instructing 

Owner's personnel. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For cleaning agents. 

B. Contractor's List of Incomplete Items:  Initial submittal at Substantial Completion. 

C. Certified List of Incomplete Items:  Final submittal at Final Completion. 

1.3 CLOSEOUT SUBMITTALS 

A. Certificates of Release:  From authorities having jurisdiction. 

B. Certificate of Insurance:  For continuing coverage. 

1.4 MAINTENANCE MATERIAL SUBMITTALS 

A. Schedule of Maintenance Material Items:  For maintenance material submittal items 
specified in other Sections. 
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1.5 SUBSTANTIAL COMPLETION PROCEDURES 

A. Contractor's List of Incomplete Items:  Prepare and submit a list of items to be 
completed and corrected (Contractor's punch list), indicating the value of each item on 
the list and reasons why the Work is incomplete. 

B. Submittals Prior to Substantial Completion:  Complete the following a minimum of 10  
days prior to requesting inspection for determining date of Substantial Completion.  List 
items below that are incomplete at time of request. 

1. Certificates of Release:  Obtain and submit releases from authorities having 
jurisdiction permitting Owner unrestricted use of the Work and access to services 
and utilities.  Include occupancy permits, operating certificates, and similar 
releases. 

2. Submit closeout submittals specified in other Division 01 Sections, including 
project record documents, operation and maintenance manuals, final completion 
construction photographic documentation, damage or settlement surveys, 
property surveys, and similar final record information. 

3. Submit closeout submittals specified in individual Sections, including specific 
warranties, workmanship bonds, maintenance service agreements, final 
certifications, and similar documents. 

4. Submit maintenance material submittals specified in individual Sections, 
including tools, spare parts, extra materials, and similar items, and deliver to 
location designated by Architect. Label with manufacturer's name and model 
number where applicable. 

a. Schedule of Maintenance Material Items:  Prepare and submit schedule of 
maintenance material submittal items, including name and quantity of each 
item and name and number of related Specification Section.  Obtain 
Architect's signature for receipt of submittals. 

5. Submit test/adjust/balance records. 
6. Submit changeover information related to Owner's occupancy, use, operation, 

and maintenance. 
7. Submit fully executed Certification of Drawings and Specification Compliance 

form included at the end of this Section.  

C. Procedures Prior to Substantial Completion:  Complete the following a minimum of 10  
days prior to requesting inspection for determining date of Substantial Completion.  List 
items below that are incomplete at time of request. 

1. Advise Owner of pending insurance changeover requirements. 
2. Make final changeover of permanent locks and deliver keys to Owner.  Advise 

Owner's personnel of changeover in security provisions. 
3. Complete startup and testing of systems and equipment. 
4. Perform preventive maintenance on equipment used prior to Substantial 

Completion. 
5. Instruct Owner's personnel in operation, adjustment, and maintenance of 

products, equipment, and systems.  Submit demonstration and training video 
recordings specified in Section 017900 "Demonstration and Training." 
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6. Advise Owner of changeover in heat and other utilities. 
7. Participate with Owner in conducting inspection and walkthrough with local 

emergency responders. 
8. Terminate and remove temporary facilities from Project site, along with mockups, 

construction tools, and similar elements. 
9. Complete final cleaning requirements, including touchup painting. 
10. Touch up and otherwise repair and restore marred exposed finishes to eliminate 

visual defects. 

D. Inspection:  Submit a written request for inspection to determine Substantial 
Completion a minimum of 10  days prior to date the work will be completed and ready 
for final inspection and tests.  On receipt of request, Architect will either proceed with 
inspection or notify Contractor of unfulfilled requirements.  Architect will prepare the 
Certificate of Substantial Completion after inspection or will notify Contractor of items, 
either on Contractor's list or additional items identified by Architect, that must be 
completed or corrected before certificate will be issued. 

1. Architect will perform inspection in areas no smaller than a floor plate.  Inspection 
of individual rooms or spaces will not be performed. 

2. Reinspection:  Request reinspection when the Work identified in previous 
inspections as incomplete is completed or corrected. 
a. Reinspection Limits:  The Architect is limited to performing the original 

inspection and two reinspections of the same area as part of their services.  
The cost of any reinspections required beyond this amount will be borne by 
the Contractor. Contractor shall reimburse Owner for reinspection fees paid 
to the Architect through a credit change order in the amount stipulated by 
the Owner 

 
3. Results of completed inspection will form the basis of requirements for final 

completion. 

1.6 FINAL COMPLETION PROCEDURES 

A. Submittals Prior to Final Completion:  Before requesting final inspection for determining 
final completion, complete the following: 

1. Certified List of Incomplete Items:  Submit certified copy of Architect's Substantial 
Completion inspection list of items to be completed or corrected (punch list), 
endorsed and dated by Architect.  Certified copy of the list shall state that each 
item has been completed or otherwise resolved for acceptance. 

2. Certificate of Insurance:  Submit evidence of final, continuing insurance coverage 
complying with insurance requirements. 

3. Submit pest-control final inspection report. 

B. Inspection:  Submit a written request for final inspection to determine acceptance a 
minimum of 10 days prior to date the work will be completed and ready for final 
inspection and tests.  On receipt of request, Architect will either proceed with 
inspection or notify Contractor of unfulfilled requirements.  Architect will prepare a final 
Certificate for Payment after inspection or will notify Contractor of construction that 
must be completed or corrected before certificate will be issued. 
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1. Reinspection:  Request reinspection when the Work identified in previous 
inspections as incomplete is completed or corrected. 
a. Reinspection Limits:  The Architect are limited to performing the original 

inspection and two reinspections of the same area as part of their services.  
The cost of any reinspections required beyond this amount will be borne by 
the Contractor. Contractor shall reimburse Owner for reinspection fees paid 
to the Architect through a credit change order in the amount stipulated by 
the Owner 

1.7 LIST OF INCOMPLETE ITEMS (PUNCH LIST) 

A. Organization of List:  Include name and identification of each space and area affected 
by construction operations for incomplete items and items needing correction including, 
if necessary, areas disturbed by Contractor that are outside the limits of construction. 

1. Organize list of spaces in sequential order, starting with exterior areas first and 
proceeding from lowest floor to highest floor. 

2. Organize items applying to each space by major element, including categories 
for ceiling, individual walls, floors, equipment, and building systems. 

3. Include the following information at the top of each page: 

a. Project name. 
b. Date. 
c. Name of Architect. 
d. Name of Contractor. 
e. Page number. 

4. Submit list of incomplete items in the following format: 

a. MS Excel electronic file.  Architect will return annotated file. 
 

1.8 SUBMITTAL OF PROJECT WARRANTIES 

A. Time of Submittal:  Submit written warranties on request of Architect for designated 
portions of the Work where commencement of warranties other than date of 
Substantial Completion is indicated, or when delay in submittal of warranties might limit 
Owner's rights under warranty. 

B. Partial Occupancy:  Submit properly executed warranties within 15  days of completion 
of designated portions of the Work that are completed and occupied or used by Owner 
during construction period by separate agreement with Contractor. 

C. Organize warranty documents into an orderly sequence based on the table of contents 
of Project Manual. 

1. Bind warranties and bonds in heavy-duty, three-ring, vinyl-covered, loose-leaf 
binders, thickness as necessary to accommodate contents, and sized to receive 
8-1/2-by-11-inch (215-by-280-mm) paper. 

2. Provide heavy paper dividers with plastic-covered tabs for each separate 
warranty.  Mark tab to identify the product or installation.  Provide a typed 
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description of the product or installation, including the name of the product and 
the name, address, and telephone number of Installer. 

3. Identify each binder on the front and spine with the typed or printed title 
"WARRANTIES," Project name, and name of Contractor. 

4. Warranty Electronic File:  Scan warranties and bonds and assemble complete 
warranty and bond submittal package into a single indexed electronic PDF file 
with links enabling navigation to each item.  Provide bookmarked table of 
contents at beginning of document. 

D. Provide additional copies of each warranty to include in operation and maintenance 
manuals. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Cleaning Agents:  Use cleaning materials and agents recommended by manufacturer 
or fabricator of the surface to be cleaned.  Do not use cleaning agents that are 
potentially hazardous to health or property or that might damage finished surfaces. 

1. Use cleaning products that comply with Green Seal's GS-37, or if GS-37 is not 
applicable, use products that comply with the California Code of Regulations 
maximum allowable VOC levels. 

PART 3 - EXECUTION 

3.1 FINAL CLEANING 

A. General:  Perform final cleaning.  Conduct cleaning and waste-removal operations to 
comply with local laws and ordinances and Federal and local environmental and 
antipollution regulations. 

B. Cleaning:  Employ experienced workers or professional cleaners for final cleaning.  
Clean each surface or unit to condition expected in an average commercial building 
cleaning and maintenance program.  Comply with manufacturer's written instructions. 

1. Complete the following cleaning operations before requesting inspection for 
certification of Substantial Completion for entire Project or for a designated 
portion of Project: 

a. Clean Project site, yard, and grounds, in areas disturbed by construction 
activities, including landscape development areas, of rubbish, waste 
material, litter, and other foreign substances. 

b. Sweep paved areas broom clean.  Remove petrochemical spills, stains, 
and other foreign deposits. 

c. Rake grounds that are neither planted nor paved to a smooth, even-
textured surface. 
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d. Remove tools, construction equipment, machinery, and surplus material 
from Project site. 

e. Remove snow and ice to provide safe access to building. 
f. Clean exposed exterior and interior hard-surfaced finishes to a dirt-free 

condition, free of stains, films, and similar foreign substances.  Avoid 
disturbing natural weathering of exterior surfaces.  Restore reflective 
surfaces to their original condition. 

g. Remove debris and surface dust from limited access spaces, including 
roofs, plenums, shafts, trenches, equipment vaults, manholes, attics, and 
similar spaces. 

h. Sweep concrete floors broom clean in unoccupied spaces. 
i. Vacuum carpet and similar soft surfaces, removing debris and excess nap; 

clean according to manufacturer's recommendations if visible soil or stains 
remain. 

j. Clean transparent materials, including mirrors and glass in doors and 
windows.  Remove glazing compounds and other noticeable, vision-
obscuring materials.  Polish mirrors and glass, taking care not to scratch 
surfaces. 

k. Remove labels that are not permanent. 
l. Wipe surfaces of mechanical and electrical equipment, elevator equipment, 

and similar equipment.  Remove excess lubrication, paint and mortar 
droppings, and other foreign substances. 

m. Clean plumbing fixtures to a sanitary condition, free of stains, including 
stains resulting from water exposure. 

n. Replace disposable air filters and clean permanent air filters.  Clean 
exposed surfaces of diffusers, registers, and grills. 

o. Clean ducts, blowers, and coils if units were operated without filters during 
construction or that display contamination with particulate matter on 
inspection. 
1) Clean HVAC system in compliance with NADCA ACR.  Provide 

written report on completion of cleaning. 

p. Clean light fixtures, lamps, globes, and reflectors to function with full 
efficiency. 

q. Leave Project clean and ready for occupancy. 

C. Construction Waste Disposal:  Comply with waste disposal requirements in 
Section 017419 "Construction Waste Management and Disposal." 

3.2 REPAIR OF THE WORK 

A. Complete repair and restoration operations before requesting inspection for 
determination of Substantial Completion. 

B. Repair or remove and replace defective construction.  Repairing includes replacing 
defective parts, refinishing damaged surfaces, touching up with matching materials, 
and properly adjusting operating equipment.  Where damaged or worn items cannot be 
repaired or restored, provide replacements.  Remove and replace operating 
components that cannot be repaired. Restore damaged construction and permanent 
facilities used during construction to specified condition. 
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1. Remove and replace chipped, scratched, and broken glass, reflective surfaces, 
and other damaged transparent materials. 

2. Touch up and otherwise repair and restore marred or exposed finishes and 
surfaces.  Replace finishes and surfaces that that already show evidence of 
repair or restoration. 
a. Do not paint over "UL" and other required labels and identification, 

including mechanical and electrical nameplates.  Remove paint applied to 
required labels and identification. 

3. Replace parts subject to operating conditions during construction that may 
impede operation or reduce longevity. 

4. Replace burned-out bulbs, bulbs noticeably dimmed by hours of use, and 
defective and noisy starters in fluorescent and mercury vapor fixtures to comply 
with requirements for new fixtures. 

END OF SECTION 017700 

Attachment: Certification of Drawing and Specification Compliance form 
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CERTIFICATION OF DRAWING AND SPECIFICATION COMPLIANCE 
 
The Undersigned Prime Contractor does herein certify that:   
 
1. All materials furnished for this project do fully comply with all specification requirements as 

stated within the Contract Documents;  
 
2. That no asbestos containing materials of any nature are used in the work; 
 
3. That execution of the Work covered by this certification has been performed in accordance 

with the Contract Document drawings. 
 
CONTRACT NUMBER AND CONTRACT NAME: _____________________________________ 
 
NAME OF CONTRACTOR: _______________________________________________________ 
 
CERTIFICATION BY: _____________________________ TITLE: ________________________ 
 
ADDRESS: ____________________________________________________________________ 
 
DATED: ______________________________________________________________________ 
 
 
CORPORATE ACKNOWLEDGEMENT 
 
      )SS. 
      ) 
 
On the _________________ day of ________________, before me came _________________ to 
me known and who by me being duly sworn did depose and say that he resides at 
______________________________ that he is the officer of the said corporation executing the 
foregoing instrument, that he knows the seal of said corporation, that the seal affixed to said 
instrument is such corporate seal, that it was so affixed by order of the Board of Directors of said 
corporation and that he signed his name thereto by like order. 
 
       ______________________________ 
           Notary Public 
 
INDIVIDUAL ACKNOWLEDGEMENT 
 
State of 
      )SS. 
      ) 
County of 
 
On the _________________ day of _________________, before me came _________________ 
to me known and who by me being duly sworn did depose and say that he resides at 
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______________________________ that he is the individual who executed the foregoing 
instrument. 
 
       ______________________________ 
           Notary Public 
 
PARTNERSHIP ACKNOWLEDGEMENT 
 
State of 
      )SS. 
      ) 
County of 
 
On the _________________ day of ________________, before me came _________________ to 
me known and who by me being duly sworn did depose and say that he resides at 
______________________________ that he is the partner in the firm of 
______________________________ doing business under the name of 
_______________________________ and that he executed the foregoing instrument on behalf of 
said partnership. 
 
       ______________________________ 
           Notary Public 
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SECTION 017823 - OPERATION AND MAINTENANCE DATA 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements for preparing operation 
and maintenance manuals, including the following: 

1. Operation and maintenance documentation directory. 
2. Emergency manuals. 
3. Operation manuals for systems, subsystems, and equipment. 
4. Product maintenance manuals. 
5. Systems and equipment maintenance manuals. 

B. Related Requirements: 

1. Section 013300 "Submittal Procedures" for submitting copies of submittals for 
operation and maintenance manuals. 

1.2 DEFINITIONS 

A. System:  An organized collection of parts, equipment, or subsystems united by regular 
interaction. 

B. Subsystem:  A portion of a system with characteristics similar to a system. 

1.3 CLOSEOUT SUBMITTALS 

A. Manual Content:  Operations and maintenance manual content is specified in individual 
Specification Sections to be reviewed at the time of Section submittals.  Submit 
reviewed manual content formatted and organized as required by this Section. 

1. Architect  will comment on whether content of operations and maintenance 
submittals are acceptable. 

2. Where applicable, clarify and update reviewed manual content to correspond to 
revisions and field conditions. 

B. Format:  Submit operations and maintenance manuals in the following format: 

1. PDF electronic file.  Assemble each manual into a composite electronically 
indexed file complete with Table of Contents and book marked by equipment.  
Submit on digital media acceptable to Architect. 

a. Name each indexed document file in composite electronic index with 
applicable item name.  Include a complete electronically linked operation 
and maintenance directory. 

b. Enable inserted reviewer comments on draft submittals. 
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2. Three paper copies.  Include a complete operation and maintenance directory.  
Enclose title pages and directories in clear plastic sleeves.   

C. Initial Manual Submittal:  Submit draft copy of each manual at least 60 days before 
commencing demonstration and training.  Architect will comment on whether general 
scope and content of manual are acceptable. 

D. Final Manual Submittal:  Submit each manual in final form prior to requesting 
inspection for Substantial Completion and at least 30 days before commencing 
demonstration and training.  Architect will return copy with comments. 

1. Correct or revise each manual to comply with Architect's comments.  Submit 
copies of each corrected manual within 15 days of receipt of Architect's  
comments and prior to commencing demonstration and training. 

PART 2 - PRODUCTS 

2.1 OPERATION AND MAINTENANCE DOCUMENTATION DIRECTORY 

A. Directory:  Prepare a single, comprehensive directory of emergency, operation, and 
maintenance data and materials, listing items and their location to facilitate ready 
access to desired information.  Include a section in the directory for each of the 
following: 

1. List of documents. 
2. List of systems. 
3. List of equipment. 
4. Table of contents. 

B. List of Systems and Subsystems:  List systems alphabetically.  Include references to 
operation and maintenance manuals that contain information about each system. 

C. List of Equipment:  List equipment for each system, organized alphabetically by 
system.  For pieces of equipment not part of system, list alphabetically in separate list. 

D. Tables of Contents:  Include a table of contents for each emergency, operation, and 
maintenance manual. 

E. Identification:  In the documentation directory and in each operation and maintenance 
manual, identify each system, subsystem, and piece of equipment with same 
designation used in the Contract Documents.  If no designation exists, assign a 
designation according to ASHRAE Guideline 4, "Preparation of Operating and 
Maintenance Documentation for Building Systems." 

2.2 REQUIREMENTS FOR EMERGENCY, OPERATION, AND MAINTENANCE 
MANUALS 

A. Organization:  Unless otherwise indicated, organize each manual into a separate 
section for each system and subsystem, and a separate section for each piece of 
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equipment not part of a system.  Each manual shall contain the following materials, in 
the order listed: 

1. Title page. 
2. Table of contents. 
3. Manual contents. 

B. Title Page:  Include the following information: 

1. Subject matter included in manual. 
2. Name and address of Project. 
3. Name and address of Owner. 
4. Date of submittal. 
5. Name and contact information for Contractor. 
6. Name and contact information for Architect. 
7. Names and contact information for major consultants to the Architect that 

designed the systems contained in the manuals. 
8. Cross-reference to related systems in other operation and maintenance manuals. 

C. Table of Contents:  List each product included in manual, identified by product name, 
indexed to the content of the volume, and cross-referenced to Specification Section 
number in Project Manual. 

1. If operation or maintenance documentation requires more than one volume to 
accommodate data, include comprehensive table of contents for all volumes in 
each volume of the set. 

D. Manual Contents:  Organize into sets of manageable size.  Arrange contents 
alphabetically by system, subsystem, and equipment.  If possible, assemble 
instructions for subsystems, equipment, and components of one system into a single 
binder. 

E. Manuals, Electronic Files:  Submit manuals in the form of a multiple file composite 
electronic PDF file for each manual type required. 

1. Electronic Files:  Use electronic files prepared by manufacturer where available.  
Where scanning of paper documents is required, configure scanned file for 
minimum readable file size. 

2. File Names and Bookmarks:  Enable bookmarking of individual documents based 
on file names.  Name document files to correspond to system, subsystem, and 
equipment names used in manual directory and table of contents.  Group 
documents for each system and subsystem into individual composite 
bookmarked files, then create composite manual, so that resulting bookmarks 
reflect the system, subsystem, and equipment names in a readily navigated file 
tree.  Configure electronic manual to display bookmark panel on opening file. 

F. Manuals, Paper Copy:  Submit manuals in the form of hard copy, bound and labeled 
volumes. 
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1. Binders:  Heavy-duty, three-ring, vinyl-covered, loose-leaf binders, in thickness 
necessary to accommodate contents, sized to hold 8-1/2-by-11-inch (215-by-
280-mm) paper; with clear plastic sleeve on spine to hold label describing 
contents and with pockets inside covers to hold folded oversize sheets. 

a. If two or more binders are necessary to accommodate data of a system, 
organize data in each binder into groupings by subsystem and related 
components.  Cross-reference other binders if necessary to provide 
essential information for proper operation or maintenance of equipment or 
system. 

b. Identify each binder on front and spine, with printed title "OPERATION 
AND MAINTENANCE MANUAL," Project title or name, and subject matter 
of contents, and indicate Specification Section number on bottom of spine.  
Indicate volume number for multiple-volume sets. 

2. Dividers:  Heavy-paper dividers with plastic-covered tabs for each section of the 
manual.  Mark each tab to indicate contents.  Include typed list of products and 
major components of equipment included in the section on each divider, cross-
referenced to Specification Section number and title of Project Manual. 

3. Protective Plastic Sleeves:  Transparent plastic sleeves designed to enclose 
diagnostic software storage media for computerized electronic equipment. 

4. Supplementary Text:  Prepared on 8-1/2-by-11-inch (215-by-280-mm) white bond 
paper. 

5. Drawings:  Attach reinforced, punched binder tabs on drawings and bind with 
text. 

a. If oversize drawings are necessary, fold drawings to same size as text 
pages and use as foldouts. 

b. If drawings are too large to be used as foldouts, fold and place drawings in 
labeled envelopes and bind envelopes in rear of manual.  At appropriate 
locations in manual, insert typewritten pages indicating drawing titles, 
descriptions of contents, and drawing locations. 

2.3 EMERGENCY MANUALS 

A. Content:  Organize manual into a separate section for each of the following: 

1. Type of emergency. 
2. Emergency instructions. 
3. Emergency procedures. 

B. Type of Emergency:  Where applicable for each type of emergency indicated below, 
include instructions and procedures for each system, subsystem, piece of equipment, 
and component: 

1. Fire. 
2. Flood. 
3. Gas leak. 
4. Water leak. 
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5. Power failure. 
6. Water outage. 
7. System, subsystem, or equipment failure. 
8. Chemical release or spill. 

C. Emergency Instructions:  Describe and explain warnings, trouble indications, error 
messages, and similar codes and signals.  Include responsibilities of Owner's operating 
personnel for notification of Installer, supplier, and manufacturer to maintain warranties. 

D. Emergency Procedures:  Include the following, as applicable: 

1. Instructions on stopping. 
2. Shutdown instructions for each type of emergency. 
3. Operating instructions for conditions outside normal operating limits. 
4. Required sequences for electric or electronic systems. 
5. Special operating instructions and procedures. 

2.4 OPERATION MANUALS 

A. Content:  In addition to requirements in this Section, include operation data required in 
individual Specification Sections and the following information: 

1. System, subsystem, and equipment descriptions.  Use designations for systems 
and equipment indicated on Contract Documents. 

2. Performance and design criteria if Contractor has delegated design 
responsibility. 

3. Operating standards. 
4. Operating procedures. 
5. Operating logs. 
6. Wiring diagrams. 
7. Control diagrams. 
8. Piped system diagrams. 
9. Precautions against improper use. 
10. License requirements including inspection and renewal dates. 

B. Descriptions:  Include the following: 

1. Product name and model number.  Use designations for products indicated on 
Contract Documents. 

2. Manufacturer's name. 
3. Equipment identification with serial number of each component. 
4. Equipment function. 
5. Operating characteristics. 
6. Limiting conditions. 
7. Performance curves. 
8. Engineering data and tests. 
9. Complete nomenclature and number of replacement parts. 

C. Operating Procedures:  Include the following, as applicable: 
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1. Startup procedures. 
2. Equipment or system break-in procedures. 
3. Routine and normal operating instructions. 
4. Regulation and control procedures. 
5. Instructions on stopping. 
6. Normal shutdown instructions. 
7. Seasonal and weekend operating instructions. 
8. Required sequences for electric or electronic systems. 
9. Special operating instructions and procedures. 

D. Systems and Equipment Controls:  Describe the sequence of operation, and diagram 
controls as installed. 

E. Piped Systems:  Diagram piping as installed, and identify color-coding where required 
for identification. 

2.5 PRODUCT MAINTENANCE MANUALS 

A. Content:  Organize manual into a separate section for each product, material, and 
finish.  Include source information, product information, maintenance procedures, 
repair materials and sources, and warranties and bonds, as described below. 

B. Source Information:  List each product included in manual, identified by product name 
and arranged to match manual's table of contents.  For each product, list name, 
address, and telephone number of Installer or supplier and maintenance service agent, 
and cross-reference Specification Section number and title in Project Manual and 
drawing or schedule designation or identifier where applicable. 

C. Product Information:  Include the following, as applicable: 

1. Product name and model number. 
2. Manufacturer's name. 
3. Color, pattern, and texture. 
4. Material and chemical composition. 
5. Reordering information for specially manufactured products. 

D. Maintenance Procedures:  Include manufacturer's written recommendations and the 
following: 

1. Inspection procedures. 
2. Types of cleaning agents to be used and methods of cleaning. 
3. List of cleaning agents and methods of cleaning detrimental to product. 
4. Schedule for routine cleaning and maintenance. 
5. Repair instructions. 

E. Repair Materials and Sources:  Include lists of materials and local sources of materials 
and related services. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 

 

                                                           017823 - 7  OPERATION AND MAINTENANCE DATA 

F. Warranties and Bonds:  Include copies of warranties and bonds and lists of 
circumstances and conditions that would affect validity of warranties or bonds. 

1. Include procedures to follow and required notifications for warranty claims. 

2.6 SYSTEMS AND EQUIPMENT MAINTENANCE MANUALS 

A. Content:  For each system, subsystem, and piece of equipment not part of a system, 
include source information, manufacturers' maintenance documentation, maintenance 
procedures, maintenance and service schedules, spare parts list and source 
information, maintenance service contracts, and warranty and bond information, as 
described below. 

B. Source Information:  List each system, subsystem, and piece of equipment included in 
manual, identified by product name and arranged to match manual's table of contents.  
For each product, list name, address, and telephone number of Installer or supplier and 
maintenance service agent, and cross-reference Specification Section number and title 
in Project Manual and drawing or schedule designation or identifier where applicable. 

C. Manufacturers' Maintenance Documentation:  Manufacturers' maintenance 
documentation including the following information for each component part or piece of 
equipment: 

1. Standard maintenance instructions and bulletins. 
2. Drawings, diagrams, and instructions required for maintenance, including 

disassembly and component removal, replacement, and assembly. 
3. Identification and nomenclature of parts and components. 
4. List of items recommended to be stocked as spare parts. 

D. Maintenance Procedures:  Include the following information and items that detail 
essential maintenance procedures: 

1. Test and inspection instructions. 
2. Troubleshooting guide. 
3. Precautions against improper maintenance. 
4. Disassembly; component removal, repair, and replacement; and reassembly 

instructions. 
5. Aligning, adjusting, and checking instructions. 
6. Demonstration and training video recording, if available. 

E. Maintenance and Service Schedules:  Include service and lubrication requirements, list 
of required lubricants for equipment, and separate schedules for preventive and routine 
maintenance and service with standard time allotment. 

1. Scheduled Maintenance and Service:  Tabulate actions for daily, weekly, 
monthly, quarterly, semiannual, and annual frequencies. 

2. Maintenance and Service Record:  Include manufacturers' forms for recording 
maintenance. 
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F. Spare Parts List and Source Information:  Include lists of replacement and repair parts, 
with parts identified and cross-referenced to manufacturers' maintenance 
documentation and local sources of maintenance materials and related services. 

G. Maintenance Service Contracts:  Include copies of maintenance agreements with 
name and telephone number of service agent. 

H. Warranties and Bonds:  Include copies of warranties and bonds and lists of 
circumstances and conditions that would affect validity of warranties or bonds. 

1. Include procedures to follow and required notifications for warranty claims. 

PART 3 - EXECUTION 

3.1 MANUAL PREPARATION 

A. Operation and Maintenance Documentation Directory:  Prepare a separate manual that 
provides an organized reference to emergency, operation, and maintenance manuals. 

B. Emergency Manual:  Assemble a complete set of emergency information indicating 
procedures for use by emergency personnel and by Owner's operating personnel for 
types of emergencies indicated. 

C. Product Maintenance Manual:  Assemble a complete set of maintenance data 
indicating care and maintenance of each product, material, and finish incorporated into 
the Work. 

D. Operation and Maintenance Manuals:  Assemble a complete set of operation and 
maintenance data indicating operation and maintenance of each system, subsystem, 
and piece of equipment not part of a system. 

1. Engage a factory-authorized service representative to assemble and prepare 
information for each system, subsystem, and piece of equipment not part of a 
system. 

2. Prepare a separate manual for each system and subsystem, in the form of an 
instructional manual for use by Owner's operating personnel. 

E. Manufacturers' Data:  Where manuals contain manufacturers' standard printed data, 
include only sheets pertinent to product or component installed.  Mark each sheet to 
identify each product or component incorporated into the Work.  If data include more 
than one item in a tabular format, identify each item using appropriate references from 
the Contract Documents.  Identify data applicable to the Work and delete references to 
information not applicable. 

1. Prepare supplementary text if manufacturers' standard printed data are not 
available and where the information is necessary for proper operation and 
maintenance of equipment or systems. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 

 

                                                           017823 - 9  OPERATION AND MAINTENANCE DATA 

F. Drawings:  Prepare drawings supplementing manufacturers' printed data to illustrate 
the relationship of component parts of equipment and systems and to illustrate control 
sequence and flow diagrams.  Coordinate these drawings with information contained in 
record Drawings to ensure correct illustration of completed installation. 

1. Do not use original project record documents as part of operation and 
maintenance manuals. 

2. Comply with requirements of newly prepared record Drawings in Section 017839 
"Project Record Documents." 

G. Comply with Section 017700 "Closeout Procedures" for schedule for submitting 
operation and maintenance documentation. 

END OF SECTION 017823 
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SECTION 017839 - PROJECT RECORD DOCUMENTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements for project record 
documents, including the following: 

1. Record Drawings. 
2. Record Specifications. 
3. Record Product Data. 
4. Miscellaneous Record Submittals. 

B. Related Requirements: 

1. Section 017700 "Closeout Procedures" for general closeout procedures. 
2. Section 017823 "Operation and Maintenance Data" for operation and 

maintenance manual requirements. 

1.2 CLOSEOUT SUBMITTALS 

A. Record Drawings:  Submit PDF electronic files of scanned record prints and one set of 
prints. 

B. Record Specifications:  Submit annotated PDF electronic files of Project's 
Specifications, including addenda and contract modifications. 

C. Record Product Data:  Submit annotated PDF electronic files and directories of each 
submittal. 

1. Where record Product Data are required as part of operation and maintenance 
manuals, submit duplicate marked-up Product Data as a component of manual. 

D. Miscellaneous Record Submittals:  See other Specification Sections for miscellaneous 
record-keeping requirements and submittals in connection with various construction 
activities.  Submit annotated PDF electronic files and directories of each submittal. 

E. Reports:  Submit written report weekly indicating items incorporated into project record 
documents concurrent with progress of the Work, including revisions, concealed 
conditions, field changes, product selections, and other notations incorporated. 
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PART 2 - PRODUCTS 

2.1 RECORD DRAWINGS 

A. Record (“As- Built”) Prints:  Maintain one set of marked-up paper copies of the Contract 
Drawings and Shop Drawings, incorporating new and revised drawings as 
modifications are issued. 

1. Preparation:  Mark record prints to show the actual installation where installation 
varies from that shown originally.  Require individual or entity who obtained 
record data, whether individual or entity is Installer, subcontractor, or similar 
entity, to provide information for preparation of corresponding marked-up record 
prints. 

a. Give particular attention to information on concealed elements that would 
be difficult to identify or measure and record later. 

b. Accurately record information in an acceptable drawing technique. 
c. Record data as soon as possible after obtaining it. 
d. Record and check the markup before enclosing concealed installations. 
e. Cross-reference record prints to corresponding archive photographic 

documentation. 

2. Content:  Types of items requiring marking include, but are not limited to, the 
following: 

a. Dimensional changes to Drawings. 
b. Revisions to details shown on Drawings. 
c. Depths of foundations below first floor. 
d. Locations and depths of underground utilities. 
e. Revisions to routing of piping and conduits. 
f. Revisions to electrical circuitry. 
g. Actual equipment locations. 
h. Duct size and routing. 
i. Locations of concealed internal utilities. 
j. Changes made by Change Order or Field Order. 
k. Changes made following Architect's written orders. 
l. Details not on the original Contract Drawings. 
m. Field records for variable and concealed conditions. 
n. Record information on the Work that is shown only schematically. 

3. Mark the Contract Drawings and Shop Drawings completely and accurately.  Use 
personnel proficient at recording graphic information in production of marked-up 
record prints. 

4. Mark record sets with erasable, red-colored pencil.  Use other colors to 
distinguish between changes for different categories of the Work at same 
location. 

5. Mark important additional information that was either shown schematically or 
omitted from original Drawings. 

6. Note Construction Change Directive numbers, alternate numbers, Change Order 
numbers, and similar identification, where applicable. 
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7. Format:  Submit PDF electronic files of scanned record prints and one set of 
prints. 
a. Record Prints:  Organize record prints and newly prepared record 

Drawings into manageable sets.  Bind each set with durable paper cover 
sheets.  Include identification on cover sheets.  

b. Record Digital Data Files:  Organize digital data information into separate 
electronic files that correspond to each sheet of the Contract Drawings.  
Name each file with the sheet identification.  Include identification in each 
digital data file. 

c. Identification:  As follows: 
1) Project name. 
2) Date. 
3) Designation "PROJECT RECORD DRAWINGS." 
4) Name of Architect 
5) Name of Contractor. 

B. Record Digital Data Files:  In addition to submitting paper Record Drawings, transfer 
information to electronic CAD drawings in .DXF format and prepare set of digital record 
drawings.  Architect will supply a set of base electronic drawings for Contractor’s use.  
Submit electronic Record Drawings to Owner in same manner as paper Record 
Drawings. 

C. The following certification shall appear on all Record Drawings: “These record 
drawings prepared by  _______for the following work  ______ have been reviewed by 
the undersigned and appear to be an accurate representation of the work incorporated 
within the project and are accepted as submitted in accordance with the technical 
documents. This record document review made by this office is for determination of 
compliance with the requirements of the contract documents.  
Firm Name:                                     Date:                     Reviewer Name:                   _I 

D. If the Owner or Architect determines the Record Drawings are not complete or contain 
inaccurate information, they will return the documents to the Contractor for correction 
and resubmission. 

E. Final payment will not be made to Contractor until complete and accurate Record 
Drawings both on paper and electronic media have been received and accepted by 
Owner. 

2.2 RECORD SPECIFICATIONS 

A. Preparation:  Mark Specifications to indicate the actual product installation where 
installation varies from that indicated in Specifications, addenda, and contract 
modifications. 

1. Give particular attention to information on concealed products and installations 
that cannot be readily identified and recorded later. 

2. Mark copy with the proprietary name and model number of products, materials, 
and equipment furnished, including substitutions and product options selected. 

3. Record the name of manufacturer, supplier, Installer, and other information 
necessary to provide a record of selections made. 
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4. For each principal product, indicate whether record Product Data has been 
submitted in operation and maintenance manuals instead of submitted as record 
Product Data. 

5. Note related Change Orders, record Product Data, and record Drawings where 
applicable. 

B. Format:  Submit record Specifications as scanned PDF electronic file(s) of marked-up 
paper copy of Specifications. 

2.3 RECORD PRODUCT DATA 

A. Preparation:  Mark Product Data to indicate the actual product installation where 
installation varies substantially from that indicated in Product Data submittal. 

1. Give particular attention to information on concealed products and installations 
that cannot be readily identified and recorded later. 

2. Include significant changes in the product delivered to Project site and changes 
in manufacturer's written instructions for installation. 

3. Note related Change Orders, record Specifications, and record Drawings where 
applicable. 

B. Format:  Submit record Product Data as annotated PDF electronic file or scanned PDF 
electronic file(s) of marked-up paper copy of Product Data. 

1. Include record Product Data directory organized by Specification Section number 
and title, electronically linked to each item of record Product Data. 

2.4 MISCELLANEOUS RECORD SUBMITTALS 

A. Assemble miscellaneous records required by other Specification Sections for 
miscellaneous record keeping and submittal in connection with actual performance of 
the Work.  Bind or file miscellaneous records and identify each, ready for continued 
use and reference. 

B. Format:  Submit miscellaneous record submittals as PDF electronic file or scanned 
PDF electronic file(s) of marked-up miscellaneous record submittals. 

1. Include miscellaneous record submittals directory organized by Specification 
Section number and title, electronically linked to each item of miscellaneous 
record submittals. 

PART 3 - EXECUTION 

3.1 RECORDING AND MAINTENANCE 

A. Recording:  Maintain one copy of each submittal during the construction period for 
project record document purposes.  Post changes and revisions to project record 
documents as they occur; do not wait until end of Project. 
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B. Maintenance of Record Documents and Samples:  Store record documents and 
Samples in the field office apart from the Contract Documents used for construction.  
Do not use project record documents for construction purposes.  Maintain record 
documents in good order and in a clean, dry, legible condition, protected from 
deterioration and loss.  Provide access to project record documents for Architect's 
reference during normal working hours. 

END OF SECTION 017839 
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SECTION 017900 - DEMONSTRATION AND TRAINING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements for instructing Owner's 
personnel, including the following: 

1. Demonstration of operation of systems, subsystems, and equipment. 
2. Training in operation and maintenance of systems, subsystems, and equipment. 
3. Demonstration and training video recordings. 

1.2 INFORMATIONAL SUBMITTALS 

A. Instruction Program:  Submit outline of instructional program for demonstration and 
training, including a list of training modules and a schedule of proposed dates, times, 
length of instruction time, and instructors' names for each training module.  Include 
learning objective and outline for each training module. 

1. Indicate proposed training modules using manufacturer-produced demonstration 
and training video recordings for systems, equipment, and products in lieu of 
video recording of live instructional module. 

B. Attendance Record:  For each training module, submit list of participants and length of 
instruction time. 

C. Evaluations:  For each participant and for each training module, submit results and 
documentation of performance-based test. 

1.3 CLOSEOUT SUBMITTALS 

A. Demonstration and Training Video Recordings:  Submit two copies within seven days 
of end of each training module. 

1. Identification:  On each copy, provide an applied label with the following 
information: 

a. Name of Project. 
b. Name and address of videographer. 
c. Name of Architect. 
d. Name of Contractor. 
e. Date of video recording. 

1.4 QUALITY ASSURANCE 

A. Instructor Qualifications:  A factory-authorized service representative, complying with 
requirements in Section 014000 "Quality Requirements," experienced in operation and 
maintenance procedures and training. 
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B. Videographer Qualifications:  A professional videographer who is experienced 
photographing demonstration and training events similar to those required. 

C. Preinstruction Conference:  Conduct conference at Project site to comply with 
requirements in Section 013100 "Project Management and Coordination." Review 
methods and procedures related to demonstration and training including, but not 
limited to, the following: 

1. Inspect and discuss locations and other facilities required for instruction. 
2. Review and finalize instruction schedule and verify availability of educational 

materials, instructors' personnel, audiovisual equipment, and facilities needed to 
avoid delays. 

3. Review required content of instruction. 
4. For instruction that must occur outside, review weather and forecasted weather 

conditions and procedures to follow if conditions are unfavorable. 

1.5 COORDINATION 

A. Coordinate instruction schedule with Owner's operations.  Adjust schedule as required 
to minimize disrupting Owner's operations and to ensure availability of Owner's 
personnel. 

B. Coordinate instructors, including providing notification of dates, times, length of 
instruction time, and course content. 

C. Coordinate content of training modules with content of approved emergency, operation, 
and maintenance manuals.  Do not submit instruction program until operation and 
maintenance data has been reviewed and approved by Architect. 

PART 2 - PRODUCTS 

2.1 INSTRUCTION PROGRAM 

A. Program Structure:  Develop an instruction program that includes individual training 
modules for each system and for equipment not part of a system, as required by 
individual Specification Sections. 

B. Training Modules:  Develop a learning objective and teaching outline for each module.  
Include a description of specific skills and knowledge that participant is expected to 
master.  For each module, include instruction for the following as applicable to the 
system, equipment, or component: 

1. Basis of System Design, Operational Requirements, and Criteria:  Include the 
following: 

a. System, subsystem, and equipment descriptions. 
b. Performance and design criteria if Contractor has delegated design 

responsibility. 
c. Operating standards. 
d. Regulatory requirements. 
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e. Equipment function. 
f. Operating characteristics. 
g. Limiting conditions. 
h. Performance curves. 

2. Documentation:  Review the following items in detail: 

a. Emergency manuals. 
b. Operations manuals. 
c. Maintenance manuals. 
d. Project record documents. 
e. Identification systems. 
f. Warranties and bonds. 
g. Maintenance service agreements and similar continuing commitments. 

3. Emergencies:  Include the following, as applicable: 

a. Instructions on meaning of warnings, trouble indications, and error 
messages. 

b. Instructions on stopping. 
c. Shutdown instructions for each type of emergency. 
d. Operating instructions for conditions outside of normal operating limits. 
e. Sequences for electric or electronic systems. 
f. Special operating instructions and procedures. 

4. Operations:  Include the following, as applicable: 

a. Startup procedures. 
b. Equipment or system break-in procedures. 
c. Routine and normal operating instructions. 
d. Regulation and control procedures. 
e. Control sequences. 
f. Safety procedures. 
g. Instructions on stopping. 
h. Normal shutdown instructions. 
i. Operating procedures for emergencies. 
j. Operating procedures for system, subsystem, or equipment failure. 
k. Seasonal and weekend operating instructions. 
l. Required sequences for electric or electronic systems. 
m. Special operating instructions and procedures. 

5. Adjustments:  Include the following: 

a. Alignments. 
b. Checking adjustments. 
c. Noise and vibration adjustments. 
d. Economy and efficiency adjustments. 

6. Troubleshooting:  Include the following: 
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a. Diagnostic instructions. 
b. Test and inspection procedures. 

7. Maintenance:  Include the following: 

a. Inspection procedures. 
b. Types of cleaning agents to be used and methods of cleaning. 
c. List of cleaning agents and methods of cleaning detrimental to product. 
d. Procedures for routine cleaning 
e. Procedures for preventive maintenance. 
f. Procedures for routine maintenance. 
g. Instruction on use of special tools. 

8. Repairs:  Include the following: 

a. Diagnosis instructions. 
b. Repair instructions. 
c. Disassembly; component removal, repair, and replacement; and 

reassembly instructions. 
d. Instructions for identifying parts and components. 
e. Review of spare parts needed for operation and maintenance. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Assemble educational materials necessary for instruction, including documentation and 
training module.  Assemble training modules into a training manual organized in 
coordination with requirements in Section 017823 "Operation and Maintenance Data." 

B. Set up instructional equipment at instruction location. 

3.2 INSTRUCTION 

A. Engage qualified instructors to instruct Owner's personnel to adjust, operate, and 
maintain systems, subsystems, and equipment not part of a system. 

1. Owner will furnish Contractor with names and positions of participants. 

B. Scheduling:  Provide instruction at mutually agreed on times.  For equipment that 
requires seasonal operation, provide similar instruction at start of each season. 

1. Schedule training with Owner, through Architect, with at least seven days' 
advance notice. 

C. Training Location and Reference Material:  Conduct training on-site in the completed 
and fully operational facility using the actual equipment in-place.  Conduct training 
using final operation and maintenance data submittals. 
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D. Provide operating and maintenance instruction to Owner's personnel for systems and 
components as indicated in individual Specification Sections. Provide instruction 
periods, comprised of approximately 50 percent classroom instruction and 50 percent 
"hands-on" instruction. 

3.3 DEMONSTRATION AND TRAINING VIDEO RECORDINGS 

A. General:  Engage a qualified videographer to record demonstration and training video 
recordings.  Record each training module separately.  Include classroom instructions 
and demonstrations, board diagrams, and other visual aids.  

B. Video:  Provide minimum 640 x 480 video resolution converted to .mp4 format file type, 
on electronic media. 

1. Electronic Media:  CD ROM or thumb drive, with computer made label. 
2. File Hierarchy:  Organize folder structure and file locations according to project 

manual table of contents.  Provide complete screen-based menu. 
3. File Names:  Utilize file names based upon name of equipment generally 

described in video segment, as identified in Project specifications. 
4. Contractor and Installer Contact File:  Using appropriate software, create a file for 

inclusion on the Equipment Demonstration and Training DVD that describes the 
following for each Contractor involved on the Project, arranged according to 
Project table of contents: 

a. Name of Contractor/Installer. 
b. Business address. 
c. Business phone number. 
d. Point of contact. 
e. E-mail address. 

C. Recording:  Mount camera on tripod before starting recording, unless otherwise 
necessary to adequately cover area of demonstration and training.  Display continuous 
running time. 

1. Film training session(s) in segments not to exceed 15 minutes. 
2. Produce segments to present a single significant piece of equipment per 

segment. 
3. Organize segments with multiple pieces of equipment to follow order of Project 

Manual table of contents. 
4. Where a training session on a particular piece of equipment exceeds 15 minutes, 

stop filming and pause training session.  Begin training session again upon 
commencement of new filming segment. 

D. Light Levels:  Verify light levels are adequate to properly light equipment.  Verify 
equipment markings are clearly visible prior to recording. Furnish additional portable 
lighting as required. 

E. Preproduced Video Recordings:  Provide video recordings used as a component of 
training modules in same format as recordings of live training. 
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END OF SECTION 017900 



2 November 2022 Chester Union Free School District
Construction Documents STEM Lab Alterations
SED #44-02-01-02-0-009-006 Chester Academy

SECTION 024119 - SELECTIVE STRUCTURE DEMOLITION

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following:

1. Demolition and removal of selected portions of a building or structure.
2. Salvage of selected building components and elements.
3. Repair procedures for selective demolition operations.

B. Related Sections include the following:

1. Division 01 General Requirements for temporary construction and
environmental-protection measures for selective demolition operations.

2. Division 01 General Requirements for cutting and patching procedures for selective
demolition operations.

1.2 DEFINITIONS

A. Remove:  Detach items from existing construction and legally dispose of them off-site,
unless indicated to be removed and salvaged or removed and reinstalled.

B. Remove and Salvage:  Detach items from existing construction and deliver them to Owner
ready for reuse.

C. Remove and Reinstall:  Detach items from existing construction, prepare them for reuse,
and reinstall them where indicated.

D. Existing to Remain:  Existing items of construction that are not to be removed and that are
not otherwise indicated to be removed, removed and salvaged, or removed and
reinstalled.

1.3 MATERIALS OWNERSHIP

A. Except for items or materials indicated to be reused, salvaged, reinstalled, or otherwise
indicated to remain Owner's property, demolished materials shall become Contractor's
property and shall be removed from Project site.

1.4 SUBMITTALS

A. Qualification Data:  For firms and persons specified in "Quality Assurance" Article to
demonstrate their capabilities and experience.  Include lists of completed projects with
project names and addresses, names and addresses of architects and owners, and other
information specified.
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B. Proposed Dust-Control,  Noise-Control and Other Special Measures:  Submit statement
or drawing that indicates the measures proposed for use, proposed locations, and
proposed time frame for their operation.  Identify options if proposed measures are later
determined to be inadequate.

C. Schedule of Selective Demolition Activities:  Indicate the following:

1. Detailed sequence of selective demolition and removal work, with starting and
ending dates for each activity.  Ensure Owner's on-site operations are
uninterrupted.

2. Interruption of utility services.
3. Coordination for shutoff, capping, and continuation of utility services.

D. Inventory:  After selective demolition is complete, submit a list of items that have been
removed and salvaged.

E. Predemolition Photographs or Videotape:  Show existing conditions of adjoining
construction and site improvements, including finish surfaces, that might be misconstrued
as damage caused by selective demolition operations.  Submit before Work begins.

1.5 QUALITY ASSURANCE

A. Demolition Firm Qualifications:  An experienced firm that has specialized in demolition
work similar in material and extent to that indicated for this Project.

B. Professional Engineer Qualifications:  Comply with Division 01 General Requirements.

C. Regulatory Requirements:  Comply with governing EPA notification regulations before
beginning selective demolition.  Comply with hauling and disposal regulations of
authorities having jurisdiction.

D. Standards:  Comply with ANSI A10.6 and NFPA 241.

E. Predemolition Conference:  Conduct conference at Project site to comply with
requirements in Division 01 General Requirements.

1.6 PROJECT CONDITIONS

A. Owner will occupy portions of site and buildings immediately adjacent to selective
demolition area.  Conduct selective demolition so Owner's operations will not be disrupted. 
Provide not less than 2 weeks' notice to Owner of activities that will affect Owner's
operations.

B. Owner may elect to salvage certain items from areas of construction other than those
indicated on Drawings as “salvage” prior to selective demolition operations. Give 2 weeks
notice to Owner prior to commencing any selective demolition  processes to allow for
Owner salvage operations.
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C. Maintain access to existing walkways, roadways, and other adjacent occupied or used
facilities.

1. Do not close or obstruct walkways, roadways, or other occupied or used facilities
without written permission from authorities having jurisdiction.

D. Owner assumes no responsibility for condition of areas to be selectively demolished.

1. Conditions existing at time of inspection for bidding purpose will be maintained by
Owner as far as practical.

E. Hazardous Materials: Hazardous materials are not expected to be present in the area of
the Work.  If materials suspected of containing hazardous materials are encountered, do
not disturb; immediately notify Architect and Owner. 

F. Storage or sale of removed items or materials on-site will not be permitted.

G. Utility Service:  Maintain existing utilities indicated to remain in service and protect them
against damage during selective demolition operations.

PART 2 - PRODUCTS

2.1 REPAIR MATERIALS

A. Use repair materials identical to existing materials.

1. If identical materials are unavailable or cannot be used for exposed surfaces, use
materials that visually match existing adjacent surfaces to the fullest extent possible.

2. Use materials whose installed performance equals or surpasses that of existing
materials.

B. Comply with material and installation requirements specified in individual Specification
Sections.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify that utilities have been disconnected and capped.

B. Survey existing conditions and correlate with requirements indicated to determine extent
of selective demolition required.

C. Inventory and record the condition of items to be removed and reinstalled and items to be
removed and salvaged.
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D. When unanticipated mechanical, electrical, or structural elements that conflict with
intended function or design are encountered, investigate and measure the nature and
extent of conflict.  Promptly submit a written report to Architect.

E. Perform surveys as the Work progresses to detect hazards resulting from selective
demolition activities.

3.2 UTILITY SERVICES

A. Existing Utilities:  Maintain services indicated to remain and protect them against damage
during selective demolition operations.

B. Do not interrupt existing utilities serving occupied or operating facilities unless authorized
in writing by Owner and authorities having jurisdiction.  Provide temporary services during
interruptions to existing utilities, as acceptable to Owner and to authorities having
jurisdiction.

1. Provide at least 2 weeks' notice to Owner if shutdown of service is required during
changeover.

C. Utility Requirements:  Locate, identify, disconnect, and seal or cap off indicated utilities
serving areas to be selectively demolished.

1. Arrange to shut off indicated utilities with utility companies.
2. If utility services are required to be removed, relocated, or abandoned, before

proceeding with selective demolition provide temporary utilities that bypass area of
selective demolition and that maintain continuity of service to other parts of building.

3. Cut off pipe or conduit in walls or partitions to be removed.  Cap, valve, or plug and
seal remaining portion of pipe or conduit after bypassing.

4. Do not start selective demolition work until utility disconnecting and sealing have
been completed and verified in writing.

3.3 PREPARATION

A. Dangerous Materials:  Drain, purge, or otherwise remove, collect, and dispose of
chemicals, gases, explosives, acids, flammables, or other dangerous materials before
proceeding with selective demolition operations.

B. Site Access and Temporary Controls:  Conduct selective demolition and debris-removal
operations to ensure minimum interference with roads, streets, walks, walkways, and
other adjacent occupied and used facilities.

1. Do not close or obstruct streets, walks, walkways, or other adjacent occupied or
used facilities without permission from Owner and authorities having jurisdiction. 
Provide alternate routes around closed or obstructed traffic ways if required by
governing regulations.
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C. Temporary Facilities:  Provide temporary barricades and other protection required to
prevent injury to people and damage to adjacent site improvements, structures and
facilities to remain.

1. Provide protection to ensure safe passage of people around selective demolition
area and to and from occupied portions of building.

2. Protect walls, ceilings, floors, and other existing finish work that are to remain or
that are exposed during selective demolition operations.

3. Cover and protect furniture, furnishings, and equipment that have not been
removed.

4. Provide special protection measures as required by Owner.

D. Temporary Partitions:  Erect and maintain dustproof partitions and temporary enclosures
to limit dust and dirt migration and to separate areas from fumes and noise.

E. Temporary Shoring:  Provide and maintain interior and exterior shoring, bracing, or
structural support to preserve stability and prevent movement, settlement, or collapse of
construction to remain, and to prevent unexpected or uncontrolled movement or collapse
of construction being demolished.

1. Strengthen or add new supports when required during progress of selective
demolition.

3.4 POLLUTION CONTROLS

A. Disposal:  Remove and transport debris in a manner that will prevent spillage on adjacent
surfaces and areas.

B. Cleaning:  Clean adjacent structures and improvements of dust, dirt, and debris caused
by selective demolition operations.  Return adjacent areas to condition existing before
selective demolition operations began.

3.5 SELECTIVE DEMOLITION

A. General:  Demolish and remove existing construction only to the extent required by new
construction and as indicated.  Use methods required to complete the Work within
limitations of governing regulations and as follows:

1. Proceed with selective demolition systematically, from higher to lower level. 
Complete selective demolition operations above each floor or tier before disturbing
supporting members on the next lower level.

2. Neatly cut openings and holes plumb, square, and true to dimensions required. 
Use cutting methods least likely to damage construction to remain or adjoining
construction.  Use hand tools or small power tools designed for sawing or grinding,
not hammering and chopping, to minimize disturbance of adjacent surfaces. 
Temporarily cover openings to remain.

3. Cut or drill from the exposed or finished side into concealed surfaces to avoid
marring existing finished surfaces.
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4. Do not use cutting torches until work area is cleared of flammable materials.  At
concealed spaces, such as duct and pipe interiors, verify condition and contents of
hidden space before starting flame-cutting operations.  Maintain portable
fire-suppression devices during flame-cutting operations.

5. Maintain adequate ventilation when using cutting torches.
6. Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials

and promptly dispose of off-site.
7. Remove structural framing members and lower to ground by method suitable to

avoid free fall and to prevent ground impact or dust generation.
8. Locate selective demolition equipment and remove debris and materials so as not

to impose excessive loads on supporting walls, floors, or framing.
9. Dispose of demolished items and materials promptly.
10. Return elements of construction and surfaces that are to remain to condition

existing before selective demolition operations began.

B. Removed and Salvaged Items:  Comply with the following:

1. Clean salvaged items.
2. Pack or crate items after cleaning.  Identify contents of containers.
3. Store items in a secure area until delivery to Owner.
4. Transport items to Owner's storage area designated by Owner.
5. Protect items from damage during transport and storage.

C. Removed and Reinstalled Items:  Comply with the following:

1. Clean and repair items to functional condition adequate for intended reuse.  Paint
equipment to match new equipment.

2. Pack or crate items after cleaning and repairing.  Identify contents of containers.
3. Protect items from damage during transport and storage.
4. Reinstall items in locations indicated.  Comply with installation requirements for new

materials and equipment.  Provide connections, supports, and miscellaneous
materials necessary to make item functional for use indicated.

D. Salvage items indicated on the Drawings as “salvage”.

E. Existing Facilities:  Comply with Owner’s requirements for using and protecting elevators,
stairs, walkways, building entries, and other building facilities during selective demolition
operations.

F. Existing Items to Remain:  Protect construction indicated to remain against damage and
soiling during selective demolition.  When permitted by Architect, items may be removed
to a suitable, protected storage location during selective demolition and cleaned and
reinstalled in their original locations after selective demolition operations are complete.

G. Concrete:  Demolish in small sections.  Cut concrete to a depth of at least 3/4 inch (19
mm) at junctures with construction to remain, using power-driven saw.  Dislodge concrete
from reinforcement at perimeter of areas being demolished, cut reinforcement, and then
remove remainder of concrete indicated for selective demolition.  Neatly trim openings to
dimensions indicated.
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H. Masonry:  Demolish in small sections.  Cut masonry at junctures with construction to
remain, using power-driven saw, then remove masonry between saw cuts.

I. Air-Conditioning Equipment:  Remove equipment without releasing refrigerants.

3.6 PATCHING AND REPAIRS

A. General:  Promptly repair damage to adjacent construction caused by selective demolition
operations.

B. Patching:  Comply with Division 01 Section "Cutting and Patching."

C. Repairs:  Where repairs to existing surfaces are required, patch to produce surfaces
suitable for new materials.

D. Finishes:  Restore exposed finishes of patched areas and extend restoration into adjoining
construction in a manner that eliminates evidence of patching and refinishing.

E. Floors and Walls:  Where walls or partitions that are demolished extend one finished area
into another, patch and repair floor and wall surfaces in the new space.  Provide an even
surface of uniform finish color, texture, and appearance.  Remove existing floor and wall
coverings and replace with new materials, if necessary, to achieve uniform color and
appearance.

1. Patch with durable seams that are as invisible as possible.  Provide materials and
comply with installation requirements specified in other Sections of these
Specifications.

2. Where patching occurs in a painted surface, apply primer and intermediate paint
coats over patch and apply final paint coat over entire unbroken surface containing
patch.  Provide additional coats until patch blends with adjacent surfaces.

3. Where feasible, test and inspect patched areas after completion to demonstrate
integrity of installation.

F. Ceilings:  Patch, repair, or rehang existing ceilings as necessary to provide an even-plane
surface of uniform appearance.

3.7 DISPOSAL OF DEMOLISHED MATERIALS

A. General:  Promptly dispose of demolished materials.  Do not allow demolished materials
to accumulate on-site.

B. Burning:  Do not burn demolished materials.

C. Disposal:  Transport demolished materials off Owner's property and legally dispose of
them.

END OF SECTION 024119

024119 - 7 SELECTIVE STRUCTURE DEMOLITION





2 November 2022 Chester Union Free School District
Construction Documents STEM Lab Alterations
SED #44-02-01-02-0-009-006 Chester Academy

SECTION 035416 - HYDRAULIC CEMENT UNDERLAYMENT

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes hydraulic-cement-based underlayment  for use below interior floor
coverings.

1.2 SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Shop Drawings:  Plans indicating substrates, locations, and average depths of
underlayment based on survey of substrate conditions.

C. Manufacturer Certificates:  Signed by manufacturers of both underlayment and floor
covering system certifying that products are compatible.

D. Qualification Data:  For Installer.

1.3 QUALITY ASSURANCE

A. Installer Qualifications:  Installer who is approved by manufacturer for application of
underlayment products required for this Project.

B. Product Compatibility:  Manufacturers of both underlayment and floor covering system
certify in writing that products are compatible.

C. Mockups:  Apply hydraulic-cement-based underlayment mockups to demonstrate surface
finish, bonding, texture, tolerances, and standard of workmanship.

1. Apply mockups approximately 100 sq. ft. (9 sq. m) in area in location indicated or,
if not indicated, as directed by Architect.

2. Approved mockups may become part of the completed Work if undisturbed at time
of Substantial Completion.

D. Preinstallation Conference:  Conduct conference at Project site to comply with
requirements in Division 00.

1.4 DELIVERY, STORAGE, AND HANDLING

A. Store materials to comply with manufacturer's written instructions to prevent deterioration
from moisture or other detrimental effects.

1.5 PROJECT CONDITIONS
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A. Environmental Limitations:  Comply with manufacturer's written instructions for substrate
temperature, ambient temperature and humidity, ventilation, and other conditions affecting
underlayment performance.

1. Place hydraulic-cement-based underlayments only when ambient temperature and
temperature of substrates are between 50 and 80 deg F (10 and 27 deg C).

1.6 COORDINATION

A. Coordinate application of underlayment with requirements of floor covering products,
including adhesives, specified in Division 09 Sections, to ensure compatibility of products.

PART 2 - PRODUCTS 

2.1 MANUFACTURERS

A. Products:  Subject to compliance with requirements, provide one of the following:

1. Ardex, Inc.; K-15 Self-Leveling Underlayment Concrete.
2. Dayton Superior Specialty Chemical Corp.; Level Layer I
3. Mapei Corporation; Ultraplan I Plus

2.2 HYDRAULIC-CEMENT-BASED UNDERLAYMENTS

A. Underlayment:  Hydraulic-cement-based, polymer-modified, self-leveling product that can
be applied in minimum uniform thicknesses of 1/8 inch (3 mm) and that can be feathered
at edges to match adjacent floor elevations. Product shall also be capable of being
poured/pumped monolithically (rather than room-by-room).

1. Cement Binder:  ASTM C 150, portland cement, or hydraulic or blended hydraulic
cement as defined by ASTM C 219.

2. Compressive Strength:  Not less than 4100 psi (28 MPa) at 28 days when tested
according to ASTM C 109/C 109M.

3. Aggregate:  Well-graded, washed gravel, 1/8 to 1/4 inch (3 to 6 mm); or coarse
sand as recommended by underlayment manufacturer.
a. Provide aggregate when recommended in writing by underlayment

manufacturer for underlayment thickness required

4. Water:  Potable and at a temperature of not more than 70 deg F (21 deg C).

B. Primer:  Product of underlayment manufacturer recommended in writing for substrate,
conditions, and application indicated.

PART 3 - EXECUTION

3.1 EXAMINATION
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A. Examine substrates, with Installer present, for conditions affecting performance.

1. Proceed with application only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. General:  Prepare and clean substrate according to manufacturer's written instructions.

1. Treat nonmoving substrate cracks according to manufacturer's written instructions
to prevent cracks from telegraphing (reflecting) through underlayment.

2. Fill substrate voids to prevent underlayment from leaking.

B. Concrete Substrates:  Mechanically remove, according to manufacturer's written
instructions, laitance, glaze, efflorescence, curing compounds, form-release agents, dust,
dirt, grease, oil, and other contaminants that might impair underlayment bond. Perform
moisture tests recommended by manufacturer and as follows. 

1. Moisture Testing:  Perform anhydrous calcium chloride test, ASTM F 1869. 
Proceed with installation only after substrates do not exceed a maximum
moisture-vapor-emission rate of 3 lb of water/1000 sq. ft. (1.36 kg of water/100
sq. m) in 24 hours.

2. Perform relative humidity test using in situ probes, ASTM F 2170.  Proceed with
installation only after substrates have relative humidity level measurement
acceptable to manufacturer.

C. Nonporous Substrates:  For ceramic tile, quarry tile, and terrazzo substrates, remove
waxes, sealants, and other contaminants that might impair underlayment bond, and
prepare surfaces according to manufacturer's written instructions.

D. Adhesion Tests:  After substrate preparation, test substrate for adhesion with
underlayment according to manufacturer's written instructions.

3.3 APPLICATION

A. General:  Mix and apply underlayment components according to manufacturer's written
instructions.

1. Close areas to traffic during underlayment application and for time period after
application recommended in writing by manufacturer.

2. Coordinate application of components to provide optimum
underlayment-to-substrate and intercoat adhesion.

3. At substrate expansion, isolation, and other moving joints, allow joint of same width
to continue through underlayment.

4. Install perimeter isolation strip along the base of partitions prior to installation of
topping. Cut isolation strip flush with finished floor. 

5. Apply primer over prepared substrate at manufacturer's recommended spreading
rate.

B. Apply underlayment to produce uniform, level surface.
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1. Apply a final layer without aggregate to produce surface.
2. Feather edges to match adjacent floor elevations.

C. Cure underlayment according to manufacturer's written instructions.  Prevent
contamination during application and curing processes.

D. Do not install floor coverings over underlayment until after time period recommended in
writing by underlayment manufacturer.

E. Remove and replace underlayment areas that evidence lack of bond with substrate,
including areas that emit a "hollow" sound when tapped.

3.4 PROTECTION

A. Protect underlayment from concentrated and rolling loads for remainder of construction
period.

END OF SECTION 035416
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SECTION 054000 – COLD-FORMED METAL FRAMING  
 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following: 

1. Interior load bearing steel stud framing at learning stair. 
2. Interior load bearing steel floor joist framing at learning stair. 

B. Related Sections include the following: 

1. Division 05 Section "Metal Fabrications" for miscellaneous steel framing. 

1.2 PERFORMANCE REQUIREMENTS 

A. Structural Performance:  Provide cold-formed metal framing capable of withstanding 
design loads within limits and under conditions indicated. 

1. Design Loads:  As indicated in structural notes on the Drawings. 
2. Deflection Limits:  Design framing systems to withstand design loads without 

deflections greater than the following: 
a. Load Bearing Studs:  Horizontal deflection of 1/120 of the horizontally 

projected span. 
b. Floor Joists: L/360 for live load and L/240 for total load 

 
3. Design framing systems to provide for movement of framing members without 

damage or overstressing, sheathing failure, connection failure, undue strain on 
fasteners and anchors, or other detrimental effects when subject to a maximum 
ambient temperature change of 120 deg F (67 deg C). 

B. Cold-Formed Steel Framing, General:  Design according to AISI's "Standard for Cold-
Formed Steel Framing - General Provisions." 

C. Cold-Formed Steel Framing Design Standards: 

 
1. Wall Studs: AISI S211. 
2. Headers: AISI S212. 
3. Lateral Design: AISI S213. 

D. AISI Specifications and Standards: Unless more stringent requirements are indicated, 
comply with AISI S100 and AISI S200. 

1.3 SUBMITTALS 

A. Product Data:  For each type of cold-formed metal framing product and accessory 
indicated. 
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B. Shop Drawings:  Show layout, spacings, sizes, thicknesses, and types of cold-formed 
metal framing; fabrication; and fastening and anchorage details, including mechanical 
fasteners.  Show reinforcing channels, opening framing, supplemental framing, 
strapping, bracing, bridging, splices, accessories, connection details, and attachment 
to adjoining work. 

1. For cold-formed metal framing indicated to comply with design loads, include 
structural analysis data signed and sealed by the professional engineer licensed 
in the State of New York, who is responsible for their preparation. 

C. Welding certificates. 

D. Qualification Data:  For professional engineer. 

E. Product Test Reports:  From a qualified testing agency, unless otherwise stated, 
indicating that each of the following complies with requirements, based on evaluation of 
comprehensive tests for current products: 

1. Steel sheet. 
2. Expansion anchors. 
3. Power-actuated anchors. 
4. Mechanical fasteners. 
5. Vertical deflection clips. 
6. Horizontal drift deflection clips 
7. Miscellaneous structural clips and accessories. 

F. Research/Evaluation Reports:  For cold-formed metal framing. 

1.4 QUALITY ASSURANCE 

A. Engineering Responsibility:  Preparation of Shop Drawings, design calculations, and 
other structural data by a qualified professional engineer. 

B. Professional Engineer Qualifications:  A professional engineer who is licensed in the 
State of New York and who is experienced in providing engineering services of the kind 
indicated.  Engineering services are defined as those performed for installations of 
cold-formed metal framing that are similar to those indicated for this Project in material, 
design, and extent. 

C. Product Tests:  Mill certificates or data from a qualified independent testing agency 
indicating steel sheet complies with requirements, including base-metal thickness, yield 
strength, tensile strength, total elongation, chemical requirements, and metallic-coating 
thickness. 

D. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural 
Welding Code--Steel," and AWS D1.3, "Structural Welding Code--Sheet Steel." 

E. Fire-Test-Response Characteristics:  Where indicated, provide cold-formed metal 
framing identical to that of assemblies tested for fire resistance per ASTM E 119 by a 
testing and inspecting agency acceptable to authorities having jurisdiction. 
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F. AISI Specifications and Standards:  Comply with AISI's "North American Specification 
for the Design of Cold-Formed Steel Structural Members" and its "Standard for Cold-
Formed Steel Framing - General Provisions." 

1. Comply with AISI's "Standard for Cold-Formed Steel Framing - Truss Design."  

G. Preinstallation Conference:  Conduct conference at Project site.  

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Protect cold-formed metal framing from corrosion, deformation, and other damage 
during delivery, storage, and handling. 

B. Store cold-formed metal framing, protect with a waterproof covering, and ventilate to 
avoid condensation. 

 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering cold-formed metal framing that may be incorporated into the Work include, but 
are not limited to, the following: 

1. ClarkDietrich Building Systems. 
2. MarinoWare; a division of Ware Industries. 
3. Super Stud Building Products, Inc. 

2.2 MATERIALS 

A. Steel Sheet:  ASTM A 1003/A 1003M, Structural Grade, Type H, metallic coated, of 
grade and coating weight as follows: 

1. Grade:  ST33H (ST230H) and ST50H (ST340H) as required by structural 
performance. 

2. Coating:  G60 (Z180). 

2.3 INTERIOR LOAD BEARING WALL FRAMING 

A. Built-up Members:  Built-up members of manufacturer's standard C-shaped steel 
section, with stiffened flanges, nested into a U-shaped steel section joist track, with 
unstiffened flanges; unpunched; of web depths indicated; and as follows: 

1. Minimum Base-Metal Thickness: 16 gauge minimum, unless otherwise indicated 
Drawings. 

2. Flange Width:  1-5/8 inches (41 mm), minimum.  

2.4 FLOOR JOIST FRAMING 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 

                                                        054000 - 4  COLD-FORMED METAL FRAMING 

A. Steel Floor Joists: Manufacturer's standard C-shaped steel sections, of web depths 
indicated, unpunched, with stiffened flanges, and as follows: 

1. Minimum Base-Metal Thickness: 0.0538 inch (1.37 mm) minimum, unless 
otherwise indicated Drawings. 

2. Flange Width:  1-5/8 inches (41 mm), minimum 

2.5 FRAMING ACCESSORIES 

A. Fabricate steel-framing accessories from steel sheet, ASTM A 1003/A 1003M, 
Structural Grade, Type H, metallic coated, of same grade and coating weight used for 
framing members. 

B. Provide accessories of manufacturer's standard thickness and configuration, unless 
otherwise indicated, as follows: 

1. Supplementary framing. 
2. Bracing, bridging, and solid blocking. 
3. Web stiffeners. 
4. Anchor clips. 
5. End clips. 
6. Gusset plates. 
7. Hole reinforcing plates. 
8. Backer plates. 

2.6 ANCHORS, CLIPS, AND FASTENERS 

A. Steel Shapes and Clips:  ASTM A 36/A 36M, zinc coated by hot-dip process according 
to ASTM A 123/A 123M. 

B. Anchor Bolts:  ASTM F 1554, Grade 36, threaded carbon-steel hex-headed bolts 
headless, hooked bolts headless bolts, with encased end threaded, and carbon-steel 
nuts; and flat, hardened-steel washers; zinc coated by hot-dip process according to 
ASTM A 153/A 153M, Class C mechanically deposition according to ASTM B 695, 
Class 50. 

C. Expansion Anchors:  Fabricated from corrosion-resistant materials, with capability to 
sustain, without failure, a load equal to 5 times design load, as determined by testing 
per ASTM E 488 conducted by a qualified independent testing agency. 

D. Power-Actuated Anchors:  Fastener system of type suitable for application indicated, 
fabricated from corrosion-resistant materials, with capability to sustain, without failure, 
a load equal to 10 times design load, as determined by testing per ASTM E 1190 
conducted by a qualified independent testing agency. 

E. Mechanical Fasteners:  ASTM C 1513, corrosion-resistant-coated, self-drilling, self-
tapping steel drill screws. 

1. Head Type:  Low-profile head beneath sheathing, manufacturer's standard 
elsewhere. 
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F. Welding Electrodes:  Comply with AWS standards. 

2.7 MISCELLANEOUS MATERIALS 

A. Galvanizing Repair Paint: SSPC-Paint 20 or DOD-P-21035 

B. Cement Grout:  Portland cement, ASTM C 150, Type I; and clean, natural sand, 
ASTM C 404.  Mix at ratio of 1 part cement to 2-1/2 parts sand, by volume, with 
minimum water required for placement and hydration. 

C. Nonmetallic, Nonshrink Grout:  Premixed, nonmetallic, noncorrosive, nonstaining grout 
containing selected silica sands, portland cement, shrinkage-compensating agents, 
and plasticizing and water-reducing agents, complying with ASTM C 1107, with fluid 
consistency and 30-minute working time. 

D. Shims:  Load bearing, high-density multimonomer plastic, nonleaching. 

E. Sealer Gaskets:  Closed-cell neoprene foam, 1/4 inch (6.4 mm) thick, selected from 
manufacturer's standard widths to match width of bottom track or rim track members. 

2.8 FABRICATION 

A. Fabricate cold-formed metal framing and accessories plumb, square, and true to line, 
and with connections securely fastened, according to referenced AISI's specifications 
and standards, manufacturer's written instructions, and requirements in this Section. 

1. Fabricate framing assemblies using jigs or templates. 
2. Cut framing members by sawing or shearing; do not torch cut. 
3. Fasten cold-formed metal framing members by welding, screw fastening, clinch 

fastening, or riveting as standard with fabricator.  Wire tying of framing members 
is not permitted. 
a. Comply with AWS D1.3 requirements and procedures for welding, 

appearance and quality of welds, and methods used in correcting welding 
work. 

b. Locate mechanical fasteners and install according to Shop Drawings, with 
screw penetrating joined members by not less than three exposed screw 
threads. 

4. Fasten other materials to cold-formed metal framing by welding, bolting, or screw 
fastening, according to Shop Drawings. 

B. Reinforce, stiffen, and brace framing assemblies to withstand handling, delivery, and 
erection stresses.  Lift fabricated assemblies to prevent damage or permanent 
distortion. 

C. Fabrication Tolerances:  Fabricate assemblies level, plumb, and true to line to a 
maximum allowable tolerance variation of 1/8 inch in 10 feet (1:960) and as follows: 
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1. Spacing:  Space individual framing members no more than plus or minus 1/8 inch 
(3 mm) from plan location.  Cumulative error shall not exceed minimum fastening 
requirements of sheathing or other finishing materials. 

2. Squareness:  Fabricate each cold-formed metal framing assembly to a maximum 
out-of-square tolerance of 1/8 inch (3 mm). 

 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine supporting substrates and abutting structural framing for compliance with 
requirements for installation tolerances and other conditions affecting performance. 

1. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.2 PREPARATION 

A. Before sprayed fire-resistive materials are applied, attach continuous angles, 
supplementary framing, or tracks to structural members indicated to receive sprayed 
fire-resistive materials. 

B. After applying sprayed fire-resistive materials, remove only as much of these materials 
as needed to complete installation of cold-formed framing without reducing thickness of 
fire-resistive materials below that are required to obtain fire-resistance rating indicated.  
Protect remaining fire-resistive materials from damage. 

C. Install load bearing shims or grout between the underside of wall bottom track or rim 
track and the top of foundation wall or slab at stud or joist locations to ensure a uniform 
bearing surface on supporting concrete or masonry construction. 

3.3 INSTALLATION, GENERAL 

A. Cold-formed metal framing may be shop or field fabricated for installation, or it may be 
field assembled. 

B. Install cold-formed metal framing according to AISI's "Standard for Cold-Formed Steel 
Framing - General Provisions" and to manufacturer's written instructions unless more 
stringent requirements are indicated. 

C. Install shop- or field-fabricated, cold-formed framing and securely anchor to supporting 
structure. 
1. Screw, bolt, or weld wall panels at horizontal and vertical junctures to produce 

flush, even, true-to-line joints with maximum variation in plane and true position 
between fabricated panels not exceeding 1/16 inch (1.6 mm). 

D. Install cold-formed metal framing and accessories plumb, square, and true to line, and 
with connections securely fastened. 
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1. Cut framing members by sawing or shearing; do not torch cut. 
2. Fasten cold-formed metal framing members by welding, screw fastening, clinch 

fastening, or riveting.  Wire tying of framing members is not permitted. 
a. Comply with AWS D1.3 requirements and procedures for welding, 

appearance and quality of welds, and methods used in correcting welding 
work. 

b. Locate mechanical fasteners and install according to Shop Drawings, and 
complying with requirements for spacing, edge distances, and screw 
penetration. 

E. Install framing members in one-piece lengths unless splice connections are indicated 
for track or tension members. 

F. Install temporary bracing and supports to secure framing and support loads 
comparable in intensity to those for which structure was designed.  Maintain braces 
and supports in place, undisturbed, until entire integrated supporting structure has 
been completed and permanent connections to framing are secured. 

G. Do not bridge building expansion and control joints with cold-formed metal framing.  
Independently frame both sides of joints. 

H. Fasten hole reinforcing plate over web penetrations that exceed size of manufacturer's 
standard punched openings. 

I. Erection Tolerances:  Install cold-formed metal framing level, plumb, and true to line to 
a maximum allowable tolerance variation of 1/8 inch in 10 feet (1:960) and as follows: 

1. Space individual framing members no more than plus or minus 1/8 inch (3 mm) 
from plan location.  Cumulative error shall not exceed minimum fastening 
requirements of sheathing or other finishing materials. 

3.4 INTERIOR LOAD-BEARING WALL INSTALLATION 

A. Install continuous tracks sized to match studs.  Align tracks accurately and securely 
anchor to supporting structure as indicated. 

B. Fasten both flanges of studs to top and bottom track, unless otherwise indicated. 

C. Space studs as indicated on Shop Drawings. 

D. Set studs plumb, except as needed for diagonal bracing or required for nonplumb walls 
or warped surfaces and similar requirements. 

E. Isolate non-load-bearing steel framing from building structure as required on Drawings 
to prevent transfer of vertical loads while providing lateral support. 

1. Install single-leg deflection tracks and anchor to building structure. 
2. Install double deep-leg deflection tracks and anchor outer track to building 

structure. 
3. Connect vertical deflection clips to studs and anchor to building structure. 
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4. Connect drift clips to cold formed metal framing and anchor to building structure. 

F. Install horizontal bridging in wall studs, spaced in rows indicated on Shop Drawings but 
not more than 48 inches (1220 mm) apart.  Fasten at each stud intersection. 

1. Install additional row of horizontal bridging in curtain wall stud beneath deflection 
track when curtain wall studs are not fastened to an additional top track. 

2. Bridging:  Cold-rolled steel channel, welded or mechanically fastened to webs of 
punched studs. 

G. Install miscellaneous framing and connections, including stud kickers, web stiffeners, 
clip angles, continuous angles, anchors, fasteners, and stud girts, to provide a 
complete and stable wall-framing system. 

3.5 INSTALLATION OF JOIST FRAMING 

A. Install perimeter joist track sized to match joists. Align and securely anchor or fasten 
track to supporting structure at corners, ends, and spacings indicated on Shop 
Drawings. 

B. Install joists bearing on supporting frame, level, straight, and plumb; adjust to final 
position, brace, and reinforce. Fasten joists to both flanges of joist track. 

C. Install bridging at intervals indicated on Shop Drawings. 

D. Install miscellaneous joist framing and connections, including web stiffeners, closure 
pieces, clip angles, continuous angles, hold-down angles, anchors, and fasteners, to 
provide a complete and stable joist-framing assembly. 

3.6 FIELD QUALITY CONTROL 

A. Testing:  Owner will engage a qualified independent testing and inspecting agency to 
perform field tests and inspections and prepare test reports. 

B. Field and shop welds and screw connections will be subject to testing and inspecting. 

C. Testing agency will report test results within 24 hours and in writing to Contractor and 
Architect. 

D. Remove and replace work where test results indicate that it does not comply with 
specified requirements. 

E. Additional testing and inspecting, at Contractor's expense, will be performed to 
determine compliance of replaced or additional work with specified requirements. 

F. Inspect all prefabricated trusses before installation. 

3.7 REPAIRS AND PROTECTION 
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                                                        054000 - 9  COLD-FORMED METAL FRAMING 

A. Galvanizing Repairs:  Prepare and repair damaged galvanized coatings on fabricated 
and installed cold-formed metal framing with galvanized repair paint according to 
ASTM A 780 and manufacturer's written instructions. 

B. Provide final protection and maintain conditions, in a manner acceptable to 
manufacturer and Installer, that ensure that cold-formed metal framing is without 
damage or deterioration at time of Substantial Completion. 

 

END OF SECTION 054000 
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SECTION 055000 - METAL FABRICATIONS

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following:

1. Steel stairs with concrete-filled treads.
2. Handrails attached to walls adjacent to stairs.
3. Loose bearing and leveling plates.
4. Loose steel lintels.
5. Steel framing and supports for mechanical and electrical equipment.
6. Steel framing and supports for applications where framing and supports are not

specified in other Sections.
7. Cast metal nosings at concrete stairs.

B. Related Sections include the following:

1. Division 05 Section "Glazed Decorative Metal Railings" stainless steel handrails and
railings included as part of glazed decorative metal railings system.

1.2 PERFORMANCE REQUIREMENTS

A. Delegated Design:  Engage a qualified professional engineer, as defined in
Section 014000 "Quality Requirements," to design metal stairs, handrails and railings, and
guardrails.

B. Structural Performance of Metal Stairs, Walkways and Platforms:  Provide metal stairs,
walkways and platforms capable of withstanding the following structural loads without
exceeding the allowable design working stress of the materials involved, including anchors
and connections.  Apply each load to produce the maximum stress in each component of
metal stairs, walkways and platforms.

1. Treads and Platforms of Metal Stairs, and Walkways:  Capable of withstanding a
uniform load of 100 lbf/sq. ft. (4.79 kN/sq. m) or a concentrated load of 300 lbf (1.33
kN) on an area of 4 sq. in. (25.8 sq. cm), whichever produces the greater stress.

2. Stair and Walkway Framing:  Capable of withstanding stresses resulting from loads
specified above in addition to stresses resulting from railing system loads.

3. Limit deflection of treads, platforms, walkways and framing members to L/360 or 1/4
inch (6.4 mm), whichever is less.

C. Structural Performance of Handrails and Railings:  Provide handrails and railings capable
of withstanding the following structural loads without exceeding the allowable design
working stress of materials for handrails, railings, anchors, and connections:

055000 - 1 METAL FABRICATIONS
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1. Top Rail of Guards:  Capable of withstanding the following loads applied as
indicated:
a. Concentrated load of 200 lbf (890 N) applied at any point and in any direction.
b. Uniform load of 50 lbf/ft. (730 N/m) applied horizontally and concurrently with

uniform load of 100 lbf/ft. (1460 N/m) applied vertically downward.
c. Concentrated and uniform loads above need not be assumed to act

concurrently.

2. Handrails Not Serving as Top Rails:  Capable of withstanding the following loads
applied as indicated:
a. Concentrated load of 200 lbf (890 N) applied at any point and in any direction.
b. Uniform load of 50 lbf/ft. (730 N/m) applied in any direction.
c. Concentrated and uniform loads above need not be assumed to act

concurrently.

3. Infill Area of Guards:  Capable of withstanding a horizontal concentrated load of 200
lbf (890 N) applied to 1 sq. ft. (0.09 sq. m) at any point in system, including panels,
intermediate rails, balusters, or other elements composing infill area.
a. Load above need not be assumed to act concurrently with loads on top rails

in determining stress on guards.

1.3 ACTION SUBMITTALS

A. Product Data:  For all fabricated products including the following:

1. Paint products.
2. Grout.
3. Nosings

B. Shop Drawings:  Detail fabrication and erection of each metal fabrication indicated. 
Include plans, elevations, sections, and details of metal fabrications and their connections. 
Show anchorage and accessory items.

1. For installed products indicated to comply with design loads, include structural
analysis data signed and sealed by the qualified professional engineer responsible
for their preparation.

1.4 INFORMATIONAL SUBMITTALS

A. Welding Certificates:  Copies of certificates for welding procedures and personnel.

B. Qualification Data:  For firms and persons specified in "Quality Assurance" Article to
demonstrate their capabilities and experience.  Include lists of completed projects with
project names and addresses, names and addresses of architects and owners, and other
information specified.

C. Delegated-Design Submittal:  For stairs, handrails and railings, and guardrails,  including
analysis data signed and sealed by the qualified professional engineer responsible for
their preparation.
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1.5 QUALITY ASSURANCE

A. Fabricator Qualifications:  A firm experienced in producing metal fabrications similar to
those indicated for this Project and with a record of successful in-service performance, as
well as sufficient production capacity to produce required units.

B. Professional Engineer Qualifications:  A professional engineer who is legally qualified to
practice in jurisdiction where Project is located and who is experienced in providing
engineering services of the kind indicated.  Engineering services are defined as those
performed for installations of metal stairs, platforms, walkways, and handrails and railing
systems  that are similar to those indicated for this Project in material, design, and extent.

C. Welding:  Qualify procedures and personnel according to the following:

1. AWS D1.1, "Structural Welding Code--Steel."
2. AWS D1.3, "Structural Welding Code--Sheet Steel."
3. AWS D1.6, "Structural Welding Code--Stainless Steel."
4. Certify that each welder has satisfactorily passed AWS qualification tests for

welding processes involved and, if pertinent, has undergone recertification.

1.6 PROJECT CONDITIONS

A. Field Measurements:  Where metal fabrications are indicated to fit walls and other
construction, verify dimensions by field measurements before fabrication and indicate
measurements on Shop Drawings.  Coordinate fabrication schedule with construction
progress to avoid delaying the Work.

1. Established Dimensions:  Where field measurements cannot be made without
delaying the Work, establish dimensions and proceed with fabricating metal
fabrications without field measurements.  Coordinate construction to ensure that
actual dimensions correspond to established dimensions.  Allow for trimming and
fitting.

1.7 COORDINATION

A. Coordinate installation of anchorages for metal fabrications.  Furnish setting drawings,
templates, and directions for installing anchorages, including sleeves, concrete inserts,
anchor bolts, and items with integral anchors, that are to be embedded in concrete or
masonry.  Deliver such items to Project site in time for installation.

1.8 SEQUENCING AND SCHEDULING

A. Sequence and coordinate installation of wall handrails as follows:

1. Mount handrails only on completed walls.  Do not support handrails temporarily by
any means not satisfying structural performance requirements.
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2. Mount handrails only on gypsum board assemblies reinforced to receive anchors,
and where the location of concealed anchor plates has been clearly marked for
benefit of Installer.

PART 2 - PRODUCTS 

2.1 METALS, GENERAL

A. Metal Surfaces, General:  For metal fabrications exposed to view in the completed Work,
provide materials with smooth, flat surfaces without blemishes.  Do not use materials with
exposed pitting, seam marks, roller marks, rolled trade names, or roughness.

2.2 FERROUS METALS

A. Steel Plates, Shapes, and Bars:  ASTM A 36/A 36M.

B. Steel Tubing:  Cold-formed steel tubing complying with ASTM A 500.  For exterior
installations and where indicated, provide tubing with hot-dip galvanized coating.

C. Steel Pipe:  ASTM A 53, standard weight (Schedule 40), unless another weight is
indicated or required by structural loads.  For exterior installations and where indicated,
provide pipe with hot-dip galvanized coating.

D. Slotted Channel Framing:  Cold-formed metal channels with flange edges returned toward
web and with 9/16-inch- (14.3-mm-) wide slotted holes in webs at 2 inches (51 mm) o.c.

1. Width of Channels:  1-5/8 inches (41 mm).
2. Depth of Channels:  As indicated.
3. Metal and Thickness:  Galvanized steel complying with ASTM A 653/A 653M,

structural quality, Grade 33 (Grade 230), with G90 (Z275) coating; 0.108-inch
(2.8-mm) nominal thickness.

4. Finish:  Unfinished.

E. Malleable-Iron Castings:  ASTM A 47, Grade 32510 (ASTM A 47M, Grade 22010).

F. Gray-Iron Castings:  ASTM A 48, Class 30 (ASTM A 48M, Class 200), unless another
class is indicated or required by structural loads.

G. Cast-in-Place Anchors in Concrete:  Anchors of type indicated below, fabricated from
corrosion-resistant materials capable of sustaining, without failure, the load imposed within
a safety factor of 4, as determined by testing per ASTM E 488, conducted by a qualified
independent testing agency.

1. Threaded or wedge type; galvanized ferrous castings, either ASTM A 47
(ASTM A 47M) malleable iron or ASTM A 27/A 27M cast steel.  Provide bolts,
washers, and shims as needed, hot-dip galvanized per ASTM A 153/A 153M.
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H. Welding Rods and Bare Electrodes:  Select according to AWS specifications for metal
alloy welded.

2.3 STAINLESS STEEL

A. Tubing:  ASTM A 554, Grade MT 304

B. Pipe:  ASTM A 312/A 312M, Grade TP 304   

2.4 ALUMINUM

A. Extruded Bars, Shapes and Mouldings:  ASTM B 221 (ASTM B 221M), alloy 6063-T6 or 
6063-T52.

B. Castings: ASTM B 26,  Almag 35. 

2.5 PAINT

A. Shop Primer for Interior Ferrous Metal: Modified oil-alkyd primer, Tnemec 88-559 or 10-
1009, or equivalent.  Primer shall be compatible with finish paint specified in Section
09900.

B. Shop Primer for Galvanized Ferrous Metal:  Polyamide epoxy primer, Tnemec F.C.
Typoxy Series 27, or equivalent.  Primer shall be compatible with finish paint specified in
Section 09900. 

C. Galvanizing Repair Paint:  High-zinc-dust-content paint for regalvanizing welds in steel,
complying with SSPC-Paint 20.

D. Bituminous Paint:  Cold-applied asphalt mastic complying with SSPC-Paint 12, except
containing no asbestos fibers, or cold-applied asphalt emulsion complying with
ASTM D 1187.

2.6 FASTENERS

A. General:  Provide Type 304 or 316 stainless-steel fasteners for exterior use and
zinc-plated fasteners with coating complying with ASTM B 633, Class Fe/Zn 5, where built
into exterior walls, except as noted below.  Select fasteners for type, grade, and class
required.

B. Expansion Anchors:  Anchor bolt and sleeve assembly of material indicated below with
capability to sustain, without failure, a load equal to six times the load imposed when
installed in unit masonry and equal to four times the load imposed when installed in
concrete, as determined by testing per ASTM E 488, conducted by a qualified
independent testing agency.

1. Material:  Carbon-steel components zinc-plated to comply with ASTM B 633,
Class Fe/Zn 5.
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2.7 GROUT

A. Nonshrink, Nonmetallic Grout:  Factory-packaged, nonstaining, noncorrosive, nongaseous
grout complying with ASTM C 1107.  Provide grout specifically recommended by
manufacturer for interior and exterior applications.

2.8 CONCRETE FILL

A. Concrete Materials and Properties: Normal-weight, ready-mixed concrete with a minimum
28-day compressive strength of 3000 psi (20 MPa), unless higher strengths are indicated.

2.9 FABRICATION, GENERAL

A. Shop Assembly:  Preassemble items in shop to greatest extent possible to minimize field
splicing and assembly.  Disassemble units only as necessary for shipping and handling
limitations.  Use connections that maintain structural value of joined pieces.  Clearly mark
units for reassembly and coordinated installation.

B. Shear and punch metals cleanly and accurately.  Remove burrs.

C. Ease exposed edges to a radius of approximately 1/32 inch (1 mm), unless otherwise
indicated.  Form bent-metal corners to smallest radius possible without causing grain
separation or otherwise impairing work.

D. Weld corners and seams continuously to comply with the following:

1. Use materials and methods that minimize distortion and develop strength and
corrosion resistance of base metals.

2. Obtain fusion without undercut or overlap.
3. Remove welding flux immediately.
4. At exposed connections, finish exposed welds and surfaces smooth and blended

so no roughness shows after finishing and contour of welded surface matches that
of adjacent surface.

E. Provide for anchorage of type indicated; coordinate with supporting structure.  Fabricate
and space anchoring devices to secure metal fabrications rigidly in place and to support
indicated loads.

F. Cut, reinforce, drill, and tap metal fabrications as indicated to receive finish hardware,
screws, and similar items.

G. Form exposed work true to line and level with accurate angles and surfaces and straight
sharp edges.

H. Remove sharp or rough areas on exposed traffic surfaces.

I. Form exposed connections with hairline joints, flush and smooth, using concealed
fasteners where possible.  Use exposed fasteners of type indicated or, if not indicated,
Phillips flat-head (countersunk) screws or bolts.  Locate joints where least conspicuous.
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2.10 METAL STAIRS

A. General: Construct stairs to conform to sizes and arrangements indicated.  Join pieces
together by welding, unless otherwise indicated.  Provide complete stair and bleacher
assemblies, including metal framing, hangers, struts, clips, brackets, bearing plates, and
other components necessary for the support of stairs, and platforms, and as required to
anchor, hang, and contain the stairs on the supporting structure.

B. NAAMM Stair Standard:  Comply with "Recommended Voluntary Minimum Standards for
Fixed Metal Stairs" in NAAMM AMP 510, "Metal Stairs Manual," for class of stair
designated, unless more stringent requirements are indicated.

1. Commercial class. 

C. Stair Framing: Fabricate stringers of structural steel channels, or plates, or a combination
thereof, as indicated.  Provide closures for exposed ends of stringers.  Construct
platforms of structural steel channel headers and miscellaneous framing members as
indicated.  Weld headers to strings, and framing members to strings and headers.

1. Where required, provide hanger rods to support landings from floor construction
above.  Locate hanger rods within stud space of shaft-wall construction.

2. Where masonry walls support metal stairs, provide temporary supporting struts
designed for erecting steel stair components before installing masonry.

D. Metal Risers, Subtread Pans, and Subplatforms:  Form to configurations shown from steel
sheet of thickness necessary to support indicated loads, but not less than 0.0677 inch (1.7
mm).

1. Steel Sheet:  Uncoated cold-rolled steel sheet, unless otherwise indicated.
2. Attach risers and subtreads to stringers with brackets made of steel angles or bars. 

Weld brackets to stringers and attach metal pans to brackets by welding, riveting,
or bolting.

3. Shape metal pans to include nosing integral with riser.

E. Steel Stair Finishes: 

1. Shop prime and field paint all steel stairs systems

2.11 HANDRAILS AND RAILINGS AND GUARDRAILS

A. General:  Fabricate handrails and railings to comply with requirements indicated for
design, dimensions, details, finish, and member sizes, including wall thickness of tube,
post spacings, and anchorage, but not less than that needed to withstand indicated loads.

B. Interconnect members by butt-welding or welding with internal connectors, at fabricator's
option, unless otherwise indicated.
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1. At tee and cross intersections of pipe and tube, cope ends of intersecting members
to fit contour of tube to which end is joined, and weld all around.

C. Form changes in direction of handrails and rails as detailed.

D. Form simple and compound curves by bending members in jigs to produce uniform
curvature for each repetitive configuration required; maintain cross section of member
throughout entire bend without buckling, twisting, cracking, or otherwise deforming
exposed surfaces of components.

E. Close exposed ends of pipe and tube handrail and railing members with prefabricated end
fittings.

F. Provide wall returns at ends of wall-mounted handrails, unless otherwise indicated.  Close
ends of returns, unless clearance between end of rail and wall is 1/4 inch (6 mm) or less. 

G. Brackets, Flanges, Fittings, and Anchors:  Provide wall brackets, end closures, flanges,
miscellaneous fittings, and anchors for interconnecting railings and for attaching to other
work.  Furnish inserts and other anchorage devices for connecting to concrete or masonry
work.Fabricate anchorage devices capable of withstanding loads imposed by railings. 
Coordinate anchorage devices with supporting structure.

H. Fillers:  Provide fillers made from steel plate, or other suitably crush-resistant material,
where needed to transfer wall bracket loads through wall finishes to structural supports. 
Size fillers to suit wall finish thicknesses and to produce adequate bearing area to prevent
bracket rotation and overstressing of substrate.

I. For stainless steel handrails and railings, provide stainless steel fittings, brackets,
fasteners, and sleeves.

J. Stainless Steel Handrail Finishes:  No. 4. 

2.12 LOOSE BEARING AND LEVELING PLATES

A. Provide loose bearing and leveling plates for steel items bearing on masonry or concrete
construction.  Drill plates to receive anchor bolts and for grouting.

B. Galvanize plates after fabrication.

2.13 LOOSE STEEL LINTELS

A. Fabricate loose structural-steel lintels from steel angles and shapes of size indicated for
openings and recesses in masonry walls and partitions at locations indicated.

B. Weld adjoining members together to form a single unit where indicated.

C. Size loose lintels to provide bearing length at each side of openings equal to one-twelfth
of clear span, but not less than 8 inches (200 mm), unless otherwise indicated.
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D. Shop prime and field paint all lintels, leave embedded portions of lintels unpainted.

2.14 MISCELLANEOUS FRAMING AND SUPPORTS

A. General:  Provide steel framing and supports that are not a part of structural-steel
framework as necessary to complete the Work.

B. Fabricate units from structural-steel shapes, plates, tubes, and bars of welded
construction, unless otherwise indicated.  Fabricate to sizes, shapes, and profiles
indicated and as necessary to receive adjacent construction retained by framing and
supports.  Cut, drill, and tap units to receive hardware, hangers, and similar items.

1. Fabricate units from slotted channel framing where indicated.

2.15 CAST NOSINGS

A. Fabricate units of cast aluminum in sizes and configurations indicated and in lengths
necessary to accurately fit openings or conditions.  Provide units with an integral abrasive
finish consisting of aluminum oxide, silicon carbide, or a combination of both.

B. Configurations:  Provide units in the following configurations, unless otherwise indicated:

1. Nosings:  Cross-hatched units, 4 inches (100 mm) wide with 1-inch (25-mm) lip, for
casting into concrete steps.

C. Provide anchors for embedding units integral in concrete.

D. Apply bituminous paint to concealed bottoms, sides, and edges of units set into concrete.

E. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:

1. American Safety Tread Co., Inc.
2. Amstep Products.
3. Safe-T-Metal Co.
4. Wooster Products Inc.

2.16 FINISHES, GENERAL

A. Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for
recommendations for applying and designating finishes.

B. Finish metal fabrications after assembly.

2.17 STEEL AND IRON FINISHES

A. Galvanizing:  Hot-dip galvanize items as indicated to comply with applicable standard
listed below:
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1. ASTM A 123, for galvanizing steel and iron products.
2. ASTM A 153/A 153M, for galvanizing steel and iron hardware..

B. Preparation for Shop Priming:  Prepare uncoated ferrous-metal surfaces to comply with
minimum requirements indicated below for SSPC surface-preparation specifications and
environmental exposure conditions of installed metal fabrications:

1. Interiors (SSPC Zone 1A):  SSPC-SP 3, "Power Tool Cleaning."

C. Apply shop primer to uncoated surfaces of metal fabrications, except those with
galvanized finishes indicated as unpainted, and those to be embedded in concrete,
sprayed-on fireproofing, or masonry, unless otherwise indicated.  Paint embedded steel
that is partially exposed on exposed portions and initial 2 inches of embedded areas only.

1. Do not paint surfaces to be welded or high-strength bolted with friction-type
connections.

2. Apply 2 coats of paint to surfaces that are inaccessible after assembly or erection. 
Change color of second coat to distinguish it from first.

2.18 STAINLESS-STEEL FINISHES

A. Remove tool and die marks and stretch lines or blend into finish.

B. Grind and polish surfaces to produce uniform, directionally textured, polished finish
indicated, free of cross scratches.  Run grain with long dimension of each piece.

C. Directional Satin Finish:  No. 6.

D. When polishing is completed, passivate and rinse surfaces.  Remove embedded foreign
matter and leave surfaces chemically clean.

2.19 ALUMINUM FINISHES

A. Finish designations prefixed by AA comply with the system established by the Aluminum
Association for designating aluminum finishes.

B. As-Fabricated Finish:  AA-M10 (Mechanical Finish:  as fabricated, unspecified).

PART 3 - EXECUTION

3.1 INSTALLATION, GENERAL

A. Fastening to In-Place Construction:  Provide anchorage devices and fasteners where
necessary for securing metal fabrications to in-place construction.  Include threaded
fasteners for concrete and masonry inserts, toggle bolts, through-bolts, lag bolts, wood
screws, and other connectors.
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B. Cutting, Fitting, and Placement:  Perform cutting, drilling, and fitting required for installing
metal fabrications.  Set metal fabrications accurately in location, alignment, and elevation;
with edges and surfaces level, plumb, true, and free of rack; and measured from
established lines and levels.

C. Provide temporary bracing or anchors in formwork for items that are to be built into
concrete, masonry, or similar construction.

D. Fit exposed connections accurately together to form hairline joints.  Weld connections that
are not to be left as exposed joints but cannot be shop welded because of shipping size
limitations.  Do not weld, cut, or abrade surfaces of exterior units that have been hot-dip
galvanized after fabrication and are for bolted or screwed field connections.

E. Field Welding:  Comply with the following requirements:

1. Use materials and methods that minimize distortion and develop strength and
corrosion resistance of base metals.

2. Obtain fusion without undercut or overlap.
3. Remove welding flux immediately.
4. At exposed connections, finish exposed welds and surfaces smooth and blended

so no roughness shows after finishing and contour of welded surface matches that
of adjacent surface..

3.2 INSTALLING METAL STAIRS WITH GROUTED BASEPLATES

A. Clean concrete and masonry bearing surfaces of bond-reducing materials, and roughen
to improve bond to surfaces.  Clean bottom surface of baseplates.

B. Set steel stair baseplates on wedges, shims, or leveling nuts.  After stairs have been
positioned and aligned, tighten anchor bolts.  Do not remove wedges or shims but, if
protruding, cut off flush with edge of bearing plate before packing with grout.

1. Use nonmetallic, nonshrink grout, unless otherwise indicated.
2. Pack grout solidly between bearing surfaces and plates to ensure that no voids

remain.

3.3 INSTALLING RAILINGS AND HANDRAILS

A. Adjust handrails and railing systems before anchoring to ensure matching alignment at
abutting joints.  Secure railing ends to building construction as follows:

1. Anchor handrail ends to concrete and masonry with steel round flanges welded to
rail ends and anchored with postinstalled anchors and bolts.

2. Anchor railing ends to metal surfaces with flanges bolted to metal surfaces and
welded to railing ends.

B. Attach handrails to wall with wall brackets.  Provide bracket with 1-1/2-inch (38-mm)
clearance from inside face of handrail and finished wall surface.  Locate brackets as
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indicated or, if not indicated, at spacing required to support structural loads.  Secure wall
brackets to building construction as follows:

1. Use type of bracket with predrilled hole for exposed bolt anchorage.
2. For concrete and solid masonry anchorage, use drilled-in expansion shields and

hanger or lag bolts.
3. For hollow masonry anchorage, use toggle bolts.
4. For steel-framed gypsum board assemblies, use hanger or lag bolts set into wood

backing between studs.  Coordinate with stud installation to locate backing
members

3.4 SETTING BEARING AND LEVELING PLATES

A. Clean concrete and masonry bearing surfaces of bond-reducing materials, and roughen
to improve bond to surfaces.  Clean bottom surface of plates.

B. Set bearing and leveling plates on wedges, shims, or leveling nuts.  After bearing
members have been positioned and plumbed, tighten anchor bolts.  Do not remove
wedges or shims but, if protruding, cut off flush with edge of bearing plate before packing
with grout.

1. Use nonshrink grout, either metallic or nonmetallic, in concealed locations where not
exposed to moisture; use nonshrink, nonmetallic grout in exposed locations, unless
otherwise indicated.

2. Pack grout solidly between bearing surfaces and plates to ensure that no voids
remain.

3.5 INSTALLING MISCELLANEOUS FRAMING AND SUPPORTS

A. General:  Install framing and supports to comply with requirements of items being
supported, including manufacturers' written instructions and requirements indicated on
Shop Drawings, if any.

B. Support steel girders on solid grouted masonry, concrete, or steel pipe columns.  Secure
girders with anchor bolts embedded in grouted masonry or concrete or with bolts through
top plates of pipe columns.

1. Where grout space under bearing plates is indicated at girders supported on
concrete or masonry, install as specified above for setting and grouting bearing and
leveling plates.

3.6 INSTALLING NOSINGS 

A. Install with anchorage system indicated to comply with manufacturer's written instructions.

B. For nosings embedded in concrete steps or curbs, align nosings flush with riser faces and
level with tread surfaces.

3.7 ADJUSTING AND CLEANING
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A. Touchup Painting:  Cleaning and touchup painting of field welds, bolted connections, and
abraded areas of shop paint are specified in Division 9 Section "Painting."

B. Galvanized Surfaces:  Clean field welds, bolted connections, and abraded areas and
repair galvanizing to comply with ASTM A 780.

END OF SECTION 055000
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SECTION 057313 - GLAZED DECORATIVE METAL RAILINGS

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following:

1. Guardrail railing system including the following:
a. Glass balustrade panels with horizontal cap rail.
b. Stringer-mount shoe for glass balustrade.
c. Stainless steel handrails and railings and posts.
d. Stainless steel handrail brackets glass-mounted.

B. Related Sections include the following:

1. Division 05 Section "Miscellaneous Metals" for steel and stainless steel handrails
and railings not part of glazed decorative metal railings system.

2. Division 08 Section “Glazing” for glazing and glazing accessories.

1.2 DEFINITIONS

A. Railings:  Guards, handrails, and similar devices used for protection of occupants at
open-sided floor areas, pedestrian guidance and support, visual separation, or wall
protection.

1.3 ACTION SUBMITTALS

A. Product Data:  For the following:

1. Manufacturer's product lines of railings assembled from standard components.
2. Grout, anchoring cement, and paint products.

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other
work.

1. For installed products indicated to comply with design loads, include structural
analysis data signed and sealed by the qualified professional engineer responsible
for their preparation.

2. Indicate locations where holes will be provided in glass for handrail and baluster
bracket anchorage. 

3. Indicate locations for wall-mounted handrail brackets.

C. Samples for Verification:  For each type of exposed finish required.

1. Sections of each distinctly different linear railing member, including handrails and
posts.

2. Each type of glass required and glass edge treatment.
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3. Each type of fittings and brackets.
4. Welded connections.

1.4 INFORMATIONAL SUBMITTALS

A. Welding certificates.

B. Qualification Data:  For professional engineer and installer.

C. Engineering Calculations: Prior to the preparation of shop drawings, prepare and submit
structural analysis data for installed glazed decorative metal railing system indicating
compliance with loading requirements stated. Calculations shall be signed and sealed by
the professional engineer responsible for their preparation.

D. Product Test Reports: For tests performed by a qualified testing agency, in accordance
with ASTM E894, ASTM E935, ASTM E2353, and ASTM E2358.

E. Evaluation Reports: From ICC-ES or other qualified testing agency acceptable to
authorities having jurisdiction.

1. For glazed decorative metal railings.

1.5 QUALITY ASSURANCE

A. Professional Engineer Qualifications:  A professional engineer who is legally qualified to
practice in location of the project and who is experienced in providing engineering services
of the kind indicated.  Engineering services are defined as those performed for
installations of handrails and railing systems that are similar to those indicated for this
Project in material, design, and extent.

B. Installer Qualifications: Installers trained by manufacturer and approved by manufacturer
to install their railing systems. 

C. Source Limitations:  Obtain all components of pre-engineered railing system, including
glass, railings, brackets and fittings through one source from a single manufacturer.

D. Product Options:  Drawings indicate size, profiles, and dimensional requirements of
railings and are based on the specific system indicated. 

1. Do not modify intended aesthetic effects, as judged solely by Architect, except with
Architect's approval.  If modifications are proposed, submit comprehensive
explanatory data to Architect for review.

E. Mockups:  Build mockups to verify selections made under sample submittals and to
demonstrate aesthetic effects and set quality standards for fabrication and installation.

1. Build mockup consisting of two typical glass baluster panels with top rail and
handrail brackets, and all anchorage system components, attached to stair or
balcony stringer.
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2. Locate where directed by Architect.
3. Approved mock-ups may be incorporated in finished work.

1.6 PROJECT CONDITIONS

A. Field Measurements:  Verify actual locations of walls, stairs and other construction
contiguous with railings by field measurements before fabrication and indicate
measurements on Shop Drawings.

1. Established Dimensions:  Where field measurements cannot be made without
delaying the Work, establish dimensions and proceed with fabricating railings
system components without field measurements.  Coordinate wall, stair and other
contiguous construction to ensure that actual dimensions correspond to established
dimensions.

2. Provide allowance for trimming and fitting of railings at site.

1.7 COORDINATION AND SCHEDULING

A. Coordinate installation of anchorages for railings in walls.  Furnish setting drawings,
templates, and directions for installing anchorages, including sleeves, shoe moldings, and
anchor bolts.  Deliver such items to Project site in time for installation.

B. Coordinate locations of handrail brackets for glass-mounted handrails and any other
fastenings, support brackets or other components mounted to or penetrating glass with
glass tempering facility to ensure holes are drilled prior to tempering.

1.8 WARRANTY

A. Warranty shall not deprive the Owner of other rights or remedies that the Owner may have
under other provisions of the Contract Documents and is in addition to and runs
concurrent with other warranties made by the Contractor under requirements of the
Contract Documents.

B. Provide a manufacturer's warranty covering the material and workmanship for a period
of one year for glass and five years for all other components from the date of final
acceptance.

C. Repair or replace any part which becomes defective or breaks during the warranty period. 

PART 2 - PRODUCTS

2.1 PRODUCTS, GENERAL

A. Railing System Components: Provide Basis of Design components as specified or
equivalent alternative products that are railing system manufacturer’s standard
components. 
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B. Pre-engineered Railing System: Provide all components required for complete installation
of the glazed decorative metal railing system, obtained from one system of single
manufacturer.  

2.2 MANUFACTURERS

A. Basis of Design Manufacturers: Provide specified railing system components
manufactured by Viva Railings or equal by one of the following:

1. Accent Architectural 
2. CR Laurence 
3. P&P ARTEC Inc.
4. Livers Bronze Co.
5. Blumcraft of Pittsburgh; division of CR Laurence

2.3 PERFORMANCE REQUIREMENTS

A. Delegated Design: Engage a qualified professional engineer, as defined in Division 01 to
design glazed decorative metal railings, including attachment to building construction.

B. General:  In engineering railings to withstand structural loads indicated, determine
allowable design working stresses of railing materials based on the following:

1. Stainless Steel:  60 percent of minimum yield strength
2. Aluminum: The lesser of minimum yield strength divided by 1.65 or minimum

ultimate tensile strength divided by 1.95.
3. Glass:  25 percent of mean modulus of rupture (50 percent probability of breakage),

as listed in "Mechanical Properties" in AAMA's Aluminum Curtain Wall Series
No. 12, "Structural Properties of Glass."

C. Structural Performance:  Provide railings capable of withstanding the effects of gravity
loads and the following loads and stresses within limits and under conditions indicated:

1. Handrails:
a. Uniform load of 50 lbf/ ft. (0.73 kN/m) applied in any direction.
b. Concentrated load of 200 lbf (0.89 kN) applied in any direction.
c. Uniform and concentrated loads need not be assumed to act concurrently.

2. Top Rails of Guards:
a. Concentrated load of 200 lbf (890 N) applied at any point and in any direction.
b. Uniform load of 50 lbf/ft. (730 N/m) applied in any direction.
c. Concentrated and uniform loads need not be assumed to act concurrently..

3. Structural Glass Railings and Glass-Infill Panels:
a. Concentrated load of 50 lbf/ft. (730 N/m) applied horizontally on an area of 1

sq. ft. (0.093 sq. m).
b. Infill load and other loads need not be assumed to act concurrently.
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4. Glass-Supported Railings: Support each section of top rail by a minimum of three
glass panels or by other means so top rail will remain in place if any one panel fails.

D. Control of Corrosion:  Prevent galvanic action and other forms of corrosion by insulating
metals and other materials from direct contact with incompatible materials.

2.4 METALS, GENERAL

A. Metal Surfaces, General:  Provide materials with smooth surfaces, without seam marks,
roller marks, rolled trade names, stains, discolorations, or blemishes.

2.5 STEEL AND IRON

A. Bars:  Hot-rolled, carbon steel complying with ASTM A 29/A 29M, Grade 1010.

B. Plates, Shapes, and Bars:  ASTM A 36/A 36M

2.6 STAINLESS STEEL

A. Tubing:  ASTM A 554, Grade MT 304.

B. Pipe:  ASTM A 312/A 312M, Grade TP 304.

C. Castings:  ASTM A 743/A 743M, Grade CF 8 or CF 20.

D. Plate and Sheet:  ASTM A 666, Type 304

2.7 ALUMINUM

A. Aluminum, General: Provide alloy and temper recommended by aluminum producer and
finisher for type of use and finish indicated, and with strength and durability properties for
each aluminum form required not less than that of alloy and temper designated below.

B. Extruded Bars and Shapes: ASTM B221 (ASTM B221M), Alloy 6063-T5/T52

2.8 GLASS AND GLAZING MATERIALS

A. General: Refer to Section 088000 for additional requirements relating to glass and glazing
materials.

B. Provide safety glass permanently marked with certification label of Safety Glazing
Certification Council or another certification agency acceptable to authorities having
jurisdiction.

C. Laminated Tempered Glass: Comply with ASTM C 1172, Kind LT (laminated tempered),
Type II with two plies of glass bonded together with an interlayer.

1. Interlayer Material: PVB sheets
2. Interlayer Thickness: .060"
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3. Interlayer Color: Clear
4. Glass: Two lites of clear tempered glass meeting ASTM C 1048, Kind FT (fully

tempered), Condition A (uncoated), Type 1 (transparent flat glass), Quality-Q3. 
Provide products that have been tested for surface and edge compression
according to ASTM C 1048 and for impact strength according to 16 CFR 1201 for
Category II materials.

5. Total Glass Thickness: 5/8".
6. Laminating Process:  Fabricate laminated glass to produce glass free of foreign

substances and air or glass pockets.
7. Edge Finish: Grind smooth and flat polish exposed edges of glass prior to

tempering, including those at open joints, to produce smooth, square edges with
glass edge finishes. Do not grind or polish edges of fabricated laminated glass. 

D. Dry-Set Continuous Compression Mounting Accessories for Structural Glass Balusters:
As supplied by railing manufacturer for installing glass panels within railing system.

2.9 GLAZED DECORATIVE METAL RAILING SYSTEM

A. Basis of Design Railing System: Shoe Railing System manufactured by Viva Railings, or
equal, with the following components: 

1. Top Rail: 1" high stainless steel U-cap for 5/8" monolithic glass designed for use as
a top rail for guard rail application. Provide corners and end caps as required. Finish
shall be #6 satin finish.

2. Handrail: Stainless steel tube, 1-1/2" diameter, with #6 satin finish.
3. Dry-Set Continuous Aluminum Mounting Base Shoe: 2.75" x 4" extruded aluminum

channel, top mounted on stringer, designed for installing vertical cantilevered
structural glass panels within railing system.
a. Finish: Stainless steel cladding with #6 satin finish, applied to exposed shoe

base sections. Provide end caps where ends of shoe base sections are
exposed.

4. Handrail  Mounting Brackets: Stainless steel of design selected by Architect, for
mounting to glass balusters. 

B. Glass Balusters: 5/8" thick clear laminated tempered glass.

C. Accessories for Glass Railing/Guard Panels:  Provide all other related accessories
recommended or supplied by railing system manufacturer for installing of their products.

2.10 FASTENERS

A. General:  Provide Type 304 stainless-steel fasteners.

B. Fasteners for Anchoring Railings to Other Construction:  Select fasteners of type, grade,
and class required to produce connections suitable for anchoring railings to other types
of construction indicated and capable of withstanding design loads.
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C. Provide concealed fasteners for interconnecting railing components and for attaching
railings to other work, unless otherwise indicated.

2.11 MISCELLANEOUS MATERIALS

A. Welding Rods and Bare Electrodes:  Select according to AWS specifications for metal
alloy welded.

B. Nonshrink, Nonmetallic Grout:  Factory-packaged, nonstaining, noncorrosive, nongaseous
grout complying with ASTM C 1107.  Provide grout specifically recommended by
manufacturer for interior applications.

2.12 FABRICATION

A. General:  Fabricate glass panels and railings with support brackets to comply with
requirements indicated for design, dimensions, member sizes and spacing, details, finish,
and anchorage, but not less than that required to support structural loads.

B. Assemble railings in the shop to greatest extent possible to minimize field splicing and
assembly.  Disassemble units only as necessary for shipping and handling limitations. 
Clearly mark units for reassembly and coordinated installation.  Use connections that
maintain structural value of joined pieces.

C. Cut, drill, and punch metals cleanly and accurately.  Remove burrs and ease edges to a
radius of approximately 1/32 inch (1 mm), unless otherwise indicated.  Remove sharp or
rough areas on exposed surfaces.

D. Form work true to line and level with accurate angles and surfaces.

E. Cut, reinforce, drill, and tap as indicated to receive finish hardware, screws, and similar
items.

F. Welded Connections: 

1. Use materials and methods that minimize distortion and develop strength and
corrosion resistance of base metals.

2. Obtain fusion without undercut or overlap.
3. Remove flux immediately.

G. Mechanical Connections:  Connect railing members with concealed mechanical fasteners
and fittings.  Fabricate members and fittings to produce flush, smooth, rigid, hairline joints.

1. Fabricate splice joints for field connection using an epoxy structural adhesive if this
is manufacturer's standard splicing method.

H. Form changes in direction as per manufacturer’s directions for system indicated.

I. Form simple and compound curves by bending members in jigs to produce uniform
curvature for each repetitive configuration required; maintain cross section of member
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throughout entire bend without buckling, twisting, cracking, or otherwise deforming
exposed surfaces of components.

J. Close exposed ends of hollow railing members with prefabricated end fittings.

K. Provide wall returns at ends of wall-mounted handrails, unless otherwise indicated.  Close
ends of returns, unless clearance between end of rail and wall is 1/4 inch (6 mm) or less.

L. Brackets, Flanges, Fittings, and Anchors:  Provide wall brackets, flanges, miscellaneous
fittings, and anchors to interconnect railing members to other work, unless otherwise
indicated.  Fabricate anchorage devices capable of withstanding loads imposed by
railings.  Coordinate anchorage devices with supporting structure.

2.13 GLAZING PANEL FABRICATION

A. General:  Fabricate to sizes and shapes required. Cut holes in glass balusters for handrail
brackets prior to tempering panels.

B. Refer to Section 088000 for additional requirements for fabricating glass.

2.14 FINISHES, GENERAL

A. Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for
recommendations for applying and designating finishes.

B. Protect mechanical finishes on exposed surfaces from damage by applying a strippable,
temporary protective covering before shipment.

C. Appearance of Finished Work:  Variations in appearance of abutting or adjacent pieces
are acceptable if they are within one-half of the range of approved Samples.  Noticeable
variations in same piece are not acceptable.  Variations in appearance of other
components are acceptable if they are within the range of approved Samples and are
assembled or installed to minimize contrast.

2.15 STAINLESS-STEEL FINISHES

A. Remove tool and die marks and stretch lines or blend into finish.

B. Grind and polish surfaces to produce uniform finish indicated, free of cross scratches.

1. Run grain of directionally textured finishes with long dimension of each piece.

C. Satin Finish: #6 

D. When polishing is completed, passivate and rinse surfaces.  Remove embedded foreign
matter and leave surfaces chemically clean.

PART 3 - EXECUTION
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3.1 INSTALLATION, GENERAL

A. Fit exposed connections together to form tight, hairline joints.

B. Perform cutting, drilling, and fitting required for installing railings.  Set railings accurately
in location, alignment, and elevation; measured from established lines and levels and free
of rack.

1. Do not weld, cut, or abrade surfaces of railing components that have been coated
or finished after fabrication and that are intended for field connection by mechanical
or other means without further cutting or fitting.

2. Align rails so variations from level for horizontal members and variations from
parallel with rake of steps and ramps for sloping members do not exceed 1/4 inch
in 12 feet (5 mm in 3 m).

C. Corrosion Protection:  Coat concealed surfaces of aluminum and copper alloys that will
be in contact with grout, concrete, masonry, wood, or dissimilar metals, with a heavy coat
of bituminous paint.

D. Adjust glass panels and railings before anchoring to ensure matching alignment at
abutting joints.

E. Fastening to In-Place Construction:  Use anchorage devices and fasteners where
necessary for securing railings and for properly transferring loads to in-place construction.

3.2 RAILING CONNECTIONS

A. Nonwelded Connections:  Use mechanical or adhesive joints for permanently connecting
railing components.  Use wood blocks and padding to prevent damage to railing members
and fittings.  Seal recessed holes of exposed locking screws using plastic cement filler
colored to match finish of railings.

B. Expansion Joints:  Install expansion joints at locations indicated but not farther apart than
required to accommodate thermal movement.  Provide slip-joint internal sleeve extending
2 inches (50 mm) beyond joint on either side, fasten internal sleeve securely to 1 side, and
locate joint within 6 inches (150 mm) of post.

3.3 INSTALLING GLASS PANELS

A. Install entire assembly to comply with approved shop drawings and manufacturer’s written
instructions. 

B. Attach base channel to building structure utilizing anchorage devices and fasteners
necessary for securing glass base shoe and for properly transferring loads to in-place
construction.

C. Insert glass in base channel, and secure glass panel in shoe utilizing dry set compression
mounting system in accordance with manufacturer’s directions.
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D. Adjust spacing of glass balusters so gaps between balusters are equal before securing
in position.

E. Do not cut, drill, or alter glass panels in field.  Protect edges from damage.

F. Attach cap rails to glazing panels using clear adhesive in accordance with manufacturer’s
directions.

3.4 INSTALLING STAINLESS STEEL RAILINGS TO FLOOR

A. Core-drill holes not less than 6 inches deep and 3/4 inch larger than OD of post for
installing posts in concrete.  Clean holes of loose material, insert posts, and fill annular
space between post and concrete with nonshrink, nonmetallic grout, mixed and placed to
comply with anchoring material manufacturer's written instructions.

3.5 CLEANING

A. Clean metals by washing thoroughly with clean water and soap, rinsing with clean water,
and wiping dry.

B. Clean and polish glass.

3.6 PROTECTION

A. Protect finishes of railings from damage during construction period with temporary
protective coverings approved by railing manufacturer.  Remove protective coverings at
time of Substantial Completion.

B. Restore finishes damaged during installation and construction period so no evidence
remains of correction work.  Return items that cannot be refinished in field to shop; make
required alterations and refinish entire unit, or provide new units.

END OF SECTION 057313
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SECTION 061053 - MISCELLANEOUS ROUGH CARPENTRY

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following:

1. Wood blocking, cants, furring, supports, and nailers.
2. Plywood backing panels.
3. Plywood subfloor. 

1.2 DEFINITIONS

A. Lumber grading agencies, and the abbreviations used to reference them, include the
following:

1. NELMA - Northeastern Lumber Manufacturers Association.
2. NLGA - National Lumber Grades Authority.
3. SPIB - Southern Pine Inspection Bureau.
4. WCLIB - West Coast Lumber Inspection Bureau.
5. WWPA - Western Wood Products Association.

1.3 ACTION SUBMITTALS

A. Product Data:  For each type of process and factory-fabricated product.  Indicate
component materials and dimensions and include construction and application details.

1. Include data for wood-preservative treatment from chemical treatment manufacturer
and certification by treating plant that treated materials comply with requirements. 
Indicate type of preservative used, net amount of preservative retained, and
chemical treatment manufacturer's written instructions for handling, storing,
installing, and finishing treated material.

2. Include data for fire-retardant treatment from chemical treatment manufacturer and
certification by treating plant that treated materials comply with requirements. 
Include physical properties of treated materials, both before and after exposure to
elevated temperatures when tested according to ASTM D 5516 and ASTM D 5664.

3. For products receiving a waterborne treatment, include statement that moisture
content of treated materials was reduced to levels specified before shipment to
Project site.

4. Include copies of warranties from chemical treatment manufacturers for each type
of treatment.

1.4 INFORMATIONAL SUBMITTALS

A. Material Certificates:  For dimension lumber specified to comply with minimum allowable
unit stresses.
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B. Research/Evaluation Reports:  For the following, showing compliance with building code
in effect for Project:

1. Preservative-treated wood.
2. Fire-retardant-treated wood.

1.5 QUALITY ASSURANCE

A. All composite wood, engineered wood, or agrifber products (e.g., plywood, particleboard,
medium density fiberboard) shall contain no added urea-formaldehyde resins. Laminating
adhesives used to fabricate on-site and shop-applied composite wood and agrifiber
assemblies shall contain no added urea-formaldehyde resins. Acceptable resins and
binders include, but are not limited to, phenol formaldehyde and methyl diisocyanate
(MDI). 

1.6  DELIVERY, STORAGE, AND HANDLING

A. Stack lumber, plywood, and other panels; place spacers between each bundle to provide
air circulation.  Provide for air circulation around stacks and under coverings..

PART 2 - PRODUCTS

2.1 WOOD PRODUCTS, GENERAL

A. Lumber:  DOC PS 20 and applicable rules of lumber grading agencies certified by the
American Lumber Standards Committee Board of Review.

1. Factory mark each piece of lumber with grade stamp of grading agency.
2. Provide dressed lumber, S4S, unless otherwise indicated.
3. Provide dry lumber with 19 percent maximum moisture content at time of dressing

for 2-inch nominal (38-mm actual) thickness or less, unless otherwise indicated.

2.2 WOOD-PRESERVATIVE-TREATED MATERIALS

A. Preservative Treatment by Pressure Process:  AWPA  U1; Use Category UC2 for interior
construction not in contact with ground, and Use Category UC3b for exterior construction
not in contact with ground.

1. Preservative Chemicals: Acceptable to authorities having jurisdiction and containing
no arsenic or chromium. Do not use inorganic boron (SBX) for sill plates.

2. The use of CCA preservative treated wood is prohibited.

B. Kiln-dry material after treatment to a maximum moisture content of 19 percent for lumber
and 15 percent for plywood.

C. Mark each treated item with treatment quality mark of an inspection agency approved by
the American Lumber Standards Committee Board of Review.
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D. Application:  Treat items indicated on Drawings, and the following:

1. Wood sills, sleepers, blocking, furring, stripping, and similar concealed members
in contact with masonry or concrete.

2.3 FIRE-RETARDANT-TREATED MATERIALS 

A. General: Where fire-retardant-treated materials are indicated, materials shall comply with
requirements in this article, that are acceptable to authorities having jurisdiction, and with
fire-test-response characteristics specified as determined by testing identical products per
test method indicated by a qualified testing agency.

B. Fire-Retardant-Treated Lumber and Plywood by Pressure Process: Products with a
flame-spread index of 25 or less when tested according to ASTM E84, and with no
evidence of significant progressive combustion when the test is extended an additional
20 minutes, and with the flame front not extending more than 10.5 feet beyond the
centerline of the burners at any time during the test.

1. Use treatment that does not promote corrosion of metal fasteners.
2. Interior Type A: Treated materials shall have a moisture content of 28 percent or

less when tested according to ASTM D3201 at 92 percent relative humidity. Use
where exterior type is not indicated.

C. Identify fire-retardant-treated wood with appropriate classification marking of qualified
testing agency.

2.4 MISCELLANEOUS LUMBER

A. Provide miscellaneous lumber for support or attachment of other construction, including
the following:

1. Blocking.
2. Nailers.
3. Furring.
4. Sleepers
5. Cants

B. For items of dimension lumber size, provide Construction, Stud, or No. 2 grade lumber
with 19 percent maximum moisture content and the following species:  Mixed southern
pine; SPIB.

C. For concealed boards, provide lumber with 19 percent maximum moisture content of the
following species and grades:

1. Spruce-pine-fir (south) or Spruce-pine-fir, Construction or 2 Common grade;
NELMA, NLGA, WCLIB, or WWPA.

2.5 PLYWOOD PANELS
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A. Telephone and Electrical Equipment Backing Panels:  DOC PS 1, Exposure 1, C-D
Plugged, fire-retardant treated, in thickness indicated or, if not indicated, not less than 1/2
inch (12.7 mm) thick.

1. Paint before mounting of equipment.

B. Plywood Subfloor: DOC PS 1, Exposure 1, Structural I sheathing; span rating to suit
framing in each location and in thickness indicated.

C. Miscellaneous Concealed Plywood:  Exposure 1 sheathing, span rating to suit framing in
each location, and thickness as indicated but not less than ½ inch (13 mm).

1. Provide fire-retardant-treated panels for interior locations unless indicated.
2. Provide preservative-treated panels for exterior locations unless indicated.

2.6 MISCELLANEOUS MATERIALS

A. Fasteners:

1. Where rough carpentry is exposed to weather, in ground contact, or in area of high
relative humidity, provide fasteners with hot-dip zinc coating complying with
ASTM A 153/A 153M.

2. Bolts:  Steel bolts complying with ASTM A 307, Grade A (ASTM F 568M, Property
Class 4.6); with ASTM A 563 (ASTM A 563M) hex nuts and, where indicated, flat
washers.

2.7 ACCESSORY MATERIALS

A. Weather Resistant Barrier:  Asphalt-saturated organic felt, ASTM D 226, Type 1 (No. 15
asphalt felt), unperforated.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Discard units of material with defects that impair quality of carpentry and that are too small
to use with minimum number of joints or optimum joint arrangement.

B. Set rough carpentry to required levels and lines, with members plumb, true to line, cut,
and fitted.  Fit rough carpentry to other construction; scribe and cope as needed for
accurate fit.  Locate furring, nailers, blocking, and similar supports to comply with
requirements for attaching other construction.

C. Apply field treatment complying with AWPA M4 to cut surfaces of preservative-treated
lumber and plywood.

D. Securely attach carpentry work as indicated and according to applicable codes and
recognized standards.
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E. Use fasteners of appropriate type and length.  Predrill members when necessary to avoid
splitting wood.

3.2 PANEL PRODUCT INSTALLATION

A. Fastening Methods:  Fasten panels as indicated below:

1. Plywood Backing Panels: Screw to supports.
2. Miscellaneous Concealed Plywood Panels: Screw to supports.
3. Plywood Subfloor: Screw to supports.

3.3 WOOD BLOCKING, AND NAILER INSTALLATION

A. Install where indicated and where required for screeding or attaching other work.  Form
to shapes indicated and cut as required for true line and level of attached work. 
Coordinate locations with other work involved.

B. Attach items to substrates to support applied loading.  Recess bolts and nuts flush with
surfaces, unless otherwise indicated.

END OF SECTION 061053
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SECTION 064020 - INTERIOR ARCHITECTURAL WOODWORK

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following:

1. Plastic-laminate cabinets and casework.
2. Wood cabinets and casework, including built-in bookcases and storage units.
3. Interior wood trim and rails
4. Plastic laminate countertops.
5. Plastic laminate cubbies.
6. Wood seating platform and wood learning stairs riser cladding
7. Upholstered cushions for seating platform.

B. Related Work Specified Elsewhere:

1. Wood finish flooring at learning stairs is specified in Division 09 Section “Wood
Flooring.”

1.2 DEFINITIONS

A. Interior architectural woodwork includes wood furring, blocking, shims, and hanging strips
for installing woodwork items, unless concealed within other construction before
woodwork installation.

1.3 SUBMITTALS

A. Product Data:  For each type of product indicated, including cabinet hardware and
accessories, and finishing materials and processes.

B. Shop Drawings:  Show location of each item, dimensioned plans and elevations,
large-scale details, attachment devices, and other components.

1. Show details full size.
2. Show locations and sizes of furring, blocking, and hanging strips and clips, cabling

and connectors, and attachment devices, including concealed blocking and
reinforcement specified in other Sections.

3. Show locations and sizes of cutouts and holes for plumbing fixtures, faucets, soap
dispensers, wire management, and other items installed in architectural woodwork.

4. Show locations of seams in countertops.

C. Samples for Verification:  For the following:

1. Lumber with or for transparent finish, 50 sq. in. (300 sq. cm), for each species and
cut, finished on 1 side and 1 edge.
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2. Wood-veneer-faced panel products with or for transparent finish, 8 by 10 inches
(200 by 250 mm), for each species and cut.  Include at least one face-veneer seam
and finish as specified.

3. Plastic-laminate-clad products, 8 by 10 inches (200 by 250 mm), for each type,
color, pattern, and surface finish.

4. Upholstery fabric, 8 by 10 inches (200 by 250 mm), for each type.
5. Markerboard Panels:  6 inches (150 mm) square, showing exposed-edge finish.

D. Product Certificates:  Signed by manufacturers of woodwork certifying that products
furnished comply with requirements.

E. Qualification Data:  For firms and persons specified in "Quality Assurance" Article to
demonstrate their capabilities and experience.  Include lists of completed projects with
project names and addresses, names and addresses of architects and owners, and other
information specified. 

1.4 QUALITY ASSURANCE

A. Installer Qualifications:  An experienced installer who has completed architectural
woodwork similar in material, design, and extent to that indicated for this Project and
whose work has resulted in construction with a record of successful in-service
performance.

B. Source Limitations:  Engage a qualified woodworking firm to assume undivided
responsibility for production and installation of interior architectural woodwork.

C. Quality Standard:  Unless otherwise indicated, comply with AWI's "Architectural
Woodwork Quality Standards" for grades of interior architectural woodwork, construction,
finishes, and other requirements.

1. Provide AWI Quality Certification Program certificate indicating that woodwork
complies with requirements of grades specified.

D. Fire-Test-Response Characteristics of Upholstered Chairs:

1. Upholstery Assembly: Assembly shall comply with component-testing requirements
of California Technical Bulletin 117-2013.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Do not deliver woodwork until painting and similar operations that could damage
woodwork have been completed in installation areas.  If woodwork must be stored in other
than installation areas, store only in areas where environmental conditions comply with
requirements specified in "Project Conditions" Article.

1.6 PROJECT CONDITIONS
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A. Environmental Limitations:  Do not deliver or install woodwork until building is enclosed,
wet work is complete, and HVAC system is operating and maintaining temperature and
relative humidity at occupancy levels during the remainder of the construction period.

B. Field Measurements:  Where woodwork is indicated to fit to other construction, verify
dimensions of other construction by field measurements before fabrication and indicate
measurements on Shop Drawings.  Coordinate fabrication schedule with construction
progress to avoid delaying the Work.

1. Locate concealed framing, blocking, and reinforcements that support woodwork by
field measurements before being enclosed and indicate measurements on Shop
Drawings.

1.7 COORDINATION

A. Coordinate sizes and locations of framing, blocking, furring, reinforcements, and other
related units of Work specified in other Sections to ensure that interior architectural
woodwork can be supported and installed as indicated.

PART 2 - PRODUCTS

2.1 MATERIALS, GENERAL 

A. General:  Provide materials that comply with requirements of the AWI quality standard for
each type of woodwork and quality grade specified, unless otherwise indicated.

B. Low-Emitting Materials:   All composite wood, engineered wood, or agrifber products (e.g.,
plywood, particleboard, medium density fiberboard) shall contain no added urea-
formaldehyde resins. Laminating adhesives used to fabricate on-site and shop-applied
composite wood and agrifiber assemblies shall contain no added urea-formaldehyde
resins.  Acceptable resins and binders include, but are not limited to, phenol formaldehyde
and methyl diisocyanate (MDI)

C. Wood Species and Cut for Transparent Finish: Grade A Maple, plain sawn/sliced. 

1. Matching: Solid stock shall be matched for color and grain; veneer faces shall be
compatible in color with solid stock.

2. Veneer Matching: Slip matched and balanced within panel.
3. Maple edge on casework shall match the approved submittal on maple door finish.

D. Wood Species and Cut for Stair and Seating Platform Risers: Match wood flooring species
and cut; refer to Division 09 Section “Wood Flooring.”

E. Cabinet Interiors (Cabinets with Doors): Plastic laminate with 3 mm PVC edgebanding
(kerf and adhesion installation) on shelves.

F. Wood Products:  Comply with the following:
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1. Hardboard:  Tempered, S1S, Class 1 minimum 1/4 inch and conforming to PS 58-
73.

2. Particleboard:  Minimum 45 lb. density particleboard complying with requirements
in ANSI A208.1, Grade M - 3i.

3. Medium-Density Fiberboard:  ANSI A208.2, Grade 130
4. Softwood Plywood:  DOC PS 1, Medium Density Overlay.
5. Hardwood Plywood and Face Veneers: HPVA HP-1.

G. Melamine-Faced Particleboard:  Particleboard complying with ANSI A208.1, Grade M-2,
finished on both faces with thermally fused, melamine-impregnated decorative paper and
complying with requirements of NEMA LD3, Grade VGL, for test methods 3.3, 3.4, 3.6,
3.8, and 3.10.

1. Provide PVC or polyester edge banding complying with LMA EDG-1 on components
with exposed or semiexposed edges.

H. High-Pressure Decorative Laminate:  NEMA LD 3, grades as indicated, or if not indicated,
as required by woodwork quality standard.

1. Colors, Patterns and Finishes: 
a. Production Lab Built-In Storage Cabinets: Vertical Face- Wilsonart Cement

D503-60.
b. Production Lab Countertops: Formica Countertop Navy Graphix #7018-58

with matching PVC edge F7018.
c. Production Lab Built-In Cubbies and Student Desktop: Wilsonart Fusion

Maple 7909.60 with matching PVC edge.
d. Mezzanine Countertop: Wilsonart Standard Laminate Washi Crystal #5017-

38, with  adjacent cabinet and vertical supports in Wilsonart Cement #
D503-60.

e. Circulation Desk: Wilsonart Standard Laminate Cement #D503-60.
f. Circulation Desk Countertop: Wilsonart Standard Laminate Nordic Linen

#5015-38 with PVC edge Dove Grey WD92.
g. Design Collaboration Area Built-In Cabinets: Wilsonart Tan Echo 7941k-18.
h. Countertop for Flat Files:  Wilsonart Nordic Linen 5015-38. Secure to the top

of the metal cabinet. 
i. Provide PVC edges at all cabinets and countertops

2. Basis of Design Products: Provide Wilsonart Premium Laminates with AEON
Enhanced Scratch & Scuff-Resistant Performance Technology, and Wilsonart
Standard Laminates, as scheduled, or equal products by one of the following:
a. Formica Corporation.
b. Laminart.
c. Panolam Industries International, Inc.

I. Adhesive for Bonding Plastic Laminate: Contact cement.

1. Adhesive for Bonding Edges:  Hot-melt adhesive or adhesive specified above for
faces.
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J. VOC Limits for Installation Adhesives and Glues: Use installation adhesives that comply
with the following limits for VOC content when calculated according to 40 CFR 59, Subpart
D (EPA Method 24):

1. Wood Glues: 30 g/L.
2. Contact Adhesive: 80  g/L.

K. Upholstery Fabric:

1. Flammability: Meets NFPA 260 and UFAC Class 1 for cigarette ignition resistance,
and California Technical Bulletin 117-2013.

2. Fabric for Cushion 1: 100% silicone fabric 54" wide with silicone finish and double
knit polyester backing, with a weight of 28 oz./yd., abrasion rated for 100,000
double rubs (Wyzenbeek).
a. Basis of Design Product: “Haven” from the Gather Collection by Pallas

Textiles, or equal.
b. Color: Tomato 27.291.289

3. Fabric for Cushion 2: 71% Polyurethane (polycarbonate), 29% Silicone fabric 53"
wide with 100% polyester finish/backing, with a weight of 22 oz./yd.,  abrasion rated
for 200,000 double rubs (Wyzenbeek). Repeat: 8-5/16"V x 9-3/16"H
a. Basis of Design Product: “Jaunt” from the Derive Collection by Pallas Textiles,

or equal.
b. Color: Soleil 27.306.149

L. Upholstery Foam: Combustion Modified High Resilient (CMHR) foam meeting the
following:

1. Density: 3.0 lb/cu ft
2. 25% ILD: 35 lb
3. Support Factor: 2.6
4. Resiliency: 45% 
5. Meets California Technical Bulletins 117-2013 and 133 and NFPA 260.
6. Basis of Design Product: Code Red II foam by Hickory Springs Manufacturing, or

equal.

2.2 CABINET HARDWARE AND ACCESSORIES

A. General:  Provide cabinet hardware and accessory materials associated with architectural
cabinets, except for items specified in Division 08 Section "Door Hardware.”

B. Exposed Hardware Finishes:  For exposed hardware, provide finish that complies with
BHMA A156.18 for BHMA finish number indicated.

1. Satin Chromium Plated:  BHMA 626 for brass or bronze base; BHMA 652 for steel
base.

2. Other specific finishes are scheduled on Drawings
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C. Bumpers:  Clear pressure sensitive non-skid vinyl bumpers 1/2 inch diameter by 5/32
inches thick; Grass #GF-BP-C, or equivalent. 

D. Frameless Concealed Hinges (European Type): 170 degrees of opening, self-closing,
three-way adjustable; Blum CLIP Top hinges with soft closing BLUMOTION, or equivalent.

E. Catches:  Magnetic catches, 5 lb. holding power; Ives 324-P69, or equivalent.  Provide 1
top mounted at each door.

F. Pulls: Mockett Rounded Square Pull #1088-SS Platinum finish. 

G. Wire Management Grommets:  Plastic grommets with cut-out covers cap, 1-1/2 inch I.D.
unless otherwise indicated; Hughes Plastic Parts, or equivalent.  Color as selected by
Architect from manufacturer's standard colors.  

H. Drawer Slides:  3/4 extension type, constructed from zinc plated cold-rolled steel, with
ball-bearing rollers,   75 lbf (330 N) load rated; Accuride 214 Series, or equivalent.

I. Slides for File Drawers and Flat Files Drawers:  Full extension type, constructed from zinc
plated cold-rolled steel, with ball-bearing rollers, 200 lbf (890 N) load rated; Accuride 4437
Series, or equivalent. 

J. Pencil Drawer Slides:  45 lbf (200 N), Accuride 214 Series, or equivalent

K. Adjustable Shelf Supports:  Peg type, steel, 5/16" stem length, 1/4" bore, spoon width
25/64"; Progressive IF-739NP, or equivalent.  

L. Locks:  Door locks - NL-C8173-26D; drawer locks - NL-C8178-26D; strike - NL-C2004-
14A; National Cabinet Lock, or equivalent. Keyed as requested by Owner.  

M. Levelers:  Plastic leveling system, including socket, leveler, toe kick clip, and toe kick
handle; Camar model CM-835-E1-00, CM-345-10-P2, CM-202-V1-T2, and CM-230-01-
DE, or equivalent. 

N. Hooks for Cubbies: Double-pronged stainless steel hooks, ceiling mounted. 

2.3 ACCESSORIES

A. Shelving: 1" thick plastic laminate faced shelves with 3 mm PVC kerfed edges, unless
otherwise indicated.

B. Adjustable Shelf Supports: Decorative, heavy-duty double-slotted standards adjustable
on 1-1/4" centers with decorative brackets in length indicated on drawings. Include all
accessories including cover strips, end caps, joiners, spacers and fasteners, as required
for complete installation.  Provide with epoxy finish in color as selected by Architect.from
manufacturer’s standards. 

1. Product: Knap & Vogt #82 standards and #182 brackets, or equivalent.
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C. Countertop Support:Rakks EH Surface Mount Bracket RAKKS #EH1824 or equal.

1. Finish: White or grey powder paint finish as selected by Architect. 

2.4 INSTALLATION MATERIALS

A. Anchors:  Select material, type, size, and finish required for each substrate for secure
anchorage.  Provide nonferrous-metal or hot-dip galvanized anchors and inserts on inside
face of exterior walls and elsewhere as required for corrosion resistance.  Provide
toothed-steel or lead expansion sleeves for drilled-in-place anchors.

B. Velcro Strips: As required to fasten pillows to seating platform. 

2.5 FABRICATION, GENERAL

A. Interior Woodwork Grade:  Provide Premium grade interior woodwork complying with the
referenced quality standard.

B. Wood Moisture Content:  Comply with requirements of referenced quality standard for
wood moisture content in relation to ambient relative humidity during fabrication and in
installation areas.

C. Fabricate woodwork to dimensions, profiles, and details indicated.  Ease edges to radius
indicated for the following:

1. Corners of Cabinets and Edges of Solid-Wood (Lumber) Members and Rails:  1/16
inch (1.5 mm)

D. Complete fabrication, including assembly, and hardware application, to maximum extent
possible, before shipment to Project site.  Disassemble components only as necessary
for shipment and installation.  Where necessary for fitting at site, provide ample allowance
for scribing, trimming, and fitting.

1. Trial fit assemblies at fabrication shop that cannot be shipped completely
assembled.  Install dowels, screws, bolted connectors, and other fastening devices
that can be removed after trial fitting.  Verify that various parts fit as intended and
check measurements of assemblies against field measurements indicated on Shop
Drawings before disassembling for shipment.

E. Shop cut openings, to maximum extent possible, to receive hardware, appliances,
plumbing fixtures, electrical work, and similar items.  Locate openings accurately and use
templates or roughing-in diagrams to produce accurately sized and shaped openings. 
Sand edges of cutouts to remove splinters and burrs.

1. Seal edges of openings in countertops with a coat of varnish. 

2.6 INTERIOR WOOD TRIM AND RAILS
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A. Quality Standard:  Comply with AWI Section 6.

B. Grade:  Premium, for transparent finish items.

C. For trim items wider than available lumber, use veneered construction.  Do not glue for
width.

D. Backout or groove backs of flat trim members and kerf backs of other wide, flat members,
except for members with ends exposed in finished work

E. Assemble casings in plant except where limitations of access to place of installation
require field assembly.

F. Assemble moldings in plant to maximum extent possible.  Miter corners in plant and
prepare for field assembly with bolted fittings designed to pull connections together. 

2.7 WOOD CABINETS AND CASEWORK FOR TRANSPARENT FINISH

A. Quality Standard:  Comply with AWI Section 10 requirements for custom wood cabinets.

B. Grade:  

1. Premium, for transparent finish items. 

C. AWI Type of Cabinet Construction:  Flush overlay.

D. Wood Species and Cut for Exposed Surfaces: As specified above.

E. Grain and Veneer Matching: As specified above

F. Semiexposed Surfaces:  Provide surface materials indicated below:

1. All cabinet interiors (at cabinets with doors) shall be plastic laminate faced with
edgebanding as specified above

2. Drawer Sides and Backs:  Thermoset decorative overlay.
3. Drawer Bottoms:  Thermoset decorative overlay.

G. Provide dust panels of 1/4-inch (6.4-mm) plywood or tempered hardboard above
compartments and drawers, unless located directly under tops

2.8 PLASTIC-LAMINATE CABINETS AND CASEWORK

A. Quality Standard:  Comply with AWI Section 10 requirements for custom laminate
cabinets.

B. Grade:  Premium

C. AWI Type of Cabinet Construction:  Full overlay.
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D. Laminate Cladding for Exposed Surfaces:  High-pressure decorative laminate complying
with the following requirements:

1. Horizontal Surfaces Other Than Tops:  HGS.
2. Postformed Surfaces:  HGP.
3. Vertical Surfaces:  HGS.
4. Edges:  HGS

E. Materials for Semiexposed Surfaces Other Than Drawer Bodies:

1. Drawer Sides and Backs:  Thermoset decorative overlay.
2. Drawer Bottoms:  Thermoset decorative overlay.

F. Colors, Patterns, and Finishes: As scheduled, or if not scheduled, as selected by
Architect.

G. Substrate: Plywood.

H. Provide dust panels of 1/4-inch (6.4-mm) plywood or tempered hardboard above
compartments and drawers, unless located directly under tops.

2.9 PLASTIC LAMINATE COUNTERTOPS  

A. Quality Standard:  Comply with AWI Section 11 requirements for high-pressure decorative
laminate countertops. 

B. Grade: Custom. 

C. High-Pressure Decorative Laminate Grade:  HGS.

D. Colors, Patterns, and Finishes: As scheduled, or if not scheduled, as selected by
Architect. 

E. Edge Treatment: As indicated on Drawings.

F. Core Material:  Particleboard or medium-density fiberboard. 

G. Core Material at Sinks:  Particleboard made with exterior glue, or medium-density
fiberboard made with exterior glue

H. Backing: Provide all laminate counter tops with backer/balance sheets. 

I. Provide backsplashes and end splashed as indicated.

2.10 STAIRWORK AND  HANDRAILS

A. Quality Standard:  Comply with AWI Section 7.
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B. Grade: Premium.

C. Wood Species: As specified above.

D. Finishes for Stair Parts: Transparent finish; comply with Division 09 Section “Wood
Flooring.”

2.11 CUSHIONS FOR SEATING PLATFORM

A. Fabricate upholstered seating cushions 2-1/2" thick by sizes indicated on Drawings for
each location, with welted edge seams and velcro attachment to substrate. Provide the
following:

1. Cushion 1: 18 required. Pallas Haven / Tomato 27.291.289
2. Cushion 2: 17 required. Pallas Jaunt / Soleil 27.306.149

2.12 SHOP FINISHING

A. Quality Standard:  Comply with AWI Section 5, unless otherwise indicated.

1. Grade:  Provide finishes of same grades as items to be finished.

B. General: 

1. Finish all transparent finished architectural woodwork at fabrication shop as
specified in this Section.  Defer only final touchup, cleaning, and polishing until after
installation.

C. Preparations for Finishing:  Comply with referenced quality standard for sanding, filling
countersunk fasteners, sealing concealed surfaces, and similar preparations for finishing
architectural woodwork, as applicable to each unit of work.

1. Backpriming:  Apply one coat of sealer or primer, compatible with finish coats, to
concealed surfaces of woodwork.  Apply two coats to back of paneling and to
end-grain surfaces.  Concealed surfaces of plastic-laminate-clad woodwork do not
require backpriming when surfaced with plastic laminate, backing paper, or
thermoset decorative overlay.

D. Transparent Finish: Comply with requirements indicated below for grade, finish system,
staining, and sheen, with sheen measured on 60-degree gloss meter per ASTM D 523:

1. AWI Finish System 9:  UV Curable, Acrylated Epoxy, Polyester or Urethane.
2. Staining: As selected by Architect.
3. Wash Coat for Stained Finish:  Apply a vinyl wash coat to woodwork made from

closed-grain wood before staining and finishing.
4. Open Finish for Open-Grain Woods:  Do not apply filler to open-grain woods.
5. Sheen:  Satin.
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PART 3 - EXECUTION

3.1 PREPARATION

A. Condition woodwork to average prevailing humidity conditions in installation areas before
installation.

B. Before installing architectural woodwork, examine shop-fabricated work for completion
and complete work as required, including removal of packing and backpriming.

3.2 INSTALLATION

A. Quality Standard:  Install woodwork to comply with AWI Sections cited for fabrication and
in the same grade, as specified in Part 2 of this Section for type of woodwork involved

B.  Install woodwork level, plumb, true, and straight.  Shim as required with concealed shims. 
Install level and plumb (including tops) to a tolerance of 1/8 inch in 96 inches (3 mm in
2400 mm).

C. Scribe and cut woodwork to fit adjoining work, and refinish cut surfaces and repair
damaged finish at cuts.

D. Anchor woodwork to anchors or blocking built in or directly attached to substrates.  Secure
with countersunk, concealed fasteners and blind nailing as required for complete
installation.  Use fine finishing nails or finishing screws for exposed fastening, countersunk
and filled flush with woodwork and matching final finish if transparent finish is indicated.

E. Wood Trim:  Install with minimum number of joints possible, using full-length pieces (from
maximum length of lumber available) to greatest extent possible.  Do not use pieces less
than 36 inches (900 mm) long, except where shorter single-length pieces are necessary. 

1. Fill gaps, if any, between top of base and wall with plastic wood filler, sand smooth,
and finish same as wood base, if finished.

2. Install trim with no more variation from a straight line than 1/8 inch in 96 inches (3
mm in 2400 mm).

F. Cabinets:   Install without distortion so doors and drawers fit openings properly and are
accurately aligned.  Adjust hardware to center doors and drawers in openings and to
provide unencumbered operation.  Complete installation of hardware and accessory items
as indicated.

1. Install cabinets with no more than 1/8 inch in 96-inch (3 mm in 2400-mm) sag, bow,
or other variation from a straight line.

2. Maintain veneer sequence matching of cabinets with transparent finish.
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3. Fasten wall cabinets through back, near top and bottom, at ends and not more than
16 inches (400 mm) o.c. with No. 10 wafer-head sheet metal screws through metal
backing or metal framing behind wall finish

G. Countertops:  Anchor securely by screwing through corner blocks of base cabinets or
other supports into underside of countertop.

1. Install countertops with no more than 1/8 inch in 96-inch (3 mm in 2400-mm) sag,
bow, or other variation from a straight line.

2. Secure backsplashes to tops with concealed metal brackets at 16 inches (400 mm)
o.c.

3. Caulk space between backsplash and wall with sealant specified in Division 07
Section "Joint Sealants."

H. Complete the finishing work specified in this Section to extent not completed at shop or
before installation of woodwork.  Fill nail holes with matching filler where exposed.  Apply
specified finish coats, including stains and paste fillers if any, to exposed surfaces where
only sealer/prime coats were applied in shop.

3.3 ADJUSTING AND CLEANING

A. Repair damaged and defective woodwork, where possible, to eliminate functional and
visual defects; where not possible to repair, replace woodwork.  Adjust joinery for uniform
appearance.

B. Clean, lubricate, and adjust hardware.

C. Clean woodwork on exposed and semiexposed surfaces.  Touch up shop-applied finishes
to restore damaged or soiled areas.

END OF SECTION 064020
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SECTION 078413 - PENETRATION FIRESTOPPING 

PART 1 - GENERAL  

1.1 SUMMARY  

A. Section Includes: 

1. Penetrations in fire-resistance-rated walls. 
2. Penetrations in fire-resistance-rated horizontal assemblies. 
3. Penetrations in non-fire-resistance-rated horizontal assemblies. 
4. Penetrations in smoke barriers, smoke partitions and smoke tight partitions. 

B. Related Sections: 

1. Section 078446 "Fire-Resistive Joint Systems" for joints in or between fire-
resistance-rated construction and in smoke barriers. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Product Schedule:  For each penetration firestopping system.  Include location and 
design designation of qualified testing and inspecting agency. 

1. Where Project conditions require modification to a qualified testing and 
inspecting agency's illustration for a particular penetration firestopping condition, 
submit illustration, with modifications marked, approved by penetration 
firestopping manufacturer's fire-protection engineer as an engineering judgment 
or equivalent fire-resistance-rated assembly. 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 

B. Installer Certificates:  From Installer indicating penetration firestopping has been 
installed in compliance with requirements and manufacturer's written 
recommendations. 

C. Product Test Reports:  Based on evaluation of comprehensive tests performed by a 
qualified testing agency, for penetration firestopping. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications:  A firm experienced in installing penetration firestopping similar 
in material, design, and extent to that indicated for this Project, whose work has 
resulted in construction with a record of successful performance.  Qualifications include 
having the necessary experience, staff, and training to install manufacturer's products 
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per specified requirements.  Manufacturer's willingness to sell its penetration 
firestopping products to Contractor or to Installer engaged by Contractor does not in 
itself confer qualification on buyer. 

B. Fire-Test-Response Characteristics:  Penetration firestopping shall comply with the 
following requirements: 

1. Penetration firestopping tests are performed by a qualified testing agency 
acceptable to authorities having jurisdiction. 

2. Penetration firestopping is identical to those tested per testing standard 
referenced in "Penetration Firestopping" Article.  Provide rated systems 
complying with the following requirements: 
a. Penetration firestopping products bear classification marking of qualified 

testing and inspecting agency. 
b. Classification markings on penetration firestopping correspond to 

designations listed by the following: 
1) UL in its "Fire Resistance Directory." 
2) Intertek ETL SEMKO in its "Directory of Listed Building Products." 
3) FM Global in its "Building Materials Approval Guide." 

C. Preinstallation Conference:  Conduct conference at Project site. 

1.5 PROJECT CONDITIONS 

A. Environmental Limitations:  Do not install penetration firestopping when ambient or 
substrate temperatures are outside limits permitted by penetration firestopping 
manufacturers or when substrates are wet because of rain, frost, condensation, or 
other causes. 

B. Install and cure penetration firestopping per manufacturer's written instructions using 
natural means of ventilations or, where this is inadequate, forced-air circulation. 

1.6 COORDINATION 

A. Coordinate construction of openings and penetrating items to ensure that penetration 
firestopping is installed according to specified requirements. 

B. Coordinate sizing of sleeves, openings, core-drilled holes, or cut openings to 
accommodate penetration firestopping. 

C. Notify Owner's testing agency at least seven days in advance of penetration 
firestopping installations; confirm dates and times on day preceding each series of 
installations. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 
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A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 

1. Penetration Firestop Systems specified in the Schedule in Part - 3 include: 
a. Fire Barrier Products, 3M Fire Protection Products 
b. RectorSeal Corporation. 

2. Subject to compliance with specified requirements, provide Penetration Firestop 
Systems (XHEZ) listed in Volume II of the UL Fire Resistance Directory (BXRH), 
by one of the following: 
a. Hilti, Inc. 
b. Nelson Firestop Products. 
c. RectorSeal Corporation. 
d. Specified Technologies Inc. 
e. 3M Fire Protection Products. 
f. Wiremold/Legrand 

2.2 PENETRATION FIRESTOPPING 

A. Provide penetration firestopping that is produced and installed to resist spread of fire 
according to requirements indicated, resist passage of smoke and other gases, and 
maintain original fire-resistance rating of construction penetrated.  Penetration 
firestopping systems shall be compatible with one another, with the substrates forming 
openings, and with penetrating items if any. 

B. Penetrations in Fire-Resistance-Rated Walls:  Provide penetration firestopping with 
ratings determined per ASTM E 814 or UL 1479, based on testing at a positive 
pressure differential of 0.01-inch wg (2.49 Pa). 

1. Fire-resistance-rated walls include fire walls, fire-barrier walls, smoke-barrier 
walls, and fire partitions. 

2. F-Rating:  Not less than the fire-resistance rating of constructions penetrated. 

C. Penetrations in Horizontal Assemblies:  Provide penetration firestopping with ratings 
determined per ASTM E 814 or UL 1479, based on testing at a positive pressure 
differential of 0.01-inch wg (2.49 Pa). 

1. Horizontal assemblies include floors and floor/ceiling assemblies. 
2. F-Rating:  At least 1 hour, but not less than the fire-resistance rating of 

constructions penetrated. 
3. T-Rating:  At least 1 hour, but not less than the fire-resistance rating of 

constructions penetrated except for floor penetrations within the cavity of a wall. 

D. Penetrations in Smoke Barriers:  Provide penetration firestopping with ratings 
determined per UL 1479. 

1. L-Rating:  Not exceeding 5.0 cfm/sq. ft. (0.025 cu. m/s per sq. m) of penetration 
opening at 0.30-inch wg (74.7 Pa) at both ambient and elevated temperatures. 
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E. W-Rating:  Provide penetration firestopping showing no evidence of water leakage 
when tested according to UL 1479. 

F. Exposed Penetration Firestopping:  Provide products with flame-spread and smoke-
developed indexes of less than 25 and 450, respectively, as determined per ASTM E 
84. 

G. VOC Content:  Penetration firestopping sealants and sealant primers shall comply with 
the following limits for VOC content when calculated according to 40 CFR 59, Subpart 
D (EPA Method 24): 

1. Sealants:  250 g/L. 
2. Sealant Primers for Nonporous Substrates:  250 g/L. 
3. Sealant Primers for Porous Substrates:  775 g/L. 

H. Accessories:  Provide components for each penetration firestopping system that are 
needed to install fill materials and to maintain ratings required.  Use only those 
components specified by penetration firestopping manufacturer and approved by 
qualified testing and inspecting agency for firestopping indicated. 

1. Permanent forming/damming/backing materials, including the following: 
a. Slag-wool-fiber or rock-wool-fiber insulation. 
b. Sealants used in combination with other forming/damming/backing 

materials to prevent leakage of fill materials in liquid state. 
c. Fire-rated form board. 
d. Fillers for sealants. 

2. Temporary forming materials. 
3. Substrate primers. 
4. Collars. 
5. Steel sleeves. 

2.3 FILL MATERIALS 

A. Cast-in-Place Firestop Devices:  Factory-assembled devices for use in cast-in-place 
concrete floors and consisting of an outer metallic sleeve lined with an intumescent 
strip, a radial extended flange attached to one end of the sleeve for fastening to 
concrete formwork, and a neoprene gasket. 

B. Latex Sealants:  Single-component latex formulations that do not re-emulsify after cure 
during exposure to moisture. 

C. Firestop Devices:  Factory-assembled collars formed from galvanized steel and lined 
with intumescent material sized to fit specific diameter of penetrant. 

D. Intumescent Composite Sheets:  Rigid panels consisting of aluminum-foil-faced 
elastomeric sheet bonded to galvanized-steel sheet. 

E. Intumescent Putties:  Nonhardening dielectric, water-resistant putties containing no 
solvents, inorganic fibers, or silicone compounds. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 

                                                                 078413 - 5  PENETRATION FIRESTOPPING 

F. Intumescent Wrap Strips:  Single-component intumescent elastomeric sheets with 
aluminum foil on one side. 

G. Mortars:  Prepackaged dry mixes consisting of a blend of inorganic binders, hydraulic 
cement, fillers, and lightweight aggregate formulated for mixing with water at Project 
site to form a nonshrinking, homogeneous mortar. 

H. Pillows/Bags:  Reusable heat-expanding pillows/bags consisting of glass-fiber cloth 
cases filled with a combination of mineral-fiber, water-insoluble expansion agents, and 
fire-retardant additives.  Where exposed, cover openings with steel-reinforcing wire 
mesh to protect pillows/bags from being easily removed. 

I. Silicone Foams:  Multicomponent, silicone-based liquid elastomers that, when mixed, 
expand and cure in place to produce a flexible, nonshrinking foam. 

J. Silicone Sealants:  Single-component, silicone-based, neutral-curing elastomeric 
sealants of grade indicated below: 

1. Grade:  Pourable (self-leveling) formulation for openings in floors and other 
horizontal surfaces, and nonsag formulation for openings in vertical and sloped 
surfaces, unless indicated firestopping limits use of nonsag grade for both 
opening conditions. 

2.4 MIXING 

A. For those products requiring mixing before application, comply with penetration 
firestopping manufacturer's written instructions for accurate proportioning of materials, 
water (if required), type of mixing equipment, selection of mixer speeds, mixing 
containers, mixing time, and other items or procedures needed to produce products of 
uniform quality with optimum performance characteristics for application indicated. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions, with Installer present, for compliance with 
requirements for opening configurations, penetrating items, substrates, and other 
conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Cleaning:  Clean out openings immediately before installing penetration 
firestopping to comply with manufacturer's written instructions and with the following 
requirements: 

1. Remove from surfaces of opening substrates and from penetrating items foreign 
materials that could interfere with adhesion of penetration firestopping. 
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2. Clean opening substrates and penetrating items to produce clean, sound 
surfaces capable of developing optimum bond with penetration firestopping.  
Remove loose particles remaining from cleaning operation. 

3. Remove laitance and form-release agents from concrete. 

B. Priming:  Prime substrates where recommended in writing by manufacturer using that 
manufacturer's recommended products and methods.  Confine primers to areas of 
bond; do not allow spillage and migration onto exposed surfaces. 

C. Masking Tape:  Use masking tape to prevent penetration firestopping from contacting 
adjoining surfaces that will remain exposed on completion of the Work and that would 
otherwise be permanently stained or damaged by such contact or by cleaning methods 
used to remove stains.  Remove tape as soon as possible without disturbing 
firestopping's seal with substrates. 

3.3 INSTALLATION 

A. General:  Install penetration firestopping to comply with manufacturer's written 
installation instructions and published drawings for products and applications indicated. 

B. Install forming materials and other accessories of types required to support fill 
materials during their application and in the position needed to produce cross-sectional 
shapes and depths required to achieve fire ratings indicated. 

1. After installing fill materials and allowing them to fully cure, remove combustible 
forming materials and other accessories not indicated as permanent components 
of firestopping. 

C. Install fill materials for firestopping by proven techniques to produce the following 
results: 

1. Fill voids and cavities formed by openings, forming materials, accessories, and 
penetrating items as required to achieve fire-resistance ratings indicated. 

2. Apply materials so they contact and adhere to substrates formed by openings 
and penetrating items. 

3. For fill materials that will remain exposed after completing the Work, finish to 
produce smooth, uniform surfaces that are flush with adjoining finishes. 

3.4 IDENTIFICATION 

A. Identify penetration firestopping with preprinted metal or plastic labels.  Attach labels 
permanently to surfaces adjacent to and within 6 inches (150 mm) of firestopping edge 
so labels will be visible to anyone seeking to remove penetrating items or firestopping.  
Use mechanical fasteners or self-adhering-type labels with adhesives capable of 
permanently bonding labels to surfaces on which labels are placed.  Include the 
following information on labels: 

1. The words "Warning - Penetration Firestopping - Do Not Disturb.  Notify Building 
Management of Any Damage." 

2. Contractor's name, address, and phone number. 
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3. Designation of applicable testing and inspecting agency. 
4. Date of installation. 
5. Manufacturer's name. 
6. Installer's name. 

3.5 FIELD QUALITY CONTROL 

A. Owner will engage a qualified testing agency to perform tests and inspections. 

B. Where deficiencies are found or penetration firestopping is damaged or removed 
because of testing, repair or replace penetration firestopping to comply with 
requirements. 

C. Proceed with enclosing penetration firestopping with other construction only after 
inspection reports are issued and installations comply with requirements. 

3.6 CLEANING AND PROTECTION 

A. Clean off excess fill materials adjacent to openings as the Work progresses by 
methods and with cleaning materials that are approved in writing by penetration 
firestopping manufacturers and that do not damage materials in which openings occur. 

B. Provide final protection and maintain conditions during and after installation that ensure 
that penetration firestopping is without damage or deterioration at time of Substantial 
Completion.  If, despite such protection, damage or deterioration occurs, immediately 
cut out and remove damaged or deteriorated penetration firestopping and install new 
materials to produce systems complying with specified requirements. 

3.7 PENETRATION FIRESTOPPING SCHEDULE 

A. Where UL-classified systems are indicated, they refer to system numbers in UL's "Fire 
Resistance Directory" under product Category XHEZ. 

B. For penetrations in non-fire rated horizontal assemblies, smoke barriers, smoke 
partitions and smoke tight partitions, provide systems tested for 1 hour unless 
otherwise noted. 

C. Basis of Design Assemblies:  Subject to compliance with requirements, provide the 
design indicated below or a comparable UL design by one of manufacturer’s listed in 
Part 2 above.  

1. Schedule of construction components, type of penetrant, and U.L. Penetration 
Firestop Systems include, but are not limited to the following: 

2. Schedule of construction components, type of penetrant, and U.L. Penetration 
Firestop Systems include, but are not limited to the following: 

 P E N E T R A N T  
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Metal 
Conduit 

Cable 
Tray4 

Cables Non- 
Insul. 
Metal 
Pipe 

Insul. 
Pipe 

 

FR 
Polypro-
pylene 
Pipe 

 

Insul. 
Metal 
Duct 

GWB Stud 
Wall, or 
Shaft Wall  
up to 2 Hr 
Rating 

W-L- 
1001 

W-L- 
4004 

W-L- 
3001 

W-L- 
1001 

W-L- 
5011 

W-L- 
2002 

 

W-L-
7006 3 

CMU Wall 
up to 2 Hr 
Rating 

 
C-AJ 
1044 

 
C-AJ- 
 4003 

 
C-AJ- 
3030 

 
C-AJ- 
1044 

  
C-AJ- 
5001 

 
C-AJ- 
2001 

C-AJ- 
70033,
70163 

Concrete 
Floor / 
Metal Deck 
1 Hr Rated 
F and T-
Rating2 

 
C-AJ- 
1008 

 
N/A 

 
C-AJ- 
3029 

 
C-AJ- 
1008 

 
C-AJ- 
5002 

 
F-A- 
2002 

 
C-AJ- 
70095 

Concrete 
Floor / 
Metal Deck 
2 Hr Rated 
F and T-
Rating2 

 
C-AJ- 
1008 

 
N/A  

 
C-AJ- 
3029 

 
C-AJ- 
1008 

 
C-AJ- 
5060 

 
F-A- 
2002 

 

 
N/A 

Concrete  
Floor /  
Metal Deck 
up to 2 Hr 
F Rated1 

 
F-A- 
1002 

 
N/A 

 
C-AJ- 
3030 

 

 
C-AJ- 
1044 
 

 
C-AJ- 
5001 

 

 
F-A- 
2002 

 

 
N/A 

 

 
KEY TO NOTES 

1.   Penetration within wall cavity. 
2.   Penetration that does not fall within wall cavity, T-Rating required. 
3.   Up to 1 hour rating, submit engineered judgement firestopping system for this 

combination of penetrant, wall/floor assembly, and fire rating.  Install fire dampers in 
2-hour walls in accordance with manufacturer's instructions and testing agency 
requirements.  

4.   Where cable tray extends through wall. 
5 .  For floor penetrations not enclosed above and below the floor with shaft wall. 

D. Membrane Penetrations: 
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1. Firestop membrane penetrations by cables, pipes and conduit similar to through 
wall penetrations. 

2. Provide putty pad box wrap firestopping for membrane penetrations in rated walls 
for electrical back boxes over 16 sq. inches, where any back boxes are located 
within 24 inches horizontal of another back box, or when total area of back boxes 
exceeds 100 sq in. in 100 sq. ft. of wall area. 

E. Where another type of construction or penetrant is encountered, or if field conditions 
vary from those described in the U.L. System listed (i.e. annular space is 
greater/smaller, insulation type varies, etc.), provide firestopping systems which are 
appropriate, and U.L. tested, for that condition. 

END OF SECTION 078413 
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SECTION 078446 - FIRE-RESISTIVE JOINT SYSTEMS 

PART 1 - GENERAL  

1.1 SUMMARY  

A. Section Includes: 

1. Joints in or between fire-resistance-rated constructions. 
2. Joints in smoke barriers. 

B. Related Sections: 

1. Section 078413 "Penetration Firestopping" for penetrations in fire-resistance-
rated walls, horizontal assemblies, and smoke barriers. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Product Schedule:  For each fire-resistive joint system.  Include location and design 
designation of qualified testing agency. 

1. Where Project conditions require modification to a qualified testing agency's 
illustration for a particular fire-resistive joint system condition, submit illustration, 
with modifications marked, approved by fire-resistive joint system manufacturer's 
fire-protection engineer as an engineering judgment or equivalent fire-resistance-
rated assembly. 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 

B. Installer Certificates:  From Installer indicating fire-resistive joint systems have been 
installed in compliance with requirements and manufacturer's written 
recommendations. 

C. Product Test Reports:  Based on evaluation of comprehensive tests performed by a 
qualified testing agency, for fire-resistive joint systems. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications:  A firm experienced in installing fire-resistive joint systems 
similar in material, design, and extent to that indicated for this Project, whose work has 
resulted in construction with a record of successful performance.  Qualifications include 
having the necessary experience, staff, and training to install manufacturer's products 
per specified requirements.  Manufacturer's willingness to sell its fire-resistive joint 
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system products to Contractor or to Installer engaged by Contractor does not in itself 
confer qualification on buyer. 

B. Fire-Test-Response Characteristics:  Fire-resistive joint systems shall comply with the 
following requirements: 

1. Fire-resistive joint system tests are performed by a qualified testing agency 
acceptable to authorities having jurisdiction. 

2. Fire-resistive joint systems are identical to those tested per testing standard 
referenced in "Fire-Resistive Joint Systems" Article.  Provide rated systems 
complying with the following requirements: 
a. Fire-resistive joint system products bear classification marking of qualified 

testing agency. 
b. Fire-resistive joint systems correspond to those indicated by reference to 

designations listed by the following: 
1) UL in its "Fire Resistance Directory." 

C. Preinstallation Conference:  Conduct conference at Project site. 

1.5 PROJECT CONDITIONS 

A. Environmental Limitations:  Do not install fire-resistive joint systems when ambient or 
substrate temperatures are outside limits permitted by fire-resistive joint system 
manufacturers or when substrates are wet due to rain, frost, condensation, or other 
causes. 

B. Install and cure fire-resistive joint systems per manufacturer's written instructions using 
natural means of ventilation or, where this is inadequate, forced-air circulation. 

1.6 COORDINATION 

A. Coordinate construction of joints to ensure that fire-resistive joint systems are installed 
according to specified requirements. 

B. Coordinate sizing of joints to accommodate fire-resistive joint systems. 

C. Notify Owner's testing agency at least seven days in advance of fire-resistive joint 
system installations; confirm dates and times on day preceding each series of 
installations. 

PART 2 - PRODUCTS 

2.1 FIRE-RESISTIVE JOINT SYSTEMS 

A. Where required, provide fire-resistive joint systems that are produced and installed to 
resist spread of fire according to requirements indicated, resist passage of smoke and 
other gases, and maintain original fire-resistance rating of assemblies in or between 
which fire-resistive joint systems are installed.  Fire-resistive joint systems shall 
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accommodate building movements without impairing their ability to resist the passage 
of fire and hot gases. 

B. Joints in or between Fire-Resistance-Rated Construction:  Provide fire-resistive joint 
systems with ratings determined per ASTM E 1966 or UL 2079: 

1. Joints include those installed in or between fire-resistance-rated walls, floor or 
floor/ceiling assemblies and roofs or roof/ceiling assemblies. 

2. Fire-Resistance Rating:  Equal to or exceeding the fire-resistance rating of 
construction they will join. 

3.  Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Grace Construction Products. 
b. Hilti, Inc. 
c. RectorSeal Corporation. 
d. Specified Technologies Inc. 
e. 3M Fire Protection Products. 
f. Tremco, Inc.; Tremco Fire Protection Systems Group. 

C. Joints in Smoke Barriers:  Provide fire-resistive joint systems with ratings determined 
per UL 2079. 

1. L-Rating:  Not exceeding 5.0 cfm/ft (0.00775 cu. m/s x m) of joint at 0.30 inch wg 
(74.7 Pa) at both ambient and elevated temperatures. 

2. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Grace Construction Products. 
b. Hilti, Inc. 
c. Johns Manville. 
d. RectorSeal Corporation. 
e. Specified Technologies Inc. 
f. 3M Fire Protection Products. 
g. Tremco, Inc.; Tremco Fire Protection Systems Group. 

D. Exposed Fire-Resistive Joint Systems:  Provide products with flame-spread and 
smoke-developed indexes of less than 25 and 450, respectively, as determined per 
ASTM E 84. 

E. VOC Content:  Fire-resistive joint system sealants shall comply with the following limits 
for VOC content when calculated according to 40 CFR 59, Subpart D (EPA Method 
24): 

1. Architectural Sealants:  250 g/L. 
2. Sealant Primers for Nonporous Substrates:  250 g/L. 
3. Sealant Primers for Porous Substrates:  775 g/L. 

F. Accessories:  Provide components of fire-resistive joint systems, including primers and 
forming materials, that are needed to install fill materials and to maintain ratings 

http://www.specagent.com/LookUp/?ulid=5268&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456801262&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456801263&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456801268&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456801269&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456801270&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456801271&mf=04&src=wp
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required.  Use only components specified by fire-resistive joint system manufacturer 
and approved by the qualified testing agency for systems indicated. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions, with Installer present, for compliance with 
requirements for joint configurations, substrates, and other conditions affecting 
performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Cleaning:  Clean joints immediately before installing fire-resistive joint systems 
to comply with fire-resistive joint system manufacturer's written instructions and the 
following requirements: 

1. Remove from surfaces of joint substrates foreign materials that could interfere 
with adhesion of fill materials. 

2. Clean joint substrates to produce clean, sound surfaces capable of developing 
optimum bond with fill materials.  Remove loose particles remaining from 
cleaning operation. 

3. Remove laitance and form-release agents from concrete. 

B. Priming:  Prime substrates where recommended in writing by fire-resistive joint system 
manufacturer using that manufacturer's recommended products and methods.  Confine 
primers to areas of bond; do not allow spillage and migration onto exposed surfaces. 

C. Masking Tape:  Use masking tape to prevent fill materials of fire-resistive joint system 
from contacting adjoining surfaces that will remain exposed on completion of the Work 
and that would otherwise be permanently stained or damaged by such contact or by 
cleaning methods used to remove stains.  Remove tape as soon as possible without 
disturbing fire-resistive joint system's seal with substrates. 

3.3 INSTALLATION 

A. General:  Install fire-resistive joint systems to comply with manufacturer's written 
installation instructions and published drawings for products and applications indicated. 

B. Install forming materials and other accessories of types required to support fill 
materials during their application and in position needed to produce cross-sectional 
shapes and depths required to achieve fire ratings indicated. 

1. After installing fill materials and allowing them to fully cure, remove combustible 
forming materials and other accessories not indicated as permanent components 
of fire-resistive joint system. 
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C. Install fill materials for fire-resistive joint systems by proven techniques to produce the 
following results: 

1. Fill voids and cavities formed by joints and forming materials as required to 
achieve fire-resistance ratings indicated. 

2. Apply fill materials so they contact and adhere to substrates formed by joints. 
3. For fill materials that will remain exposed after completing the Work, finish to 

produce smooth, uniform surfaces that are flush with adjoining finishes. 

3.4 IDENTIFICATION 

A. Identify fire-resistive joint systems with preprinted metal or plastic labels.  Attach labels 
permanently to surfaces adjacent to and within 6 inches (150 mm) of joint edge so 
labels will be visible to anyone seeking to remove or penetrate joint system.  Use 
mechanical fasteners or self-adhering-type labels with adhesives capable of 
permanently bonding labels to surfaces on which labels are placed.  Include the 
following information on labels: 

1. The words "Warning - Fire-Resistive Joint System - Do Not Disturb.  Notify 
Building Management of Any Damage." 

2. Contractor's name, address, and phone number. 
3. Designation of applicable testing agency. 
4. Date of installation. 
5. Manufacturer's name. 
6. Installer's name. 

3.5 FIELD QUALITY CONTROL 

A. Inspecting Agency:  Owner will engage a qualified testing agency to perform tests and 
inspections. 

B. Where deficiencies are found or fire-resistive joint systems are damaged or removed 
due to testing, repair or replace fire-resistive joint systems so they comply with 
requirements. 

C. Proceed with enclosing fire-resistive joint systems with other construction only after 
inspection reports are issued and installations comply with requirements. 

3.6 CLEANING AND PROTECTING 

A. Clean off excess fill materials adjacent to joints as the Work progresses by methods 
and with cleaning materials that are approved in writing by fire-resistive joint system 
manufacturers and that do not damage materials in which joints occur. 

B. Provide final protection and maintain conditions during and after installation that ensure 
fire-resistive joint systems are without damage or deterioration at time of Substantial 
Completion.  If damage or deterioration occurs despite such protection, cut out and 
remove damaged or deteriorated fire-resistive joint systems immediately and install 
new materials to produce fire-resistive joint systems complying with specified 
requirements. 
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3.7 FIRE-RESISTIVE JOINT SYSTEM / FIRESTOP JOINT SYSTEM SCHEDULE  

A. Where UL-classified firestop joint systems are indicated, they refer to alphanumeric 
designations listed in UL's "Fire Resistance Directory" under product Category XHBN. 

 

Firestop Joint System 
Location  

Basis-
of-
Design 

Assembly 
Rating 

Nominal Joint 
Width 

Movement 
Capabilities 2  

Floor-to-Wall     

Rated concrete masonry wall 
construction intersection with 
adjacent floor construction 

FW-D-
1012, 
FW-D-
1013 

1 hour or  
2 hours1 

As indicated, or 
required by tested 
assembly 

Class  II 

Head-of-Wall     

Rated gypsum wall 
construction intersection with 
steel floor deck above 

HW-D-
0087, or 
HW-D-
0089 

1 hour or  
2 hours1 

As indicated, or 
required by tested 
assembly 

Class  II or III,  

Rated gypsum wall 
construction intersection with 
concrete floor deck above 

HW-D-
0083, 
HW-D-
209 

1 hour or  
2 hours1 

As indicated, or 
required by tested 
assembly 

Class  II 

Rated concrete masonry wall 
construction intersection with 
steel floor deck above 

HW-D-
0081, or 
HW-D-
0098 

1 hour or  
2 hours1 

As indicated, or 
required by tested 
assembly 

Class  II   

Rated concrete masonry wall 
construction intersection with 
concrete floor deck above 

HW-D-
0268, 
HW-D-
0097 

1 hour or  
2 hours1 

As indicated, or 
required by tested 
assembly 

Class  II    

Bottom-of-Wall     

Rated gypsum wall 
construction intersection with 
concrete floor 

BW-S-
0002 

1 hour or  
2 hours1 

As indicated, or 
required by tested 
assembly 

Static 

 
1. Rating to match wall construction.  
2. Class UL2079  

B. Where another type of construction is encountered, or if field conditions vary from 
those described in the U.L. System listed (i.e. annular space is greater/smaller, 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 

 078446 - 7                   FIRE-RESISTIVE JOINT SYSTEMS 

insulation type varies, etc.), provide firestopping systems which are appropriate, and 
U.L. tested, for that condition. 

END OF SECTION 078446 

ATTACHMENT: FIRESTOP JOINT SYSTEMS SUBMITTAL SHEET 
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3.8 FIRESTOP JOINT SYSTEMS SUBMITTAL SHEET 

A. HEAD-OF-WALL FIRESTOPPING:  Fill in the U.L. Design number and attach copy of 
U.L. Test.  Insert n/a if condition is not applicable. 

1. Gypsum wall construction intersection with floor deck above: _________.  
Gypsum wall construction intersection with roof deck above: _________. 

2. Concrete masonry wall construction intersection with floor deck above: 
_________. 

3. Concrete masonry wall construction intersection with roof deck above: 
_________. 

B. FLOOR-TO-WALL FIRESTOPPING:  Fill in the U.L. Design number and attach copy 
of U.L. Test.  Insert n/a if condition is not applicable. 

1. Concrete masonry wall construction intersection with adjacent floor construction: 
________. 

C. BOTTOM-OF-WALL FIRESTOPPING:  Fill in the U.L. Design number and attach copy 
of U.L. Test.  Insert n/a if condition is not applicable. 

1. Gypsum wall construction intersection with floor deck: _________.  Gypsum wall 
construction intersection with roof deck above: _________. 

2. Concrete masonry wall construction intersection with floor _________. 
3. Concrete masonry wall construction intersection with roof deck above: 

_________. 

D. CURTAIN WALL FIRESTOPPING:  Fill in the design number and copy test.  Insert n/a 
if condition is not applicable. 

1. Aluminum mullion and glass spandrel panel curtainwall intersection with adjacent 
floor construction:  

2. Gypsum sheathed curtainwall intersection with adjacent floor construction: 
________.  

E. OTHER:  Where another type of construction or penetrant is encountered, attach a 
separate sheet listing each condition and attach copy of the U.L. Test. 
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SECTION 079200 - JOINT SEALANTS

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes joint sealants for the following locations:

1. Interior joints in the following vertical surfaces and horizontal nontraffic surfaces:

a. Control and expansion joints on exposed interior surfaces of exterior walls.
b. Perimeter joints of exterior openings where indicated.
c. Perimeter joints between interior wall surfaces and frames of interior door

frames, and borrowed lite frames.
d. Joints between plumbing fixtures and adjoining walls, floors, and counters.
e. Joints between countertops and adjoining walls
f. Openings and joints in sound-rated partitions.
g. Other joints as indicated.

2. Interior joints in the following horizontal traffic surfaces:

a. Joints as indicated.

B. Related Sections include the following:

1. Sealants used in glazing are specified in Division 08 "Glazing."
2. Coordinate work of this section with all sections referencing it.

1.2 SYSTEM PERFORMANCE REQUIREMENTS

A. Provide elastomeric joint sealants that establish and maintain watertight and airtight
continuous joint seals without staining or deteriorating joint substrates.

B. Provide joint sealants for interior applications that establish and maintain airtight and
water-resistant continuous joint seals without staining or deteriorating joint substrates.

1.3 ACTION SUBMITTALS

A. Product Data:  For each joint-sealant product indicated.

B. Samples for initial selection purposes in form of manufacturer's standard bead samples,
consisting of strips of actual products showing full range of colors available, for each
product exposed to view.

C. Samples for verification purposes of each type and color of joint sealant required.  Install
joint sealant samples in 1/2-inch (13-mm)) wide joints formed between two 6-inch (150-
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mm) long strips of material matching the appearance of exposed surfaces adjacent to joint
sealants.

1.4 INFORMATIONAL SUBMITTALS

A. Certificates from manufacturers of joint sealants attesting that their products comply with
specification requirements and are suitable for the use indicated.

B. Qualification data complying with requirements specified in "Quality Assurance" article. 
Include list of completed projects with project names addresses, names of Architects and
Owners, plus other information specified.

C. Compatibility and adhesion test reports from elastomeric sealant manufacturer indicating
that materials forming joint substrates and joint sealant backings have been tested for
compatibility and adhesion with joint sealants.  Include sealant manufacturer's
interpretation of test results relative to sealant performance and recommendations for
primers and substrate preparation needed to obtain adhesion.

D. Product test reports for each type of joint sealants indicated, evidencing compliance with
requirements specified.

E. Preconstruction field test reports indicating which products and joint preparation methods
demonstrate acceptable adhesion to joint substrates.

F. Warranties:  Special warranties specified in this Section.

1.5 QUALITY ASSURANCE

A. Installer Qualifications:  Engage an installer who has successfully completed at least three
(3) joint sealer applications similar in type and size to that of this project within the last five
(5) years.  All workers used for work of this Section shall be experienced in the techniques
of sealant application and shall be completely familiar with the published recommenda-
tions of the manufacturer of the joint sealant materials being used.

B. Source Limitations:  Obtain each type of joint sealant through one source from a single
manufacturer.

C. Preconstruction Field Testing:  Prior to installation of joint sealants, field-test their
adhesion to joint substrates as follows:

1. Locate test joints where indicated or, if not indicated, as directed by Architect.
2. Conduct field tests for each application indicated below:

a. Each type of elastomeric sealant and joint substrate indicated.
b. Each type of non-elastomeric sealant and joint substrate indicated.

3. Notify Architect one week in advance of the dates and times when mock-ups will be
erected.

4. Arrange for tests to take place with joint sealant manufacturer's technical
representative present.
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5. Test Method:  Test joint sealants by hand pull method described below:
a. Install joint sealants in 60 inches (1500 mm)) joint lengths using same

materials and methods for joint preparation and joint sealant installation
required for completed Work.  Allow sealants to cure fully before testing.

b. Make knife cuts horizontally from one side of joint to the other followed by 2
vertical cuts approximately 2 inches (50 mm) long at side of joint and meeting
horizontal cut at top of 2-inch (50-mm) cuts.  Place a mark 1 inch (25 mm)
from top of 2-inch (50-mm) piece.

c. Use fingers to grasp 2-inch (50-mm) piece of sealant just above 1-inch (25-
mm) mark; pull firmly down at a 90-degree angle or more while holding a ruler
along side of sealant.  Pull sealant out of joint to the distance recommended
by sealant manufacturer for testing adhesive capability, but not less than that
equaling specified maximum movement capability in extension; hold this
position for 10 seconds.

6. Report whether or not sealant in joint connected to pulled-out portion failed to
adhere to joint substrates or tore cohesively.  Include data on pull distance used to
test each type of product and joint substrate.

7. Evaluation of Field Test Results:  Sealants not evidencing adhesive failure from
testing, in absence of other indications of noncompliance with requirements, will be
considered satisfactory.  Do not use sealants that fail to adhere to joint substrates
during testing.

D. Field-Constructed Mock-Ups:  Prior to installation of joint sealants, apply elastomeric
sealants as follows to verify selections made under sample submittals and to demonstrate
aesthetic effects as well as qualities of materials and execution:

1. Joints in field-constructed mock-ups of assemblies specified in other Sections that
are indicated to receive elastomeric joint sealants specified in this Section.

E. Pre-Installation Conference:  Conduct conference at Project site to comply with
requirements of the Division 01 Section covering this activity.

F. Random Field Tests: Periodically test sealants, in place, for adhesion, using methods
recommended by sealant manufacturer. Promptly replace any sealant that does not
adhere, fails to cure, or fails to perform as specified by the sealant manufacturer.

G. Field Water Test: Perform two field water tests on completed areas including as many
conditions as possible. If leakage occurs during testing, repair as required, and re-test
area and also test two additional locations.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Deliver materials to Project site in original unopened containers or bundles with labels
indicating manufacturer, product name and designation, color, expiration period for use,
pot life, curing time, and mixing instructions for multicomponent materials.
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B. Store and handle materials in compliance with manufacturer's recommendations to
prevent their deterioration or damage due to moisture, high or low temperatures,
contaminants, or other causes.

1.7 PROJECT CONDITIONS

A. Environmental Conditions:  Do not proceed with installation of joint sealants under the
following conditions:

1. When ambient and substrate temperature conditions are outside the limits permitted
by joint sealant manufacturer or below 40 deg F (4 deg C).

2. When joint substrates are wet.

B. Joint Width Conditions:  Do not proceed with installation of joint sealants where joint
widths are less than allowed by joint sealant manufacturer for application indicated.

C. Joint Substrate Conditions:  Do not proceed with installation of joint sealants until
contaminants capable of interfering with their adhesion are removed from joint substrates.

1.8 COORDINATION

A. Coordinate the work with all sections referencing this section.

1.9 WARRANTY

A. Special Installer's Warranty:  Installer's standard form in which Installer agrees to repair
or replace elastomeric joint sealants that do not comply with performance and other
requirements specified in this Section within specified warranty period.

1. Warranty Period:  Two years from date of Substantial Completion.

B. Manufacturer’s Warranty: Provide written warranty agreeing to repair or replace, at no
cost to Owner, defective materials for twenty (20) years, and workmanship for two (2)
years from the Date of Substantial Completion. Defective materials and workmanship shall
include, but are not limited to:

1. Deterioration, aging or weathering of the work;
2. Water leakage and/or air leakage;
3. Sealant loss of adhesion, loss of cohesion, cracking or discoloration;
4. Staining or discoloration of adjacent surfaces;
5. Joint failure due to building or joint movement up to the limits prescribed by the

manufacturer; 
6. Cracks or bubbles on sealant surface.

PART 2 - PRODUCTS

2.1 MATERIALS, GENERAL

079200 - 4 JOINT SEALANTS



2 November 2022 Chester Union Free School District
Construction Documents STEM Lab Alterations
SED #44-02-01-02-0-009-006 Chester Academy

A. Compatibility:  Provide joint sealants, joint fillers, and other related materials that are
compatible with one another and with joint substrates under conditions of service and
application, as demonstrated by sealant manufacturer based on testing and field
experience.

B. Colors:  Provide color of exposed joint sealants to comply with the following:

1. Provide selections made by Architect from manufacturer’s standards or custom
colors to match Architect's samples, as directed by Architect.

C. Additional Movement Capability:  Where additional movement capability is specified,
provide products with the capability, when tested for adhesion and cohesion under
maximum cyclic movement per ASTM C 719, to withstand the specified percentage
change in the joint width existing at time of installation and remain in compliance with
other requirements of ASTM C 920 for Uses indicated.

D. VOC Content of Interior Sealants:  Provide sealants and sealant primers for use inside the
weatherproofing system that comply with the following limits for VOC content when
calculated according to 40 CFR 59, Part 59, Subpart D (EPA Method 24):

1. Architectural Sealants:  250 g/L.
2. Sealant Primers for Nonporous Substrates:  250 g/L.
3. Sealant Primers for Porous Substrates:  775 g/L.

E. Stain-Test-Response Characteristics:  Where sealants are specified to be nonstaining to
porous substrates, provide products that have undergone testing according to
ASTM C 1248 and have not stained porous joint substrates indicated for Project

2.2 LATEX JOINT SEALANT 

A. Acrylic-Emulsion Sealant:  Manufacturer's standard, one part, nonsag, mildew-resistant,
paintable latex acrylic-emulsion sealant complying with ASTM C 834, formulated to be
paintable and recommended for exposed applications on interior locations involving joint
movement of not more than plus or minus 5 percent.

1. Available Products:  Subject to compliance with requirements, latex joint sealants
that may be incorporated in the Work include, but are not limited to, the following:
a. AC-20; Pecora Corporation.
b. Tremflex 834; Tremco.
c. ALEX PLUS; DAP .

B. Uses:  General interior use, paintable.

2.3 MILDEW-RESISTANT SILICONE JOINT SEALANT

A. Single-Component Mildew-Resistant Silicone Sealant:  Manufacturer's standard, non-
modified, one-part, silicone sealant; complying with ASTM C 920, Type S, Grade NS,
Class 25, Uses NT, G, A, and, as applicable to non-porous joint substrates indicated, O. 
Formulate sealant with fungicide and specifically intended for sealing interior joints with
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nonporous substrates and subject to in-service exposure to conditions of high humidity
and temperature extremes.

1. Available Products:  Subject to compliance with requirements, silicone joint sealants
that may be incorporated in the Work include, but are not limited to, the following:
a. 786 Mildew Resistant; Dow Corning.
b. Sanitary 1700; GE Silicones.
c. 898 Silicone Sanitary Sealant; Pecora Corporation.
d. Tremsil 600 White; Tremco.

B. Uses:  Interior use in wet locations, and all toilet and shower rooms.

2.4 POURABLE URETHANE JOINT SEALANT

A. Multicomponent Pourable Urethane Sealant:  Manufacturer's standard, non-modified, two-
part, urethane sealant; complying with ASTM C 920, Type M, Grade P, Class 25, Uses
T, M, A and, as applicable to joint substrates indicated, O.

1. Available Products:  Subject to compliance with requirements, urethane joint
sealants that may be incorporated in the Work include, but are not limited to, the
following:
a. NR-200 Urexpan, Pecora Corporation
b. Sikaflex 2c SL, Sika Corporation
c. Masterseal SL 2;  Master Builders Solutions Div., BASF

B. Uses: Interior or exterior use for level pavement or slab joints.

2.5 NONSAG URETHANE JOINT SEALANT

A. Multi-Part Non-Sag Urethane Sealant:  Except as otherwise indicated, provide
manufacturer's standard, non-modified, two-part, urethane sealant; complying with ASTM
C 920, Type M, Grade NS, Class 25, Uses T, M, A and, as applicable to joint substrates
indicated, O.

1. Available Products:  Subject to compliance with requirements, urethane joint
sealants that may be incorporated in the Work include, but are not limited to, the
following:
a. Sikaflex 2c NS; Sika Corp
b. Dynatred, Pecora Corporation
c. Masterseal NP 2;  Master Builders Solutions Div., BASF

B. Uses: Interior or exterior use for pavement or slab joints where slope exceeds one
percent.

2.6 ACOUSTICAL JOINT SEALANTS

A. Acoustical Sealant: Non-sag (gun grade), non-flammable, latex-based sealant designed
to limit sound transmission through interior STC-rated partitions. Sealant remains flexible
and adhered to metal, wood, plaster, gypsum, and concrete after drying.
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1. Maintains the STC rating of partitions with intersections and penetrations sealed
with product: Tested by independent, accredited, NVLAP facility according to ASTM
E 90.

2. Products: Provide one of the following:
a. QuietZone Acoustic Sealant by Owens Corning.
b. OSI GreenSeries SC-175 Draft & Acoustical Sound Sealant by Henkel

Corporation  
c. Pecora AIS-919: Acoustical and Insulation Latex Sealant by Pecora

Corporation
d. Smoke ‘N’ Sound Acoustical Sealant by Specified Technologies Inc. 

B. Uses: At penetrations through and intersections of sound-rated wall, floor and ceiling
assemblies in order to preserve their ability to reduce airborne sound impact noise
transmission.

2.7 JOINT SEALANT BACKING

A. General:  Provide sealant backings of material and type that are nonstaining; are
compatible with joint substrates, sealants, primers and other joint fillers; and are approved
for applications indicated by sealant manufacturer based on field experience and
laboratory testing.

B. Plastic Foam Joint Fillers:  Preformed, compressible, resilient, nonstaining, nonwaxing,
nonextruding strips of flexible plastic foam of material indicated below and of size, shape,
and density to control sealant depth and otherwise contribute to producing optimum
sealant performance:

1. Closed-cell polyethylene foam, nonabsorbent to liquid water and gas,
nonoutgassing in unruptured state.

2. Manufacturer:  Provide Cera-Rod manufactured by W.R. Meadows, Inc., or
equivalent.

C. Bond-Breaker Tape:  Polyethylene tape or other plastic tape as recommended by sealant
manufacturer for preventing sealant from adhering to rigid, inflexible joint filler materials
or joint surfaces at back of joint where such adhesion would result in sealant failure. 
Provide self-adhesive tape where applicable.

2.8 MISCELLANEOUS MATERIALS

A. Primer:  Material recommended by joint sealant manufacturer where required for adhesion
of sealant to joint substrates indicated, as determined from preconstruction joint sealant-
substrate tests and field tests.

B. Cleaners for Nonporous Surfaces:  Chemical cleaners acceptable to manufacturers of
sealants and sealant backing materials, free of oily residues or other substances capable
of staining or harming in any way joint substrates and adjacent nonporous surfaces, and
formulated to promote optimum adhesion of sealants with joint substrates.
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C. Masking Tape:  Nonstaining, nonabsorbent material compatible with joint sealants and
surfaces adjacent to joints.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine joints indicated to receive joint sealants, with Installer present, for compliance
with requirements for joint configuration, installation tolerances, and other conditions
affecting joint sealant performance.  Do not proceed with installation of joint sealants until
unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Surface Cleaning of Joints:  Clean out joints immediately before installing joint sealants
to comply with recommendations of joint sealant manufacturer and the following
requirements:

1. Remove all foreign material from joint substrates that could interfere with adhesion
of joint sealant, including dust, paints (except for permanent, protective coatings
tested and approved for sealant adhesion and compatibility by sealant
manufacturer), old joint sealants, oil, grease, waterproofing, water repellents, water,
surface dirt, and frost.

2. Clean concrete, masonry, unglazed surfaces of ceramic tile, and similar porous joint
substrate surfaces by brushing, grinding, blast cleaning, mechanical abrading, or
a combination of these methods to produce a clean, sound substrate capable of
developing optimum bond with joint sealants.  Remove loose particles remaining
from above cleaning operations by vacuuming or blowing out joints with oil-free
compressed air.

3. Remove laitance and form release agents from concrete.
4. Clean metal, glass, porcelain enamel, glazed surfaces of ceramic tile, and other

nonporous surfaces with chemical cleaners or other means that do not stain, harm
substrates, or leave residues capable of interfering with adhesion of joint sealants.

B. Joint Priming:  Prime joint substrates where indicated or where recommended by joint
sealant manufacturer based on preconstruction joint sealant-substrate tests or prior
experience.  Apply primer to comply with joint sealant manufacturer's recommendations. 
Confine primers to areas of joint sealant bond; do not allow spillage or migration onto
adjoining surfaces.

C. Masking Tape:  Use masking tape where required to prevent contact of sealant with
adjoining surfaces that otherwise would be permanently stained or damaged by such
contact or by cleaning methods required to remove sealant smears.  Remove tape
immediately after tooling without disturbing joint seal.

3.3 INSTALLATION OF JOINT SEALANTS
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A. General:  Comply with joint sealant manufacturer's printed installation instructions
applicable to products and applications indicated, except where more stringent
requirements apply.

B. Sealant Installation Standard:  Comply with recommendations of ASTM C 1193 for use
of joint sealants as applicable to materials, applications, and conditions indicated.

C. Installation of Sealant Backings:  Install sealant backings to comply with the following
requirements:

1. Install joint fillers of type indicated to provide support of sealants during application
and at position required to produce the cross-sectional shapes and depths of
installed sealants relative to joint widths that allow optimum sealant movement
capability.
a. Do not leave gaps between ends of joint fillers.
b. Do not stretch, twist, puncture, or tear joint fillers.
c. Remove absorbent joint fillers that have become wet prior to sealant

application and replace with dry material.

2. Install bond breaker tape between sealants where backer rods are not used
between sealants and joint fillers or back of joints.

D. Installation of Sealants:  Install sealants by proven techniques that result in sealants
directly contacting and fully wetting joint substrates, completely filling recesses provided
for each joint configuration, and providing uniform, cross-sectional shapes and depths
relative to joint widths that allow optimum sealant movement capability.  Install sealants
at the same time sealant backings are installed.

E. Tooling of Nonsag Sealants:  Immediately after sealant application and prior to time
skinning or curing begins, tool sealants to form smooth, uniform beads of configuration
indicated, to eliminate air pockets, and to ensure contact and adhesion of sealant with
sides of joint.  Remove excess sealants from surfaces adjacent to joint.  Do not use
tooling agents that discolor sealants or adjacent surfaces or are not approved by sealant
manufacturer.

1. Provide concave joint configuration per Figure 5A in ASTM C 1193, unless
otherwise indicated.
a. Use masking tape to protect adjacent surfaces of recessed tooled joints.

3.4 CLEANING

A. Clean off excess sealants or sealant smears adjacent to joints as work progresses by
methods and with cleaning materials approved by manufacturers of joint sealants and of
products in which joints occur.

3.5 PROTECTION

A. Protect joint sealants during and after curing period from contact with contaminating
substances or from damage resulting from construction operations or other causes so that
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they are without deterioration or damage at time of Substantial Completion.  If, despite
such protection, damage or deterioration occurs, cut out and remove damaged or
deteriorated joint sealants immediately so that and installations with repaired areas are
indistinguishable from original work.

END OF SECTION 079200
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SECTION 081113 - HOLLOW METAL DOORS AND FRAMES 

PART 1 - GENERAL  

1.1 SUMMARY  

A.  Section includes the following hollow-metal work: 

1. Steel door frames 
2. Fire-rated steel door frames. 
3. Sidelite, transom and borrowed lite frames.  

B. Related Requirements: 
 

1. Section 081416 “Flush Wood Doors” for doors for metal frames. 
2. Section 087100 "Door Hardware" for door hardware for hollow-metal doors. 

1.2 DEFINITIONS 

A. Minimum Thickness:  Minimum thickness of base metal without coatings according to 
SDI A250.8. 

1.3 COORDINATION 

A. Coordinate anchorage installation for hollow-metal frames.  Furnish setting drawings, 
templates, and directions for installing anchorages, including sleeves, concrete inserts, 
anchor bolts, and items with integral anchors.  Deliver such items to Project site in time 
for installation. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product. Include construction details, material 
descriptions, core descriptions, fire-resistance ratings, and finishes.  

B. Shop Drawings:  Include the following: 

1. Frame details for each frame type, including dimensioned profiles and metal 
thicknesses. 

2. Locations of reinforcement and preparations for hardware. 
3. Details of each different wall opening condition. 
4. Details of anchorages, joints, field splices, and connections. 
5. Details of accessories. 
6. Details of conduit and preparations for power, signal, and control systems. 

C. Schedule:  Provide a schedule of hollow-metal work prepared by or under the 
supervision of supplier, using same reference numbers for details and openings as those 
on Drawings.  Coordinate with final Door Hardware Schedule. 
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1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver hollow-metal work palletized, packaged, or crated to provide protection during 
transit and Project-site storage.  Do not use nonvented plastic. 

B. Deliver welded frames with two removable spreader bars across bottom of frames, tack 
welded to jambs and mullions. 

C. Store hollow-metal work vertically under cover at Project site with head up.  Place on 
minimum 4-inch- (102-mm-) high wood blocking.  Provide minimum 1/4-inch (6-mm) 
space between each stacked door to permit air circulation. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 

1. Ceco Door Products; an Assa Abloy Group company. 
2. Curries Company; an Assa Abloy Group company. 
3. Republic Doors and Frames; an Allegion group company. 
4. Steelcraft; an Allegion group company. 

B. Source Limitations:  Obtain hollow-metal work from single source from single 
manufacturer. 

2.2 PERFORMANCE REQUIREMENTS 

A. Fire-Rated Assemblies:  Complying with NFPA 80 and listed and labeled by a qualified 
testing agency acceptable to authorities having jurisdiction for fire-protection ratings 
indicated, based on testing at positive pressure according to NFPA 252 or UL 10C. 

B. Smoke- and Draft-Control Assemblies:  Provide an assembly with gaskets listed and 
labeled for smoke and draft control by a qualified testing agency acceptable to authorities 
having jurisdiction, based on testing according to UL 1784 and installed in compliance 
with NFPA 105. 

2.3 INTERIOR DOORS AND FRAMES 

A. Construct interior doors and frames to comply with the standards indicated for materials, 
fabrication, hardware locations, hardware reinforcement, tolerances, and clearances, 
and as specified.  

B. Extra-Heavy-Duty Frames:  SDI A250.8, Level 3.  Provide for interior frame locations. 

1. Physical Performance:  Level A according to SDI A250.4. 

http://www.specagent.com/LookUp/?ulid=5745&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456827229&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456827232&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456827258&mf=04&src=wp
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2. Materials:  Minimum thickness of 16 gage, 0.053 inch (1.3 mm), uncoated, steel 
sheet. 

3. Construction:  Full profile welded. 
4. Exposed Finish:  Prime painted. 

2.4 FRAME ANCHORS 

A. Jamb Anchors:.  

1. Stud-Wall Type:  Designed to engage stud, welded to back of frames; not less than 
0.042 inch (1.0 mm) thick. 

B. Floor Anchors:  Formed from same material as frames, minimum thickness of 0.042 inch 
(1.0 mm), and as follows: 

1. Monolithic Concrete Slabs:  Clip-type anchors, with two holes to receive fasteners. 
2. Separate Topping Concrete Slabs:  Adjustable-type anchors with extension clips, 

allowing not less than 2-inch (51-mm) height adjustment.  Terminate bottom of 
frames at finish floor surface. 

2.5 MATERIALS 

A. Cold-Rolled Steel Sheet:  ASTM A 1008/A 1008M, Commercial Steel (CS), Type B; 
suitable for exposed applications. 

B. Hot-Rolled Steel Sheet:  ASTM A 1011/A 1011M, Commercial Steel (CS), Type B; free 
of scale, pitting, or surface defects; pickled and oiled. 

C. Metallic-Coated Steel Sheet:  ASTM A 653/A 653M, Commercial Steel (CS), Type B. 

D. Frame Anchors:  ASTM A 879/A 879M, Commercial Steel (CS), 04Z (12G) coating 
designation; mill phosphatized. 

1. For anchors built into exterior walls, steel sheet complying with 
ASTM A 1008/A 1008M or ASTM A 1011/A 1011M, hot-dip galvanized according 
to ASTM A 153/A 153M, Class B. 

E. Inserts, Bolts, and Fasteners:  Hot-dip galvanized according to ASTM A 153/A 153M. 

F. Power-Actuated Fasteners in Concrete:  Fastener system of type suitable for application 
indicated, fabricated from corrosion-resistant materials, with clips or other accessory 
devices for attaching hollow-metal frames of type indicated. 

G. Bituminous Coating:  Cold-applied asphalt mastic, compounded for 15-mil (0.4-mm) dry 
film thickness per coat.  Provide inert-type noncorrosive compound free of asbestos 
fibers, sulfur components, and other deleterious impurities. 

2.6 FABRICATION 
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A. Fabricate hollow-metal work to be rigid and free of defects, warp, or buckle.  Accurately 
form metal to required sizes and profiles, with minimum radius for metal thickness.  
Where practical, fit and assemble units in manufacturer's plant.  To ensure proper 
assembly at Project site, clearly identify work that cannot be permanently factory 
assembled before shipment. 

B. Hollow-Metal Frames:  Where frames are fabricated in sections due to shipping or 
handling limitations, provide alignment plates or angles at each joint, fabricated of same 
thickness metal as frames. 

1. Sidelight and Transom Bar Frames:  Provide closed tubular members with no 
visible face seams or joints, fabricated from same material as door frame.  Fasten 
members at crossings and to jambs by butt welding. 

2. Provide countersunk, flat- or oval-head exposed screws and bolts for exposed 
fasteners unless otherwise indicated. 

3. Floor Anchors:  Weld anchors to bottoms of jambs with at least four spot welds per 
anchor; however, for slip-on drywall frames, provide anchor clips or countersunk 
holes at bottoms of jambs. 

4. Jamb Anchors:  Provide number and spacing of anchors as follows: 
a. Stud-Wall Type:  Locate anchors not more than 18 inches (457 mm) from 

top and bottom of frame.  Space anchors not more than 32 inches (813 mm) 
o.c. and as follows: 
1) Three anchors per jamb up to 60 inches (1524 mm) high. 
2) Four anchors per jamb from 60 to 90 inches (1524 to 2286 mm) high. 
3) Five anchors per jamb from 90 to 96 inches (2286 to 2438 mm) high. 
4) Five anchors per jamb plus one additional anchor per jamb for each 

24 inches (610 mm) or fraction thereof above 96 inches (2438 mm) 
high. 

 
b. Postinstalled Expansion Type:  Locate anchors not more than 6 inches (152 

mm) from top and bottom of frame.  Space anchors not more than 26 inches 
(660 mm) o.c. 

5. Head Anchors:  Two anchors per head for frames more than 42 inches (1067 mm) 
wide and mounted in metal-stud partitions. 

6. Door Silencers:  Except on weather-stripped frames, drill stops to receive door 
silencers as follows.  Keep holes clear during construction. 

a. Single-Door Frames:  Drill stop in strike jamb to receive three door silencers. 
b. Double-Door Frames:  Drill stop in head jamb to receive two door silencers. 

C. Fabricate concealed stiffeners and edge channels from either cold- or hot-rolled steel 
sheet. 

D. Hardware Preparation:  Factory prepare hollow-metal work to receive templated 
mortised hardware; include cutouts, reinforcement, mortising, drilling, and tapping 
according to SDI A250.6, the Door Hardware Schedule, and templates. 
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1. Reinforce doors and frames to receive nontemplated, mortised, and surface-
mounted door hardware. 

2. Comply with applicable requirements in SDI A250.6 and BHMA A156.115 for 
preparation of hollow-metal work for hardware.  

2.7 STEEL FINISHES 

A. Prime Finish:  Clean, pretreat, and apply manufacturer's standard primer. 

1. Shop Primer:  Manufacturer's standard, fast-curing, lead- and chromate-free 
primer complying with SDI A250.10; recommended by primer manufacturer for 
substrate; compatible with substrate and field-applied coatings despite prolonged 
exposure. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance of the 
Work. 

B. Examine roughing-in for embedded and built-in anchors to verify actual locations before 
frame installation. 

C. Prepare written report, endorsed by Installer, listing conditions detrimental to 
performance of the Work. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Remove welded-in shipping spreaders installed at factory.  Restore exposed finish by 
grinding, filling, and dressing, as required to make repaired area smooth, flush, and 
invisible on exposed faces. 

B. Drill and tap doors and frames to receive nontemplated, mortised, and surface-mounted 
door hardware. 

3.3 INSTALLATION 

A. General:  Install hollow-metal work plumb, rigid, properly aligned, and securely fastened 
in place.  Comply with Drawings and manufacturer's written instructions. 

B. Hollow-Metal Frames:  Install hollow-metal frames of size and profile indicated.  Comply 
with SDI A250.11 as required by standards specified. 
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1. Set frames accurately in position; plumbed, aligned, and braced securely until 
permanent anchors are set.  After wall construction is complete, remove temporary 
braces, leaving surfaces smooth and undamaged. 
a. At fire-rated openings, install frames according to NFPA 80. 
b. Where frames are fabricated in sections because of shipping or handling 

limitations, field splice at approved locations by welding face joint 
continuously; grind, fill, dress, and make splice smooth, flush, and invisible 
on exposed faces. 

c. Install frames with removable stops located on secure side of opening. 
d. Remove temporary braces necessary for installation only after frames have 

been properly set and secured. 
e. Check plumb, square, and twist of frames as walls are constructed.  Shim as 

necessary to comply with installation tolerances. 

2. Floor Anchors:  Provide floor anchors for each jamb and mullion that extends to 
floor, and secure with postinstalled expansion anchors. 

a. Floor anchors may be set with power-actuated fasteners instead of 
postinstalled expansion anchors if so indicated and approved on Shop 
Drawings. 

3. Metal-Stud Partitions:  Solidly pack mineral-fiber insulation inside frames. 
4. Installation Tolerances:  Adjust hollow-metal door frames for squareness, 

alignment, twist, and plumb to the following tolerances: 
a. Squareness:  Plus or minus 1/16 inch (1.6 mm), measured at door rabbet on 

a line 90 degrees from jamb perpendicular to frame head. 
b. Alignment:  Plus or minus 1/16 inch (1.6 mm), measured at jambs on a 

horizontal line parallel to plane of wall. 
c. Twist:  Plus or minus 1/16 inch (1.6 mm), measured at opposite face corners 

of jambs on parallel lines, and perpendicular to plane of wall. 
d. Plumbness:  Plus or minus 1/16 inch (1.6 mm), measured at jambs at floor. 

3.4 ADJUSTING AND CLEANING 

A. Final Adjustments:  Check and readjust operating hardware items immediately before 
final inspection.  Leave work in complete and proper operating condition.  Remove and 
replace defective work, including hollow-metal work that is warped, bowed, or otherwise 
unacceptable. 

B. Prime-Coat Touchup:  Immediately after erection, sand smooth rusted or damaged areas 
of prime coat and apply touchup of compatible air-drying, rust-inhibitive primer. 

END OF SECTION 081113 
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SECTION 081416 - FLUSH WOOD DOORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Solid-core doors with wood-veneer faces for transparent finish. 
2. Factory finishing flush wood doors. 
3. Factory fitting flush wood doors to frames and factory machining for hardware. 

B. Related Requirements:   
 

1. Division 08 Section "Hollow Metal Doors and Frames" for steel door frames. 
2. Division 08 Section "Glazing" for glass view panels in flush wood doors 

 

1.2 PREINSTALLATION MEETINGS 

A. Preinstallation Conference:  Conduct conference at Project site. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of door.  Include details of core and edge construction, 
louvers, and trim for openings.  Include factory-finishing specifications.  

B. Shop Drawings:  Indicate location, size, and hand of each door; elevation of each kind 
of door; construction details not covered in Product Data; and the following: 

1. Dimensions and locations of blocking. 
2. Dimensions and locations of mortises and holes for hardware. 
3. Dimensions and locations of cutouts. 
4. Undercuts. 
5. Requirements for veneer matching. 
6. Doors to be factory finished and finish requirements.  
7. Fire-protection ratings for fire-rated doors. 
8. Provide schedule of doors based on door schedule included in contract 

documents 

C. Samples for Initial Selection:  For factory-finished doors. 

D. Samples for Verification: 

1. Factory finishes applied to actual door face materials, approximately 8 by 10 
inches (200 by 250 mm), for each material and finish.  For each wood species 
and transparent finish, provide set of three Samples showing typical range of 
color and grain to be expected in finished Work. 
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2. Frames for light openings, 6 inches (150 mm) long, for each material, type, and 
finish required. 

3. Corner sections of doors, approximately 8 by 10 inches (200 by 250 mm), with 
door faces and edges representing actual materials to be used. 

a. Provide Samples for each species of veneer and solid lumber required. 
b. Finish veneer-faced door Samples with same materials proposed for 

factory-finished doors. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For door inspector. 

1. Fire-Rated Door Inspector: Submit documentation of compliance with NFPA 80, 
Section 5.2.3.1 

2. Egress Door Inspector: Submit documentation of compliance with NFPA 101, 
Section 7.2.1.15.4 

B. Sample Warranty:  For special warranty. 

C. Quality Standard Compliance Certificates:  AWI Quality Certification Program 
certificates. 

D. Field quality control reports. 

1.5 QUALITY ASSURANCE 

A. Fire-Rated Door Inspector Qualifications: Inspector for field quality-control inspections 
of fire-rated door assemblies complies with qualifications set forth in NFPA 80, Section 
5.2.3.1 

B. Egress Door Inspector Qualifications: Inspector for field quality-control inspections of 
egress door assemblies complies with qualifications set forth in NFPA 101, Section 
7.2.1.15.4 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Comply with requirements of referenced standard and manufacturer's written 
instructions. 

B. Package doors individually in plastic bags or cardboard cartons. 

C. Mark each door on top and bottom rail with opening number used on Shop Drawings. 

1.7 FIELD CONDITIONS 

A. Environmental Limitations:  Do not deliver or install doors until spaces are enclosed 
and weathertight, wet work in spaces is complete and dry, and HVAC system is 
operating and maintaining temperature between 60 and 90 deg F (16 and 32 deg C) 
and relative humidity between 25 and 55 percent during remainder of construction 
period. 
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1.8 WARRANTY 

A. Special Warranty:  Manufacturer agrees to repair or replace doors that fail in materials 
or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 
a. Warping (bow, cup, or twist) more than 1/4 inch (6.4 mm) in a 42-by-84-

inch (1067-by-2134-mm) section. 
b. Telegraphing of core construction in face veneers exceeding 0.01 inch in a 

3-inch (0.25 mm in a 76.2-mm) span. 

2. Warranty shall also include installation and finishing that may be required due to 
repair or replacement of defective doors. 

3. Warranty Period for Solid-Core Interior Doors:  Life of installation. 

B. Contractor's Responsibilities:  Replace doors where Contractor's work contributed to 
rejection or to voiding of manufacturer's warranty 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 

1. Marshfield – Algoma by Masonite Architectural 
2. Oshkosh Door Company. 
3. VT Industries, Inc. (formerly Eggers) 

B. Source Limitations:  Obtain flush wood doors from single manufacturer. 

2.2 FLUSH WOOD DOORS, GENERAL 

A. Quality Standard:  In addition to requirements specified, comply with AWI's, AWMAC's, 
and WI's "Architectural Woodwork Standards." 

1. Provide AWI Quality Certification Labels indicating that doors comply with 
requirements of grades specified. 

2. Contract Documents contain selections chosen from options in quality standard 
and additional requirements beyond those of quality standard.  Comply with 
those selections and requirements in addition to quality standard. 

B. Low-Emitting Materials:  Fabricate doors with adhesives and composite wood products 
that do not contain urea formaldehyde. 

C. Fire-Rated Wood Doors:  Doors complying with NFPA 80 that are listed and labeled by 
a qualified testing agency, for fire-protection ratings indicated, based on testing at 
positive pressure according to NFPA 252 or UL 10C.  After 5 minutes into the NFPA 
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252 test, the neutral pressure level in the furnace shall be established at 40 inches   
(1016 mm) or less above the sill. Provide “Category A” Positive Pressure Tested doors 
for all fire-rated wood doors. 

1. Oversize Fire-Rated Door Assemblies:  For units exceeding sizes of tested 
assemblies, provide certification by a qualified testing agency that doors comply 
with standard construction requirements for tested and labeled fire-rated door 
assemblies except for size. 

2. Cores:  Provide core specified or mineral core as needed to provide fire-
protection rating indicated. 

3. Edge Construction:  Provide edge construction with intumescent seals concealed 
by outer stile; UL category A.  Comply with specified requirements for exposed 
edges. 

4. Pairs:  Provide fire-retardant stiles that are listed and labeled for applications 
indicated without formed-steel edges and astragals.  Provide stiles with 
concealed intumescent seals.  Comply with specified requirements for exposed 
edges. 

D. Smoke- and Draft-Control Door Assemblies:  Listed and labeled for smoke and draft 
control, based on testing according to UL 1784. 

E. Particleboard-Core Doors: 

1. Particleboard:  ANSI A208.1,   Grade LD-2, made with binder containing no urea-
formaldehyde. 

2. Blocking:  Provide wood blocking in particleboard-core doors as follows:  
a. 5-inch (125-mm) top-rail blocking, in doors indicated to have closers. 
b. 5-inch (125-mm) bottom-rail blocking, in doors and doors indicated to have 

kick, mop, or armor plates. 
c. 4-1/2-by-10-inch (114-by-250-mm) lock blocks and 5-inch (125-mm) midrail 

blocking, in doors indicated to have exit devices. 

F. Structural-Composite-Lumber-Core Doors: 

1. Structural Composite Lumber:  WDMA I.S.10. 
a. Screw Withdrawal, Face:  700 lbf (3100 N). 
b. Screw Withdrawal, Edge:  400 lbf (1780 N). 

G. Mineral-Core Doors: 

1. Core:  Noncombustible mineral product complying with requirements of 
referenced quality standard and testing and inspecting agency for fire-protection 
rating indicated. 

2. Blocking:  Provide composite blocking with improved screw-holding capability 
approved for use in doors of fire-protection ratings indicated as needed to 
eliminate through-bolting hardware, and as follows: 
a. 5-inch (125-mm) top-rail blocking. 
b. 5-inch (125-mm) bottom-rail blocking, in doors indicated to have protection 

plates. 
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c. 5-inch (125-mm) midrail blocking, in doors indicated to have armor plates. 
d. 4-1/2-by-10-inch (114-by-250-mm) lock blocks and 5-inch (125-mm) midrail 

blocking, in doors indicated to have exit devices. 

3. Edge Construction:  At hinge stiles, provide laminated-edge construction with 
improved screw-holding capability and split resistance.  Comply with specified 
requirements for exposed edges. 
a. Screw-Holding Capability:  550 lbf (2440 N) per WDMA T.M.-10. 

2.3 VENEER-FACED DOORS FOR TRANSPARENT FINISH 

A. Interior Solid-Core Doors: 

1. Grade:  Custom, with Grade A faces. 
2. Species:  Maple. 
3. Cut:  Plain sliced. 
4. Match between Veneer Leaves:  Book match. 
5. Assembly of Veneer Leaves on Door Faces:   Balance match. 
6. Exposed Vertical Edges: Same species as faces - edge Type A  
7. Core:  

a. Non-Rated Doors:  Particleboard except provide doors with either glued-
wood-stave or structural-composite-lumber cores instead of particleboard 
cores for doors with full light or 2 lights  

b. Fire-Rated Doors: Mineral core. 
 

8. Construction:  Five plies.  Stiles and rails are bonded to core, then entire unit is 
abrasive planed before veneering.  Faces are bonded to core using a hot press. 

9. WDMA I.S.1-A Performance Grade:  Extra Heavy Duty  
10. Basis of Design Doors: Marshfield – Algoma Aspiro Series by Masonite 

Architectural, or equal. 

2.4 LIGHT FRAMES AND LOUVERS 

A. Wood Beads for Light Openings in Wood Doors:  Provide manufacturer's standard 
wood beads unless otherwise indicated. 

1. Wood Species:  Same species as door faces. 
2. Profile:  Manufacturer's standard shape. 
3. At wood-core doors with 20-minute fire-protection ratings, provide wood beads 

and metal glazing clips approved for such use. 

B. Wood-Veneered Beads for Light Openings in Fire-Rated Doors:  Manufacturer's 
standard wood-veneered noncombustible beads matching veneer species of door 
faces and approved for use in doors of fire-protection rating indicated.  Include 
concealed metal glazing clips where required for opening size and fire-protection rating 
indicated. 
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2.5 FABRICATION 

A. Factory fit doors to suit frame-opening sizes indicated.  Comply with clearance 
requirements of referenced quality standard for fitting unless otherwise indicated. 

B. Align and fit doors in frames with uniform clearances and bevels as indicated below.  
Machine doors for hardware.  Seal edges of doors, edges of cutouts, and mortises 
after fitting and machining. 

1. Clearances:  Provide 1/8 inch (3.2 mm) at heads, jambs, and between pairs of 
doors.  Provide 1/8 inch (3.2 mm) from bottom of door to top of decorative floor 
finish or covering unless otherwise indicated.  Where threshold is shown or 
scheduled, provide 5/8 inch (16 mm) from bottom of door to top of threshold 
unless otherwise indicated.  
a. Comply with NFPA 80 for fire-rated doors. 

2. Bevel non-fire-rated doors 1/8 inch in 2 inches (3-1/2 degrees) at lock and hinge 
edges. 

3. Bevel fire-rated doors 1/8 inch in 2 inches (3-1/2 degrees) at lock edge; trim stiles 
and rails only to extent permitted by labeling agency. 

C. Factory machine doors for hardware that is not surface applied.  Locate hardware to 
comply with DHI-WDHS-3.  Comply with final hardware schedules, door frame Shop 
Drawings, BHMA-156.115-W, and hardware templates. 

D. Coordinate with hardware mortises in metal frames to verify dimensions and alignment 
before factory machining. Openings:  Factory cut and trim openings through doors.  

1. Light Openings:  Trim openings with moldings of material and profile indicated. 
2. Glazing:  Factory install glazing in doors indicated to be factory finished.  Comply 

with applicable requirements in Division 08 Section "Glazing.” 

2.6 FACTORY FINISHING 

A. General:  Comply with referenced quality standard for factory finishing.  Complete 
fabrication, including fitting doors for openings and machining for hardware that is not 
surface applied, before finishing. 

1. Finish faces, all four edges, edges of cutouts, and mortises.  Stains and fillers 
may be omitted on bottom edges, edges of cutouts, and mortises. 

B. Factory finish doors. 

C. Transparent Finish: 

1. Grade:  Premium. 
2. Finish:  WDMA TR-6 and AWS system 11 catalyzed polyurethane. 
3. Staining:  As selected by Architect for each wood species. 
4. Effect:  Semifilled finish, produced by applying an additional finish coat to partially 

fill the wood pores. 
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5. Sheen:  Satin 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine doors and installed door frames, with Installer present, before hanging doors. 

1. Verify that installed frames comply with indicated requirements for type, size, 
location, and swing characteristics and have been installed with level heads and 
plumb jambs. 

2. Reject doors with defects. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Hardware:  For installation, see Division 08 Section "Door Hardware."  

B. Installation Instructions:  Install doors to comply with manufacturer's written instructions 
and referenced quality standard, and as indicated.  

1. Install fire-rated doors according to NFPA 80. 
2. Install smoke- and draft-control doors according to NFPA 105. 

C. Factory-Fitted Doors:  Align in frames for uniform clearance at each edge. 

D. Factory-Finished Doors:  Restore finish before installation if fitting or machining is 
required at Project site. 

3.3 FIELD QUALITY CONTROL 

A. Inspection Agency: Engage a qualified inspector to perform inspections and 
commissioning activities and to furnish reports to Architect. 

B. Inspections: 

1. Fire-Rated Door Inspections: Inspect each fire-rated door according to NFPA 80, 
Section 5.2. 

2. Egress Door Inspections: Inspect each door equipped with panic hardware, each 
door equipped with fire exit hardware, each door located in an exit enclosure, 
each electrically controlled egress door, and each door equipped with special 
locking arrangements in accordance with NFPA 101, Section 7.2.1.15. 

C. Repair or remove and replace installations where inspections indicate that they do not 
comply with specified requirements. 

D. Reinspect repaired or replaced installations to determine if replaced or repaired door 
assembly installations comply with specified requirements. 
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E. Prepare and submit separate inspection report for each fire-rated door assembly 
indicating compliance with each item listed in NFPA 80. 

F. Prepare and submit separate inspection report for each egress door assembly 
indicating compliance with each item listed in NFPA 101. 

3.4 ADJUSTING 

A. Operation:  Rehang or replace doors that do not swing or operate freely. 

B. Finished Doors:  Replace doors that are damaged or that do not comply with 
requirements.  Doors may be repaired or refinished if Work complies with requirements 
and shows no evidence of repair or refinishing. 

END OF SECTION 081416 



2 November 2022     Chester Union Free School District 
Construction Documents    STEM Lab Alterations 
SED #44-02-01-02-0-009-006    Chester Academy 
 

  
                                                                       083113 - 1 ACCESS DOORS AND FRAMES 
 

SECTION 083113 - ACCESS DOORS AND FRAMES 

PART 1 - GENERAL  

1.1  SUMMARY  

A.  Section Includes: 
 

1. Wall access doors and frames for interior locations. 
2. Fire-rated wall access doors and frames for interior locations 
3. Ceiling access doors and frames for interior locations. 
4. Fire-rated ceiling access doors and frames for interior locations. 

B. Locations and Quantities of Access Doors:  Not all access doors are shown on the 
Drawings.  It is the intent of this section that access doors be provided wherever access is 
required for operation and maintenance of concealed equipment, dampers, valves, 
controls or similar devices. 

C. Cylinders for access doors are specified in Division 08 Section "Door Hardware." 

D. Related Requirements: 
 

1. Division 07 Section "Roof Accessories" for roof hatches. 
2. Division 23 Section "Air Duct Accessories" for heating and air-conditioning duct 

access doors. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product. Include construction details, fire ratings, 
materials, individual components and profiles, and finishes. 

B. Shop Drawings: 
 

1. Include plans, elevations, sections, details, and attachments to other work. 
2. Detail fabrication and installation of access doors and frames for each type of 

substrate. 

C. Samples:  For each door face material, at least 3 by 5 inches (75 by 125 mm) in size, in 
specified finish. 

D. Product Schedule:  Provide complete access door and frame schedule, including types, 
locations, sizes, latching or locking provisions, and other data pertinent to installation. 

1.3 COORDINATION 

A. Verification:  Determine specific locations and sizes for access doors needed to gain 
access to concealed equipment, and indicate on schedule specified in "Submittals" Article 

PART 2 - PRODUCTS 
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2.1 PERFORMANCE REQUIREMENTS 

A. Fire-Rated Access Doors and Frames:  Units complying with NFPA 80 that are identical to 
access door and frame assemblies tested for fire-test-response characteristics according 
to the following test method and that are listed and labeled by UL or another testing and 
inspecting agency acceptable to authorities having jurisdiction: 

 
1. NFPA 252 or UL 10B for fire-rated access door assemblies installed vertically. 
2. NFPA 288 for fire-rated access door assemblies installed horizontally. 

2.2 PRODUCTS, GENERAL 

A. Source Limitations:  Obtain each type of access door and frame from single source from 
single manufacturer. 

2.3 ACCESS DOORS AND FRAMES FOR WALLS AND CEILINGS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 

 
1. Babcock-Davis. 
2. J. L. Industries, Inc.; Div. of Activar Construction Products Group. 
3. Karp Associates, Inc. 
4. Larsen's Manufacturing Company. 
5. Milcor Inc. 
6. Nystrom, Inc. 

B. Flush Access Doors, with Exposed Trim, for CMU Surfaces:  Units consisting of frame 
with exposed trim, door, hardware, and complying with the following requirements 

 
1. Basis-of-Design Product: Karp Model DSC-214M, Universal Flush Access Door. 
2. Assembly Description:  Fabricate door to fit flush to frame.  Provide flange integral 

with frame, 3/4 inch (19 mm) wide, overlapping surrounding finished surface.  
3. Locations: Provide at non-rated concrete block walls.  
4. Uncoated Steel Sheet for Door:  Nominal 0.074 inch (1.9 mm), 14 gage. 

a. Finish: Factory prime. 
 

5. Stainless-Steel Sheet for Door for Toilet Rooms, Shower Rooms, and Other Wet 
Areas:    Nominal 0.074 inch (1.9 mm), 14 gage; No. 4 finish. 

6. Frame Material:  Nominal 0.060 inch (1.52 mm), 16 gage 
7. Hinges: Concealed continuous piano hinge. 
8. Latches:  Self-latching key-operated bolt type, with interior release; for locking. 

C. Trimless, Flush Access Doors for Gypsum Board  Surfaces:  Units consisting of frame, 
concealed edge trim, door, hardware, and complying with the following requirements:  

 
1. Basis-of-Design Product: Karp KDW for drywall  
2. Assembly Description:  Fabricate door to fit flush to frame.  Provide frame with 

gypsum board beads for concealed flange installation. 

http://www.specagent.com/LookUp/?uid=123456789430&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456811481&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456789432&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456811487&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456789437&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456789439&mf=04&src=wp
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3. Locations:  Provide at non-rated gypsum board walls and ceilings. 
4. Uncoated Steel Sheet for Door:  Nominal 0.074 inch (1.9 mm), 14 gage. 

a. Finish: Factory prime. 
 

5. Stainless-Steel Sheet for Door for Toilet Rooms, Shower Rooms, and Other Wet 
Areas:    Nominal 0.074 inch (1.9 mm), 14 gage; No. 4 finish. 

6. Frame Material: Nominal 0.060 inch (1.52 mm), 16 gage. 
7. Hinges: Concealed continuous piano hinge. 
8. Latches:  Self-latching key-operated bolt type, with interior release; for locking. 

D. Recessed Doors for Acoustical Ceiling Tiles:  Units consisting of frame with no exposed 
trim, recessed door to receive tile, hardware, and complying with the following 
requirements. 
1. Basis-of-Design Product: Karp, Model DSC-210, Recessed Acoustical Ceiling Tile 

Access Doors. 
2. Locations: Provide at non-rated acoustical ceilings tiles. 
3. Uncoated Steel Sheet for Door:  Nominal 0.060 inch (1.52 mm), 16 gage thick steel 

sheet; recessed 1-inch (25.4 mm). 
a. Finish: Factory prime. 

4. Stainless-Steel Sheet for Door for Toilet Rooms, Shower Rooms, and Other Wet 
Areas: Nominal 0.060 inch (1.52 mm), 16 gage; No. 4 finish. 

5. Frame Material: Nominal 0.074 inch (1.9 mm), 14 gage. 
6. Hinges: Concealed, pivoting-rod type. 
7. Latches:  Self-latching key-operated bolt type, with interior release; for locking. 

E. Insulated, Fire-Rated Access Doors for Drywall Walls and Ceilings:  Units consisting of 
frame with gypsum board bead concealed edge trim, self-latching insulated door, and 
hardware, and complying with the following requirements:  

 
1. Basis-of-Design Product: Karp, Model KRP-350FR, Insulated Fire Rated Access 

Door, with Drywall Bead, for Walls and Ceilings.  
2. Assembly Description:  Fabricate door to fit flush to frame, with a core of mineral-

fiber insulation enclosed in sheet metal.  Provide self-latching door with automatic 
closer and interior latch release.   

3. Locations:  Provide at rated gypsum board walls and ceilings. 
4. Fire-Resistance Ratings:   

a. Walls: 1-1/2 hours. 
b. Ceilings: 3 hours.  

 
5. Uncoated Steel Sheet for Door:  20 ga., 0.0359-inch-  (0.91-mm-) thick steel sheet, 

welded pan type, filled with 2-inch (50 mm) thick fire-rated mineral-fiber insulation. 
a. Finish: Factory prime. 

 
6. Stainless-Steel Sheet for Door for Toilet Rooms, Shower Rooms, and Other Wet 

Areas: Same gage and style as steel door; with No. 4 finish. 
7. Frame Material:  16 ga., 0.0598-inch- (1.52-mm-) thick steel sheet, 1-inch (25.4 

mm) wide, surrounded by galvanized drywall bead. 
8. Hinges: Concealed continuous piano hinge.  
9. Hardware: Self-latching key-operated bolt type, with interior release; for locking. 
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F. Insulated, Fire-Rated Access Doors for CMU Walls:  Units consisting of frame with 
exposed edge trim, self-latching insulated door, and hardware, and complying with the 
following requirements:  

 
1. Basis-of-Design Product: Karp, Model KRP-150FR, Insulated Fire Rated Access 

Door, with Exposed Flange, for Walls and Ceilings. 
2. Assembly Description:  Fabricate door to fit flush to frame, with a core of mineral-

fiber insulation enclosed in sheet metal.  Provide flange integral with frame, 1 inch 
(25 mm) wide, overlapping surrounding finished surface. Provide self-latching door 
with automatic closer and interior latch release.   

3. Locations:  Provide at rated concrete block walls. 
4. Fire-Resistance Ratings:   

a. Walls: 1-1/2 hours. 
 

5. Uncoated Steel Sheet for Door:  20 ga., 0.0359-inch- (0.91-mm-) thick steel sheet, 
welded pan type, filled with 2-inch (50 mm) thick fire-rated mineral-fiber insulation. 
a. Finish: Factory prime. 

 
6. Stainless-Steel Sheet for Door for Toilet Rooms, Shower Rooms, and Other Wet 

Areas: Same gage and style as steel door; with No. 4 finish. 
7. Frame Material:  16 ga., 0.0598-inch-  (1.52-mm-) thick steel sheet, 1-inch (25.4 

mm) wide exposed trim. 
8. Hinges: Concealed continuous piano hinge.  
9. Hardware: Self-latching key-operated bolt type, with interior release; for locking.  

G. Hardware: 
 

1. Lock:  Cylinder, keyed alike for project  
2. Lock for Fire Rated Access Doors: Rim cylinder. 

a. Lock Preparation:  Prepare door panel to accept cylinder specified in Section 
087100 "Door Hardware." 

2.4 MATERIALS 

A. Steel Plates, Shapes, and Bars:  ASTM A 36/A 36M. 

B. Steel Sheet:  Uncoated or electrolytic zinc coated, ASTM A 879/A 879M, with cold-rolled 
steel sheet substrate complying with ASTM A 1008/A 1008M, Commercial Steel (CS), 
exposed. 

C. Metallic-Coated Steel Sheet:  ASTM A 653/A 653M, Commercial Steel (CS), Type B; with 
minimum G60 (Z180) or A60 (ZF180) metallic coating. 

D. Stainless-Steel Sheet, Strip, Plate, and Flat Bars:  ASTM A 666, Type 304.  Remove tool 
and die marks and stretch lines or blend into finish.  

E. Frame Anchors:  Same type as door face. 

F. Inserts, Bolts, and Anchor Fasteners:  Hot-dip galvanized steel according to ASTM A 
153/A 153M or ASTM F 2329. 
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2.5 FABRICATION 

A. General:  Provide access door and frame assemblies manufactured as integral units 
ready for installation. 

B. Metal Surfaces:  For metal surfaces exposed to view in the completed Work, provide 
materials with smooth, flat surfaces without blemishes.  Do not use materials with 
exposed pitting, seam marks, roller marks, rolled trade names, or roughness. 

C. Doors and Frames:  Grind exposed welds smooth and flush with adjacent surfaces.  
Furnish attachment devices and fasteners of type required to secure access doors to 
types of supports indicated. 

 
1. For concealed flanges with drywall bead, provide edge trim for gypsum board 

securely attached to perimeter of frames. 
2. For concealed flanges with plaster bead for full-bed plaster applications, provide 

zinc-coated expanded metal lath and exposed casing bead welded to perimeter of 
frames. 

3. Provide mounting holes in frames for attachment of units to metal or wood framing. 
4. Provide mounting holes in frame for attachment of masonry anchors. 

D. Recessed Access Doors:  Form face of panel to provide recess for application of applied 
finish.  Reinforce panel as required to prevent buckling. 

E. Latching Mechanisms:  Furnish number required to hold doors in flush, smooth plane 
when closed. 

 
1. Non-Rated Doors: For cylinder locks, furnish two keys per lock and key all locks 

alike. 
2. Fire-Rated Doors: Cylinder and keys are specified in Section 087100 "Door 

Hardware." 

2.6 FINISHES 

A. Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for 
recommendations for applying and designating finishes. 

B. Protect mechanical finishes on exposed surfaces from damage by applying a strippable, 
temporary protective covering before shipping. 

C. Appearance of Finished Work:  Noticeable variations in same piece are not acceptable.  
Variations in appearance of adjoining components are acceptable if they are within the 
range of approved Samples and are assembled or installed to minimize contrast. 

D. Steel and Metallic-Coated-Steel Finishes: 
 

1. Factory Prime:  Apply manufacturer's standard, VOC-free, electrostatic-applied 
powder coat finish immediately after surface preparation and pretreatment. 

E. Stainless-Steel Finishes: 
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1. Surface Preparation:  Remove tool and die marks and stretch lines, or blend into 

finish. 
2. Polished Finishes:  Grind and polish surfaces to produce uniform finish, free of 

cross scratches. 
a. Run grain of directional finishes with long dimension of each piece. 
b. When polishing is completed, passivate and rinse surfaces.  Remove 

embedded foreign matter and leave surfaces chemically clean. 
c. Directional Satin Finish:  No. 4. 

 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates for compliance with requirements for installation tolerances and other 
conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Comply with manufacturer's written instructions for installing access doors and frames. 

B. Set frames accurately in position and attach securely to supports with plane of face 
panels aligned with adjacent finish surfaces. 

C. Install doors flush with adjacent finish surfaces or recessed to receive finish material. 

3.3 ADJUSTING 

A. Adjust doors and hardware, after installation, for proper operation. 

B. Remove and replace doors and frames that are warped, bowed, or otherwise damaged. 

 

END OF SECTION 083113 
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SECTION 087100 - DOOR HARDWARE  

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes commercial door hardware for the following: 

1. Swinging doors. 
2. Other doors to the extent indicated. 

B. Door hardware includes, but is not necessarily limited to, the following: 

1. Mechanical door hardware. 
2. Cylinders specified for doors in other sections. 

C. Related Sections: 

1. Division 08 Section “Hollow Metal Doors and Frames”. 
2. Division 08 Section “Aluminum-Framed Entrances and Storefronts”. 

D. Codes and References: Comply with the version year adopted by the Authority Having 
Jurisdiction. 

1. ANSI A117.1 - Accessible and Usable Buildings and Facilities. 
2. ICC/IBC - International Building Code. 
3. NFPA 70 - National Electrical Code. 
4. NFPA 80 - Fire Doors and Windows. 
5. NFPA 101 - Life Safety Code. 
6. NFPA 105 - Installation of Smoke Door Assemblies. 
7. State Building Codes, Local Amendments. 

E. Standards: All hardware specified herein shall comply with the following industry 
standards as applicable. Any undated reference to a standard shall be interpreted as 
referring to the latest edition of that standard: 

1. ANSI/BHMA Certified Product Standards - A156 Series. 
2. UL10C - Positive Pressure Fire Tests of Door Assemblies. 
3. ANSI/UL 294 - Access Control System Units. 
4. UL 305 - Panic Hardware. 
5. ANSI/UL 437- Key Locks. 
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1.2 SUBMITTALS 

A. Product Data: Manufacturer's product data sheets including installation details, material 
descriptions, dimensions of individual components and profiles, operational 
descriptions and finishes. 

B. Door Hardware Schedule: Prepared by or under the supervision of supplier, detailing 
fabrication and assembly of door hardware, as well as procedures and diagrams. 
Coordinate the final Door Hardware Schedule with doors, frames, and related work to 
ensure proper size, thickness, hand, function, and finish of door hardware. 

1. Format: Comply with scheduling sequence and vertical format in DHI's 
"Sequence and Format for the Hardware Schedule." 

2. Organization: Organize the Door Hardware Schedule into door hardware sets 
indicating complete designations of every item required for each door or opening. 
Organize door hardware sets in same order as in the Door Hardware Sets at the 
end of Part 3. Submittals that do not follow the same format and order as the 
Door Hardware Sets will be rejected and subject to resubmission. 

3. Content: Include the following information: 

a. Type, style, function, size, label, hand, and finish of each door hardware 
item. 

b. Manufacturer of each item. 
c. Fastenings and other pertinent information. 
d. Location of door hardware set, cross-referenced to Drawings, both on floor 

plans and in door and frame schedule. 
e. Explanation of abbreviations, symbols, and codes contained in schedule. 
f. Mounting locations for door hardware. 
g. Door and frame sizes and materials. 
h. Warranty information for each product. 

4. Submittal Sequence: Submit the final Door Hardware Schedule at earliest 
possible date, particularly where approval of the Door Hardware Schedule must 
precede fabrication of other work that is critical in the Project construction 
schedule. Include Product Data, Samples, Shop Drawings of other work affected 
by door hardware, and other information essential to the coordinated review of 
the Door Hardware Schedule. 

C. Keying Schedule: After a keying meeting with the owner has taken place prepare a 
separate keying schedule detailing final instructions. Submit the keying schedule in 
electronic format. Include keying system explanation, door numbers, key set symbols, 
hardware set numbers and special instructions. Owner must approve submitted keying 
schedule prior to the ordering of permanent cylinders/cores. 

D. Informational Submittals: 
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1. Product Test Reports: Indicating compliance with cycle testing requirements, 
based on evaluation of comprehensive tests performed by manufacturer and 
witnessed by a qualified independent testing agency. 

E. Operating and Maintenance Manuals: Provide manufacturers operating and 
maintenance manuals for each item comprising the complete door hardware 
installation in quantity as required in Division 01, Closeout Procedures. 

1.3 QUALITY ASSURANCE 

A. Manufacturers Qualifications: Engage qualified manufacturers with a minimum 5 years 
of documented experience in producing hardware and equipment similar to that 
indicated for this Project and that have a proven record of successful in-service 
performance. 

B. Certified Products: Where specified, products must maintain a current listing in the 
Builders Hardware Manufacturers Association (BHMA) Certified Products Directory 
(CPD). 

C. Installer Qualifications: A minimum 3 years documented experience installing both 
standard and electrified door hardware similar in material, design, and extent to that 
indicated for this Project and whose work has resulted in construction with a record of 
successful in-service performance. 

D. Door Hardware Supplier Qualifications: Experienced commercial door hardware 
distributors with a minimum 5 years documented experience supplying both 
mechanical and electromechanical hardware installations comparable in material, 
design, and extent to that indicated for this Project. Supplier recognized as a factory 
direct distributor by the manufacturers of the primary materials with a warehousing 
facility in Project's vicinity. Supplier to have on staff a certified Architectural Hardware 
Consultant (AHC) available during the course of the Work to consult with Contractor, 
Architect, and Owner concerning both standard and electromechanical door hardware 
and keying. 

E. Source Limitations: Obtain each type and variety of door hardware specified in this 
section from a single source unless otherwise indicated. 

1. Electrified modifications or enhancements made to a source manufacturer's 
product line by a secondary or third party source will not be accepted. 

F. Each unit to bear third party permanent label demonstrating compliance with the 
referenced standards. 

G. Keying Conference: Conduct conference to comply with requirements in Division 01 
Section "Project Meetings." Keying conference to incorporate the following criteria into 
the final keying schedule document: 

1. Function of building, purpose of each area and degree of security required. 
2. Plans for existing and future key system expansion. 
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3. Requirements for key control storage and software. 
4. Installation of permanent keys, cylinder cores and software. 
5. Address and requirements for delivery of keys. 

H. Pre-Submittal Conference: Conduct coordination conference in compliance with 
requirements in Division 01 Section "Project Meetings" with attendance by 
representatives of Supplier(s), Installer(s), and Contractor(s) to review proper methods 
and the procedures for receiving, handling, and installing door hardware. 

1. Prior to installation of door hardware, conduct a project specific training meeting 
to instruct the installing contractors' personnel on the proper installation and 
adjustment of their respective products. Product training to be attended by 
installers of door hardware (including electromechanical hardware) for aluminum, 
hollow metal and wood doors. Training will include the use of installation 
manuals, hardware schedules, templates and physical product samples as 
required. 

2. Inspect and discuss electrical roughing-in, power supply connections, and other 
preparatory work performed by other trades. 

3. Review sequence of operation narratives for each unique access controlled 
opening. 

4. Review and finalize construction schedule and verify availability of materials. 
5. Review the required inspecting, testing, commissioning, and demonstration 

procedures 

I. At completion of installation, provide written documentation that components were 
applied to manufacturer's instructions and recommendations and according to 
approved schedule. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Inventory door hardware on receipt and provide secure lock-up and shelving for door 
hardware delivered to Project site. Do not store electronic access control hardware, 
software or accessories at Project site without prior authorization. 

B. Tag each item or package separately with identification related to the final Door 
Hardware Schedule, and include basic installation instructions with each item or 
package. 

C. Deliver, as applicable, permanent keys, cylinders, cores, access control credentials, 
software and related accessories directly to Owner via registered mail or overnight 
package service. Instructions for delivery to the Owner shall be established at the 
"Keying Conference". 

1.5 COORDINATION 

A. Templates: Obtain and distribute to the parties involved templates for doors, frames, 
and other work specified to be factory prepared for installing standard and electrified 
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hardware. Check Shop Drawings of other work to confirm that adequate provisions are 
made for locating and installing hardware to comply with indicated requirements. 

B. Door and Frame Preparation: Doors and corresponding frames are to be prepared, 
reinforced and pre-wired (if applicable) to receive the installation of the specified 
electrified, monitoring, signaling and access control system hardware without additional 
in-field modifications. 

1.6 WARRANTY 

A. General Warranty: Reference Division 01, General Requirements. Special warranties 
specified in this Article shall not deprive Owner of other rights Owner may have under 
other provisions of the Contract Documents and shall be in addition to, and run 
concurrent with, other warranties made by Contractor under requirements of the 
Contract Documents. 

B. Warranty Period: Written warranty, executed by manufacturer(s), agreeing to repair or 
replace components of standard and electrified door hardware that fails in materials or 
workmanship within specified warranty period after final acceptance by the Owner. 
Failures include, but are not limited to, the following: 

1. Structural failures including excessive deflection, cracking, or breakage. 
2. Faulty operation of the hardware. 
3. Deterioration of metals, metal finishes, and other materials beyond normal 

weathering. 
4. Electrical component defects and failures within the systems operation. 

C. Warranty Period: Unless otherwise indicated, warranty shall be one year from date of 
Substantial Completion. 

1.7 MAINTENANCE SERVICE 

A. Maintenance Tools and Instructions: Furnish a complete set of specialized tools and 
maintenance instructions as needed for Owner's continued adjustment, maintenance, 
and removal and replacement of door hardware. 

PART 2 - PRODUCTS 

2.1 SCHEDULED DOOR HARDWARE 

A. General: Provide door hardware for each door to comply with requirements in Door 
Hardware Sets and each referenced section that products are to be supplied under. 

B. Designations: Requirements for quantity, item, size, finish or color, grade, function, and 
other distinctive qualities of each type of door hardware are indicated in the Door 
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Hardware Sets at the end of Part 3. Products are identified by using door hardware 
designations, as follows: 

1. Named Manufacturer's Products: Product designation and manufacturer are 
listed for each door hardware type required for the purpose of establishing 
requirements. Manufacturers' names are abbreviated in the Door Hardware 
Schedule. 

C. Substitutions: Requests for substitution and product approval for inclusive mechanical 
and electromechanical door hardware in compliance with the specifications must be 
submitted in writing and in accordance with the procedures and time frames outlined in 
Division 01, Substitution Procedures. Approval of requests is at the discretion of the 
architect, owner, and their designated consultants. 

2.2 HANGING DEVICES 

A. Hinges: ANSI/BHMA A156.1 butt hinges with number of hinge knuckles and other 
options as specified in the Door Hardware Sets. 

1. Quantity: Provide the following hinge quantity: 

a. Two Hinges: For doors with heights up to 60 inches. 
b. Three Hinges: For doors with heights 61 to 90 inches. 
c. Four Hinges: For doors with heights 91 to 120 inches. 
d. For doors with heights more than 120 inches, provide 4 hinges, plus 1 

hinge for every 30 inches of door height greater than 120 inches. 

2. Hinge Size: Provide the following, unless otherwise indicated, with hinge widths 
sized for door thickness and clearances required: 

a. Widths up to 3’0”: 4-1/2” standard or heavy weight as specified. 
b. Sizes from 3’1” to 4’0”: 5” standard or heavy weight as specified. 

3. Hinge Weight and Base Material: Unless otherwise indicated, provide the 
following: 

a. Exterior Doors: Heavy weight, non-ferrous, ball bearing or oil impregnated 
bearing hinges unless Hardware Sets indicate standard weight. 

b. Interior Doors: Standard weight, steel, ball bearing or oil impregnated 
bearing hinges unless Hardware Sets indicate heavy weight. 

4. Hinge Options: Comply with the following: 

a. Non-removable Pins: With the exception of electric through wire hinges, 
provide set screw in hinge barrel that, when tightened into a groove in 
hinge pin, prevents removal of pin while door is closed; for the all out-
swinging lockable doors. 

5. Manufacturers: 
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a. Hager Companies (HA) - BB Series, 5 knuckle. 
b. Ives (IV) - 5BB Series, 5 knuckle. 
c. McKinney (MK) - TA/T4A Series, 5 knuckle. 

2.3 CYLINDERS AND KEYING 

A. General: Cylinder manufacturer to have minimum (10) years experience designing 
secured master key systems and have on record a published security keying system 
policy.  

B. Cylinder Types: Original manufacturer cylinders able to supply the following cylinder 
formats and types: 

1. Threaded mortise cylinders with rings and cams to suit hardware application. 
2. Rim cylinders with back plate, flat-type vertical or horizontal tailpiece, and raised 

trim ring. 
3. Bored or cylindrical lock cylinders with tailpieces as required to suit locks. 
4. Tubular deadlocks and other auxiliary locks. 
5. Mortise and rim cylinder collars to be solid and recessed to allow the cylinder 

face to be flush and be free spinning with matching finishes. 
6. Keyway: Match Facility Standard. 

C. Large Format Interchangeable Cores: Provide removable cores (LFIC) as specified, 
core insert, removable by use of a special key, and for use with only the core 
manufacturer's cylinder and door hardware. 

D. Keying System: Each type of lock and cylinders to be factory keyed.  

1. Supplier shall conduct a "Keying Conference" to define and document keying 
system instructions and requirements.  

2. Furnish factory cut, nickel-silver large bow permanently inscribed with a visual 
key control number as directed by Owner. 

3. Existing System: Field verify and key cylinders to match Owner's existing system. 

E. Key Quantity: Provide the following minimum number of keys: 

1. Change Keys per Cylinder: Three (3). 
2. Master Keys (per Master Key Level/Group): Five (5). 
3. Construction Keys (where required): Ten (10). 
4. Construction Control Keys (where required): Two (2). 
5. Permanent Control Keys (where required): Two (2). 

F. Construction Keying: Provide temporary keyed construction cores. 

G. Key Registration List (Bitting List): 

1. Provide keying transcript list to Owner's representative in the proper format for 
importing into key control software. 

2. Provide transcript list in writing or electronic file as directed by the Owner. 
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2.4 KEY CONTROL 

A. Key Control Cabinet: Provide a key control system including envelopes, labels, and 
tags with self-locking key clips, receipt forms, 3-way visible card index, temporary 
markers, permanent markers, and standard metal cabinet. Key control cabinet shall 
have expansion capacity of 150% of the number of locks required for the project. 

1. Manufacturers: 

a. Lund Equipment (LU). 
b. MMF Industries (MM). 
c. Telkee (TK). 

2.5 MECHANICAL LOCKS AND LATCHING DEVICES 

A. Cylindrical Locksets, Grade 1 (Heavy Duty): ANSI/BHMA A156.2, Series 4000, 
Operational Grade 1 Certified Products Directory (CPD) listed. 

1. Heavy duty cylindrical locks shall have a seven-year warranty. 

2. Vertical Impact: Exceed 100 vertical impacts (20 times ANSI/BHMA A156.2 
requirements). 

3. Furnish with solid cast levers, standard 2 3/4” backset, and 1/2" (3/4" at rated 
paired openings) throw brass or stainless steel latchbolt. 

4. Locks are to be non-handed and fully field reversible. 

5. Manufacturers: 

a. Corbin Russwin Hardware (RU) - CLX3300 Series. 
b. Sargent Manufacturing (SA) - 10X Line. 

2.6 LOCK AND LATCH STRIKES 

A. Strikes: Provide manufacturer's standard strike with strike box for each latch or lock 
bolt, with curved lip extended to protect frame, finished to match door hardware set, 
unless otherwise indicated, and as follows: 

1. Flat-Lip Strikes: For locks with three-piece antifriction latchbolts, as 
recommended by manufacturer. 

2. Extra-Long-Lip Strikes: For locks used on frames with applied wood casing trim. 
3. Aluminum-Frame Strike Box: Provide manufacturer's special strike box fabricated 

for aluminum framing. 
4. Double-lipped strikes: For locks at double acting doors. Furnish with retractable 

stop for rescue hardware applications.  

B. Standards: Comply with the following: 
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1. Strikes for Mortise Locks and Latches: BHMA A156.13. 
2. Strikes for Bored Locks and Latches: BHMA A156.2. 
3. Strikes for Auxiliary Deadlocks: BHMA A156.36. 
4. Dustproof Strikes: BHMA A156.16. 

2.7 DOOR CLOSERS 

A. All door closers specified herein shall meet or exceed the following criteria: 

1. General: Door closers to be from one manufacturer, matching in design and 
style, with the same type door preparations and templates regardless of 
application or spring size. Closers to be non-handed with full sized covers. 

2. Standards: Closers to comply with UL-10C for Positive Pressure Fire Test and be 
U.L. listed for use of fire rated doors. 

3. Size of Units: Comply with manufacturer's written recommendations for sizing of 
door closers depending on size of door, exposure to weather, and anticipated 
frequency of use. Where closers are indicated for doors required to be accessible 
to the Americans with Disabilities Act, provide units complying with ANSI 
ICC/A117.1. 

4. Closer Arms: Provide heavy duty, forged steel closer arms unless otherwise 
indicated in Hardware Sets. 

5. Closers shall not be installed on exterior or corridor side of doors; where possible 
install closers on door for optimum aesthetics.  

6. Closer Accessories: Provide door closer accessories including custom templates, 
special mounting brackets, spacers and drop plates as required for proper 
installation. Provide through-bolt and security type fasteners as specified in the 
hardware sets. 

B. Door Closers, Surface Mounted (Heavy Duty): ANSI/BHMA A156.4, Grade 1 Certified 
Products Directory (CPD) listed surface mounted, heavy duty door closers with 
complete spring power adjustment, sizes 1 thru 6; and fully operational adjustable 
according to door size, frequency of use, and opening force. Closers to be rack and 
pinion type, one piece cast iron or aluminum alloy body construction, with adjustable 
backcheck and separate non-critical valves for closing sweep and latch speed control. 
Provide non-handed units standard. 

1. Heavy duty surface mounted door closers shall have a 25-year warranty. 

2. Manufacturers: 

a. Corbin Russwin Hardware (RU) - DC6000 Series. 
b. Norton Rixson (NO) - 7500 Series. 
c. Yale Commercial(YA) - 4400 Series. 
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2.8 DOOR STOPS AND HOLDERS 

A. General: Door stops and holders to be of type and design as specified below or in the 
Hardware Sets. 

B. Door Stops and Bumpers: ANSI/BHMA A156.16, Grade 1 door stops and wall 
bumpers. Provide wall bumpers, either convex or concave types with anchorage as 
indicated, unless floor or other types of door stops are specified in Hardware Sets. Do 
not mount floor stops where they will impede traffic. Where floor or wall bumpers are 
not appropriate, provide overhead type stops and holders. 

1. Manufacturers: 

a. Hiawatha, Inc. (HI). 
b. Rockwood (RO). 
c. Trimco (TC). 

2.9 ARCHITECTURAL SEALS 

A. General: Thresholds, weatherstripping, and gasket seals to be of type and design as 
specified below or in the Hardware Sets. Provide continuous weatherstrip gasketing on 
exterior doors and provide smoke, light, or sound gasketing on interior doors where 
indicated. At exterior applications provide non-corrosive fasteners and elsewhere 
where indicated. 

B. Smoke Labeled Gasketing: Assemblies complying with NFPA 105 that are listed and 
labeled by a testing and inspecting agency acceptable to authorities having jurisdiction, 
for smoke control ratings indicated, based on testing according to UL 1784. 

1. Provide smoke labeled perimeter gasketing at all smoke labeled openings. 

C. Fire Labeled Gasketing: Assemblies complying with NFPA 80 that are listed and 
labeled by a testing and inspecting agency acceptable to authorities having jurisdiction, 
for fire ratings indicated, based on testing according to UL-10C. 

1. Provide intumescent seals as indicated to meet UL10C Standard for Positive 
Pressure Fire Tests of Door Assemblies, and NPFA 252, Standard Methods of 
Fire Tests of Door Assemblies.  

D. Sound-Rated Gasketing: Assemblies that are listed and labeled by a testing and 
inspecting agency, for sound ratings indicated. 

E. Replaceable Seal Strips: Provide only those units where resilient or flexible seal strips 
are easily replaceable and readily available from stocks maintained by manufacturer. 

F. Manufacturers: 

1. National Guard Products (NG). 
2. Pemko (PE). 
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3. Reese Enterprises, Inc. (RE). 

2.10 FABRICATION 

A. Fasteners: Provide door hardware manufactured to comply with published templates 
generally prepared for machine, wood, and sheet metal screws. Provide screws 
according to manufacturers recognized installation standards for application intended. 

2.11 FINISHES 

A. Standard: Designations used in the Hardware Sets and elsewhere indicate hardware 
finishes complying with ANSI/BHMA A156.18, including coordination with traditional 
U.S. finishes indicated by certain manufacturers for their products. 

B. Provide quality of finish, including thickness of plating or coating (if any), composition, 
hardness, and other qualities complying with manufacturer's standards, but in no case 
less than specified by referenced standards for the applicable units of hardware 

C. Protect mechanical finishes on exposed surfaces from damage by applying a 
strippable, temporary protective covering before shipping. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine scheduled openings, with Installer present, for compliance with requirements 
for installation tolerances, labeled fire door assembly construction, wall and floor 
construction, and other conditions affecting performance. 

B. Notify architect of any discrepancies or conflicts between the door schedule, door 
types, drawings and scheduled hardware. Proceed only after such discrepancies or 
conflicts have been resolved in writing. 

3.2 PREPARATION 

A. Hollow Metal Doors and Frames: Comply with ANSI/DHI A115 series.  

B. Wood Doors: Comply with ANSI/DHI A115-W series. 

3.3 INSTALLATION 

A. Install each item of mechanical and electromechanical hardware and access control 
equipment to comply with manufacturer's written instructions and according to 
specifications. 
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1. Installers are to be trained and certified by the manufacturer on the proper 
installation and adjustment of fire, life safety, and security products including: 
hanging devices; locking devices; closing devices; and seals.  

B. Mounting Heights: Mount door hardware units at heights indicated in following 
applicable publications, unless specifically indicated or required to comply with 
governing regulations: 

1. Standard Steel Doors and Frames: DHI's "Recommended Locations for 
Architectural Hardware for Standard Steel Doors and Frames." 

2. DHI TDH-007-20: Installation Guide for Doors and Hardware. 
3. Where indicated to comply with accessibility requirements, comply with ANSI 

A117.1 "Accessibility Guidelines for Buildings and Facilities." 
4. Provide blocking in drywall partitions where wall stops or other wall mounted 

hardware is located.  

C. Retrofitting: Install door hardware to comply with manufacturer's published templates 
and written instructions. Where cutting and fitting are required to install door hardware 
onto or into surfaces that are later to be painted or finished in another way, coordinate 
removal, storage, and reinstallation of surface protective trim units with finishing work 
specified in Division 9 Sections. Do not install surface-mounted items until finishes 
have been completed on substrates involved. 

D. Thresholds: Set thresholds for exterior and acoustical doors in full bed of sealant 
complying with requirements specified in Division 7 Section "Joint Sealants." 

E. Storage: Provide a secure lock up for hardware delivered to the project but not yet 
installed. Control the handling and installation of hardware items so that the completion 
of the work will not be delayed by hardware losses before and after installation. 

3.4 FIELD QUALITY CONTROL 

A. Field Inspection (Punch Report): Reference Division 01 Sections “Closeout 
Procedures”. Produce project punch report for each installed door opening indicating 
compliance with approved submittals and verification hardware is properly installed, 
operating and adjusted. Include list of items to be completed and corrected, indicating 
the reasons or deficiencies causing the Work to be incomplete or rejected. 

1. Organization of List: Include separate Door Opening and Deficiencies and 
Corrective Action Lists organized by Mark, Opening Remarks and Comments, 
and related Opening Images and Video Recordings. 

3.5 ADJUSTING 

A. Initial Adjustment: Adjust and check each operating item of door hardware and each 
door to ensure proper operation or function of every unit. Replace units that cannot be 
adjusted to operate as intended. Adjust door control devices to compensate for final 
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operation of heating and ventilating equipment and to comply with referenced 
accessibility requirements. 

3.6 CLEANING AND PROTECTION 

A. Protect all hardware stored on construction site in a covered and dry place. Protect 
exposed hardware installed on doors during the construction phase. Install any and all 
hardware at the latest possible time frame. 

B. Clean adjacent surfaces soiled by door hardware installation. 

C. Clean operating items as necessary to restore proper finish. Provide final protection 
and maintain conditions that ensure door hardware is without damage or deterioration 
at time of owner occupancy. 

3.7 DEMONSTRATION 

A. Instruct Owner's maintenance personnel to adjust, operate, and maintain mechanical 
and electromechanical door hardware. 

3.8 DOOR HARDWARE SETS 

A. The hardware sets represent the design intent and direction of the owner and architect. 
They are a guideline only and should not be considered a detailed hardware schedule. 
Discrepancies, conflicting hardware and missing items should be brought to the 
attention of the architect with corrections made prior to the bidding process. Omitted 
items not included in a hardware set should be scheduled with the appropriate 
additional hardware required for proper application and functionality. 

1. Quantities listed are for each pair of doors, or for each single door. 

2. The supplier is responsible for handing and sizing all products. 

3. Where multiple options for a piece of hardware are given in a single line item, the 
supplier shall provide the appropriate application for the opening. 

B. Manufacturer’s Abbreviations: 

 

      1. MK - McKinney     

      2. SA - SARGENT     

      3. AW - Arrow Lock     

      4. RF - Rixson     

      5. NO - Norton     

      6. RO - Rockwood     
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      7. PE - Pemko     

  

  

Hardware Sets 

  

Set: 1.0 

Doors: 202, 202B 

  

3 Hinge, Full Mortise TA2714 NRP 4-1/2" x 4-1/2" US26D MK 

1 Classroom Lock 64 10XG37 LL US26D SA 

1 Permanent Core To Suit existing Arrow Key System  AW 

1 Surface Overhead Stop 10-Series 630 RF 

3 Silencer 608  RO 

  

Set: 2.0 

Doors: 202A, 302 

  

3 Hinge, Full Mortise TA2714 NRP 4-1/2" x 4-1/2" US26D MK 

1 Classroom Lock 64 10XG37 LL US26D SA 

1 Permanent Core To Suit existing Arrow Key System  AW 

1 Surf Overhead Stop 10-Series 630 RF 

1 Surface Closer 7500 (Reg/PA) 689 NO 

3 Silencer 608  RO 

  

Set: 3.0 

Doors: 201B, 301 

  

3 Hinge, Full Mortise TA2714 NRP 4-1/2" x 4-1/2" US26D MK 

1 Classroom Lock 64 10XG37 LL US26D SA 

1 Permanent Core To Suit existing Arrow Key System  AW 

1 Surface Closer 7500 (Reg/PA) 689 NO 

1 Wall Stop 403 (or) 441CU (As Required) US26D RO 

1 Gasketing S88D (Head & Jambs)  PE 

  

 

END OF SECTION 087100 

https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=167999461,168612586,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=167999461,168612586,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=211954045,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=211966307,211966301,211966272,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=168873950,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=167999461,168612586,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=167999461,168612586,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=211954045,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=211966307,211966301,211966272,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=70787234,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=159116943,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=168873950,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=167999461,168612586,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=167999461,168612586,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=211954045,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=211966307,211966301,211966272,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=159116943,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=168873923,
https://www.openingsstudio.com/AAOS/AAOS/CutSheetViewer.jsp?IDS=168874097,
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 SECTION 088000 - GLAZING  
 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes glazing for the following products and applications, including 
those specified in other Sections where glazing requirements are specified by 
reference to this Section: 

1. Doors. 
2. Interior borrowed lites, sidelights and transoms. 
3. Glazed decorative metal railing systems 
4. Interior glazed partitions. 

1.2 DEFINITIONS 

A. Manufacturer:  A firm that produces primary glass or fabricated glass as defined in 
referenced glazing publications. 

B. Deterioration of Laminated Glass:  Defects developed from normal use that are 
attributed to the manufacturing process and not to causes other than glass breakage 
and practices for maintaining and cleaning laminated glass contrary to manufacturer's 
written instructions.  Defects include edge separation, delamination materially 
obstructing vision through glass, and blemishes exceeding those allowed by 
referenced laminated-glass standard. 

1.3 PERFORMANCE REQUIREMENTS 

A. General:  Provide glazing systems capable of withstanding normal thermal movement 
and wind and impact loads (where applicable) without failure, including loss or glass 
breakage attributable to the following:  defective manufacture, fabrication, and 
installation; failure of sealants or gaskets to remain watertight and airtight; deterioration 
of glazing materials; or other defects in construction. 

B. Glass Design:  Where glass thicknesses are indicated these are minimums and are for 
detailing only.  Confirm glass thicknesses by analyzing Project loads and in-service 
conditions.  Where glass thickness is not indicated design glass thickness and types of 
glass required by analyzing Project loads and in-service conditions.  Provide glass lites 
for various size openings in nominal thicknesses indicated, but not less than 
thicknesses and in strengths (annealed or heat treated) required to meet or exceed the 
following criteria: 

1. Glazed Decorative Metal Railing System: Design glass to withstand loads as 
specified in Section 057313. 

1.4 SUBMITTALS 
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A. Product Data:  For each glass product and glazing material indicated.  

B. Samples:  For the following products, in the form of 12-inch- (300-mm-) square 
Samples for glass and of 12-inch- (300-mm-) long Samples for sealants.  Install sealant 
Samples between two strips of material representative in color of the adjoining framing 
system. 

1. Each type of laminated glass specified. 
2. Each type of fire-rated glass specified. 

C. Glazing Schedule:  Use same designations indicated on Drawings for glazed openings 
in preparing a schedule listing glass types and thicknesses for each size opening and 
location. 

D. Qualification Data:  For firms and persons specified in "Quality Assurance" Article to 
demonstrate their capabilities and experience.  Include lists of completed projects with 
project names and addresses, names and addresses of architects and owners, and 
other information specified. 

E. Product Test Reports:  From a qualified testing agency indicating the following 
products comply with requirements, based on comprehensive testing of current 
products: 

1. Glazing sealants. 
2. Fire resistive glazing 

F. Warranties:  Special warranties specified in this Section. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  An experienced installer who has completed glazing similar in 
material, design, and extent to that indicated for Project and whose work has resulted 
in construction with a record of successful in-service performance. 

B. Source Limitations: Obtain each type of glass from one primary-glass manufacturer. 

C. Glass Product Testing:  Obtain glass test results for product test reports in "Submittals" 
Article from a qualified testing agency based on testing glass products. 

1. Glass Testing Agency Qualifications:  An independent testing agency with the 
experience and capability to conduct the testing indicated, as documented 
according to ASTM E 548. 

D. Elastomeric Glazing Sealant Product Testing:  Obtain sealant test results for product 
test reports in "Submittals" Article from a qualified testing agency based on testing 
current sealant formulations within a 36-month period. 

1. Sealant Testing Agency Qualifications:  An independent testing agency qualified 
according to ASTM C 1021 to conduct the testing indicated, as documented 
according to ASTM E 548. 
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2. Test elastomeric glazing sealants for compliance with requirements specified by 
reference to ASTM C 920, and where applicable, to other standard test methods. 

E. Glazing for Fire-Rated Door Assemblies:  Glazing for assemblies that comply with 
NFPA 80 and that are listed and labeled by UL, for fire ratings indicated, based on 
testing according to NFPA 252. 

F. Glazing for Fire-Rated Window Assemblies:  Glazing for assemblies that comply with 
NFPA 80 and that are listed and labeled by UL, for fire ratings indicated, based on 
testing according to NFPA 257.   

G. Safety Glass:  Category II materials complying with testing requirements in 
16 CFR 1201 and ANSI Z97.1. 

1. Subject to compliance with requirements, permanently mark safety glass with 
certification label of Safety Glazing Certification Council or another certification 
agency acceptable to authorities having jurisdiction. 

2. Safety glass includes fully tempered glass, laminated glass and fire-resistant 
glass.  

H. Fire-Rated Glass: Permanently mark fire-rated glass with certification label of 
certification agency acceptable to authorities having jurisdiction indicating manufacturer 
name, test standard and fire-rating.  

I. Glazing Publications:  Comply with published recommendations of glass product 
manufacturers and organizations below, unless more stringent requirements are 
indicated.  Refer to these publications for glazing terms not otherwise defined in this 
Section or in referenced standards. 

1. SIGMA Publications:  SIGMA TM-3000, "Vertical Glazing Guidelines."  
2. GANA Publications:  GANA'S "Glazing Manual" and "Laminated Glass Design 

Guide." 

J. Preinstallation Conference:  Conduct conference at Project site to comply with 
requirements in Division 01. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Protect glazing materials according to manufacturer's written instructions and as 
needed to prevent damage to glass and glazing materials from condensation, 
temperature changes, direct exposure to sun, or other causes. 

1.7 PROJECT CONDITIONS 

A. Environmental Limitations:  Do not proceed with glazing when ambient and substrate 
temperature conditions are outside limits permitted by glazing material manufacturers 
and when glazing channel substrates are wet from rain, frost, condensation, or other 
causes. 



2 November 2022 Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 

                                                               088000 - 4   GLAZING 

1. Do not install liquid glazing sealants when ambient and substrate temperature 
conditions are outside limits permitted by glazing sealant manufacturer or below 
40 deg F (4.4 deg C). 

1.8 WARRANTY 

A. General Warranty:  Special warranties specified in this Article shall not deprive Owner 
of other rights Owner may have under other provisions of the Contract Documents and 
shall be in addition to, and run concurrent with, other warranties made by Contractor 
under requirements of the Contract Documents. 

B. Manufacturer's Special Warranty on Laminated Glass:  Written warranty, made out to 
Owner and signed by laminated-glass manufacturer agreeing to furnish replacements 
for laminated-glass units that deteriorate as defined in "Definitions" Article, f.o.b. the 
nearest shipping point to Project site, within specified warranty period indicated below. 

1. Warranty Period:  Five years from date of Substantial Completion. 

C. Manufacturer's Special Warranty on Fire Rated Glass:  Written warranty, made out to 
Owner and signed by insulating-glass manufacturer agreeing to furnish replacements 
for insulating-glass units that deteriorate as defined in "Definitions" Article, f.o.b. the 
nearest shipping point to Project site, within specified warranty period indicated below. 

1. Warranty Period:  5 years from date of Substantial Completion. 

PART 2 - PRODUCTS  

2.1 PRIMARY FLOAT GLASS 

A. Float Glass:  ASTM C 1036, Type I (transparent glass, flat), Quality q3 (glazing select); 
Class 1 unless otherwise indicated in schedules at the end of Part 3.  

2.2 HEAT-TREATED FLOAT GLASS 

A. Fabrication Process:  By horizontal (roller-hearth) process with roll-wave distortion 
parallel to bottom edge of glass as installed, unless otherwise indicated. 

A. Heat-Treated Float Glass:  ASTM C 1048; Type I (transparent glass, flat); Quality q3 
(glazing select); class, kind, and condition as indicated in schedules at the end of 
Part 3.  

2.3 FIRE RATED GLAZING 

A. Fire-Rated Glazing Product (Laminated Ceramic Glazing Material):  Proprietary 
Category I and II safety glazing product in the form of 2 lites of clear ceramic glazing 
material laminated together to produce a laminated lite of  5/16-inch nominal thickness; 
polished on both surfaces, weighing  4 lb/sq. ft.; and as follows: 
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1. Fire-Protection Rating:  As indicated for the assembly in which glazing material is 
installed, and permanently labeled by a testing and inspecting agency 
acceptable to authorities having jurisdiction. 

2. Polished on both surfaces, transparent. 
3. Product:  "FireLite Plus Premium" by Nippon Electric Glass Co., Ltd., and 

distributed by Technical Glass Products.  

2.4 LAMINATED GLASS 

A. Laminated Glass:  Comply with ASTM C 1172 for kinds of laminated glass indicated 
and other requirements specified, including those in the Laminated-Glass Schedule at 
the end of Part 3.  

B. Interlayer:  Interlayer material as indicated below, clear or in colors, and of thickness 
indicated with a proven record of no tendency to bubble, discolor, or lose physical and 
mechanical properties after laminating glass lites and installation. 

1. Interlayer Material:  Polyvinyl butyral sheets 
2. Interlayer Thickness:  .030", except provide .060” for glass balusters. 
3. Interlayer Color: Clear. 

C. Laminating Process:  Fabricate laminated glass to produce glass free of foreign 
substances and air or glass pockets as follows: 

1. Laminate lites with polyvinyl butyral interlayer in autoclave with heat plus 
pressure. 

2.5 ELASTOMERIC GLAZING SEALANTS 

A. General:  Provide products of type indicated, complying with the following 
requirements: 
 
1. Compatibility:  Select glazing sealants that are compatible with one another and 

with other materials they will contact, including glass products, seals of 
insulating-glass units, and glazing channel substrates, under conditions of 
service and application, as demonstrated by sealant manufacturer based on 
testing and field experience. 

2. Suitability:  Comply with sealant and glass manufacturers' written instructions for 
selecting glazing sealants suitable for applications indicated and for conditions 
existing at time of installation. 

3. Colors of Exposed Glazing Sealants:  As selected by Architect from 
manufacturer's full range for this characteristic. 

4. Field-applied sealants shall have a VOC content of not more than 250 g/L. 

B. Single-Component Neutral-Curing Silicone Sealant:  ASTM C 920; Type S; Grade NS; 
Class 50; Uses NT, M, G, A, and, as applicable to joint substrates indicated, O. 

1. Products: 
a. Dow Corning Corporation; 791. 
b. Dow Corning Corporation; 795. 
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c. GE Silicones; SilPruf NB SCS9000. 
d. GE Silicones; UltraPruf II SCS2900. 
e. Pecora Corporation; 865. 
f. Pecora Corporation; 895. 
g. Pecora Corporation; 898 

C. Glazing Sealants for Fire-Resistive and Fire Protective Glazing Products:  Identical to 
products used in test assemblies to obtain fire-protection rating. 

2.6 GLAZING TAPES 

A. Back-Bedding Mastic Glazing Tape:  Preformed, butyl-based elastomeric tape with a 
solids content of 100 percent; nonstaining and nonmigrating in contact with nonporous 
surfaces; with or without spacer rod as recommended in writing by tape and glass 
manufacturers for application indicated; packaged on rolls with a release paper 
backing; and complying with ASTM C 1281 and AAMA 806.3 tape, for glazing 
applications in which tape is subject to continuous pressure. 

B. Expanded Cellular Glazing Tape:  Closed-cell, PVC foam tape; factory coated with 
adhesive on both surfaces; packaged on rolls with release liner protecting adhesive; 
and complying with AAMA 800 for the following types: 
 
1. Type 1, for glazing applications in which tape acts as the primary sealant. 
2. Type 2, for glazing applications in which tape is used in combination with a full 

bead of liquid sealant. 

C. Glazing Tapes for Fire-Resistive and Fire Protective Glazing Products:  Identical to 
products used in test assemblies to obtain fire-protection rating. 

2.7 MISCELLANEOUS GLAZING MATERIALS 

A. General:  Provide products of material, size, and shape complying with referenced 
glazing standard, requirements of manufacturers of glass and other glazing materials 
for application indicated, and with a proven record of compatibility with surfaces 
contacted in installation. 

B. Cleaners, Primers, and Sealers:  Types recommended by sealant or gasket 
manufacturer. 

C. Setting Blocks: Silicone elastomeric material with a Shore A durometer hardness of 85, 
plus or minus 5. 

D. Spacers:  Elastomeric blocks or continuous extrusions with a Shore A durometer 
hardness required by glass manufacturer to maintain glass lites in place for installation 
indicated. 

E. Edge Blocks:  Elastomeric material of hardness needed to limit glass lateral movement 
(side walking). 
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F. Cylindrical Glazing Sealant Backing:  ASTM C 1330, Type O (open-cell material), of 
size and density to control glazing sealant depth and otherwise produce optimum 
glazing sealant performance. 

G. Perimeter Insulation for Fire-Resistive Glazing:  Identical to product used in test 
assembly to obtain fire-resistance rating 

2.8 FABRICATION OF GLASS AND OTHER GLAZING PRODUCTS 

A. Fabricate glass and other glazing products in sizes required to glaze openings 
indicated for Project, with edge and face clearances, edge and surface conditions, and 
bite complying with written instructions of product manufacturer and referenced glazing 
standard, to comply with system performance requirements. 

B. Grind smooth and polish exposed glass edges.  

C. Refer to Section 057313 for fabrication of glass baluster panels. 
 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine framing glazing, with Installer present, for compliance with the following: 
 
1. Manufacturing and installation tolerances, including those for size, squareness, 

and offsets at corners. 
2. Presence and functioning of weep system. 
3. Minimum required face or edge clearances. 
4. Effective sealing between joints of glass-framing members. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Clean glazing channels and other framing members receiving glass immediately before 
glazing.  Remove coatings not firmly bonded to substrates. 

3.3 GLAZING, GENERAL 

A. Comply with combined written instructions of manufacturers of glass, sealants, 
gaskets, and other glazing materials, unless more stringent requirements are indicated, 
including those in referenced glazing publications. 

B. Glazing channel dimensions, as indicated on Drawings, provide necessary bite on 
glass, minimum edge and face clearances, and adequate sealant thicknesses, with 
reasonable tolerances.  Adjust as required by Project conditions during installation. 

C. Protect glass edges from damage during handling and installation.  Remove damaged 
glass from Project site and legally dispose of off Project site.  Damaged glass is glass 
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with edge damage or other imperfections that, when installed, could weaken glass and 
impair performance and appearance. 

D. Apply primers to joint surfaces where required for adhesion of sealants, as determined 
by preconstruction sealant-substrate testing. 

E. Install setting blocks in sill rabbets, sized and located to comply with referenced glazing 
publications, unless otherwise required by glass manufacturer.  Set blocks in thin 
course of compatible sealant suitable for heel bead. 

F. Do not exceed edge pressures stipulated by glass manufacturers for installing glass 
lites. 

G. Provide spacers for glass lites where the length plus width is larger than 50 inches 
(1270 mm) as follows: 
 
1. Locate spacers directly opposite each other on both inside and outside faces of 

glass.  Install correct size and spacing to preserve required face clearances, 
unless gaskets and glazing tapes are used that have demonstrated ability to 
maintain required face clearances and to comply with system performance 
requirements. 

2. Provide 1/8-inch (3-mm) minimum bite of spacers on glass and use thickness 
equal to sealant width.  With glazing tape, use thickness slightly less than final 
compressed thickness of tape. 

H. Provide edge blocking where indicated or needed to prevent glass lites from moving 
sideways in glazing channel, as recommended in writing by glass manufacturer and 
according to requirements in referenced glazing publications. 

I. Set glass lites in each series with uniform pattern, draw, bow, and similar 
characteristics. 

J. Where wedge-shaped gaskets are driven into one side of channel to pressurize sealant 
or gasket on opposite side, provide adequate anchorage so gasket cannot walk out 
when installation is subjected to movement. 

K. Square cut wedge-shaped gaskets at corners and install gaskets in a manner 
recommended by gasket manufacturer to prevent corners from pulling away; seal 
corner joints and butt joints with sealant recommended by gasket manufacturer. 

3.4 TAPE GLAZING 

A. Position tapes on fixed stops so that, when compressed by glass, their exposed edges 
are flush with or protrude slightly above sightline of stops. 

B. Install tapes continuously, but not necessarily in one continuous length.  Do not stretch 
tapes to make them fit opening. 
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C. Where framing joints are vertical, cover these joints by applying tapes to heads and 
sills first and then to jambs.  Where framing joints are horizontal, cover these joints by 
applying tapes to jambs and then to heads and sills. 

D. Place joints in tapes at corners of opening with adjoining lengths butted together, not 
lapped.  Seal joints in tapes with compatible sealant approved by tape manufacturer. 

E. Do not remove release paper from tape until just before each glazing unit is installed. 

F. Apply heel bead of elastomeric sealant. 

G. Center glass lites in openings on setting blocks and press firmly against tape by 
inserting dense compression gaskets formed and installed to lock in place against 
faces of removable stops.  Start gasket applications at corners and work toward 
centers of openings. 

H. Apply cap bead of elastomeric sealant over exposed edge of tape. 

3.5 GASKET GLAZING (DRY) 

A. Fabricate compression gaskets in lengths recommended by gasket manufacturer to fit 
openings exactly, with stretch allowance during installation. 

B. Insert soft compression gasket between glass and frame or fixed stop so it is securely 
in place with joints miter cut and bonded together at corners. 

C. Center glass lites in openings on setting blocks and press firmly against soft 
compression gasket by inserting dense compression gaskets formed and installed to 
lock in place against faces of removable stops.  Start gasket applications at corners 
and work toward centers of openings.  Compress gaskets to produce a weathertight 
seal without developing bending stresses in glass.  Seal gasket joints with sealant 
recommended by gasket manufacturer. 

D. Install gaskets so they protrude past face of glazing stops. 

3.6 SEALANT GLAZING (WET) 

A. Install continuous spacers, or spacers combined with cylindrical sealant backing, 
between glass lites and glazing stops to maintain glass face clearances and to prevent 
sealant from extruding into glass channel and blocking weep systems until sealants 
cure.  Secure spacers or spacers and backings in place and in position to control depth 
of installed sealant relative to edge clearance for optimum sealant performance. 

B. Force sealants into glazing channels to eliminate voids and to ensure complete wetting 
or bond of sealant to glass and channel surfaces. 

C. Tool exposed surfaces of sealants to provide a substantial wash away from glass. 

3.7 PROTECTION AND CLEANING 
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A. Protect exterior glass from damage immediately after installation by attaching crossed 
streamers to framing held away from glass.  Do not apply markers to glass surface.  
Remove nonpermanent labels, and clean surfaces. 

B. Protect glass from contact with contaminating substances resulting from construction 
operations, including weld splatter.  If, despite such protection, contaminating 
substances do come into contact with glass, remove them immediately as 
recommended by glass manufacturer. 

C. Examine glass surfaces adjacent to or below exterior concrete and other masonry 
surfaces at frequent intervals during construction, but not less than once a month, for 
build-up of dirt, scum, alkaline deposits, or stains; remove as recommended by glass 
manufacturer. 

D. Remove and replace glass that is broken, chipped, cracked, abraded, or damaged in 
any way, including natural causes, accidents, and vandalism, during construction 
period. 

E. Wash glass on both exposed surfaces in each area of Project not more than four days 
before date scheduled for inspections that establish date of Substantial Completion.  
Wash glass as recommended by glass manufacturer. 

3.8 GLASS SCHEDULE  

A. Interior Glazing, as Scheduled:  

1. Non-Fire Rated Doors, Transoms, Sidelights and Borrowed Lights:  1/4 inch 
clear fully tempered (Kind FT) glass. 

2. Fire Rated Doors, Transoms, Sidelights and Borrowed Lights: Laminated 
ceramic glazing material 5/16 inches thick; "FireLite Plus Premium" by Nippon 
Electric Glass Co., Ltd., and distributed by Technical Glass Products. 

3. Hollow Metal Glazed Partitions: 1/4 inch clear fully tempered (Kind FT) glass. 
4. Glazing for Glazed Decorative Metal Railing System: 5/8-inch clear laminated 

tempered glass. Refer to Section 057313 for additional information. 

 

END OF SECTION 088000 
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SECTION 092216 - NON-STRUCTURAL METAL FRAMING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Non-load-bearing steel framing systems for interior gypsum board assemblies. 
2. Suspension systems for interior gypsum ceilings, soffits, and grid systems. 

B. Related work specified elsewhere: 

1. Metal framing for seating platform and learning stairs is specified in Division 05 
Section “Cold-Formed Metal Framing.” 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

PART 2 - PRODUCTS 

2.1 DESCRIPTION 

A. Fire-Test-Response Characteristics:  For fire-resistance-rated assemblies that 
incorporate non-load-bearing steel framing, provide materials and construction identical 
to those tested in assembly indicated according to ASTM E 119 by an independent 
testing agency. 

B. STC-Rated Assemblies:  For STC-rated assemblies, provide materials and 
construction identical to those tested in assembly indicated according to ASTM E 90 
and classified according to ASTM E 413 by an independent testing agency. 

2.2 FRAMING SYSTEMS 

A. Framing Members, General:  Comply with ASTM C 754 for conditions indicated. 

1. Steel Sheet Components:  Comply with ASTM C 645 requirements for metal 
unless otherwise indicated. 

2. Protective Coating:  ASTM A 653/A 653M, G40 (Z120), hot-dip galvanized, 
unless otherwise indicated. 

B. Studs and Runners:  ASTM C 645. 

1. Steel Studs and Runners: 
a. Minimum Base-Metal Thickness:  0.0296 inch, 20 ga.  (0.752 mm). 
b. Depth:  As scheduled on Drawings for each location. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED #44-02-01-02-0-009-006  Chester Academy 
 
 

                                                        092216 - 2 NON-STRUCTURAL METAL FRAMING 

C. Slip-Type Head Joints: Provide one of the following: 

1. Single Long-Leg Runner System:  ASTM C 645 top runner with 2-inch- (51-mm-) 
deep flanges in thickness not less than indicated for studs, installed with studs 
friction fit into top runner and with continuous cold rolled channel bridging 
attached to each stud located within 12 inches (305 mm) of the top of studs to 
provide lateral bracing. 

2. Double-Runner System:  ASTM C 645 top runners, inside runner with 2-inch- 
(51-mm-) deep flanges in thickness not less than indicated for studs and 
fastened to studs, and outer runner sized to friction fit inside runner. 

3. Deflection Track:  Steel sheet top runner manufactured to prevent cracking of 
finishes applied to interior partition framing resulting from deflection of structure 
above; in thickness not less than indicated for studs and in width to 
accommodate depth of studs. 
a. Products:  Subject to compliance with requirements, provide one of the 

following: 
1) ClarkDietrich; MaxTrak Slotted Deflection Track 
2) Steel Network Inc. (The); VertiClip SLD Series. 
3) Telling Industries; True-Action™ Slotted Track. 

D. Flat Strap and Backing Plate:  Steel sheet for blocking and bracing in length and width 
indicated. 

1. Minimum Base-Metal Thickness:  0.033 inch, 20 ga.  (0.84 mm). 

E. Cold-Rolled Channel Bridging and Bracing:  Steel, 0.053-inch (1.34-mm) minimum 
base-metal thickness, with minimum 1/2-inch- (13-mm-) wide flanges. 

1. Depth:  1-1/2 inches (38 mm) unless otherwise indicated. 
2. Clip Angle:  Not less than 1-1/2 by 1-1/2 inches (38 by 38 mm), 0.068-inch- 

(1.72-mm-) thick, galvanized steel. 

F. Hat-Shaped, Rigid Furring Channels:  ASTM C 645. 

1. Minimum Base-Metal Thickness:  0.018 inch (0.45 mm). 
2. Depth:  7/8 inch (22.2 mm) unless otherwise indicated. 

G. Resilient Furring Channels:  1/2-inch- (13-mm-) deep, steel sheet members designed 
to reduce sound transmission. 

1. Configuration:  Asymmetrical. 

H. Cold-Rolled Furring Channels:  0.053-inch (1.34-mm) uncoated-steel thickness, with 
minimum 1/2-inch- (13-mm-) wide flanges. 

1. Depth:  3/4 inch (19 mm) unless otherwise indicated.  
2. Furring Brackets:  Adjustable, corrugated-edge type of steel sheet with minimum 

uncoated-steel thickness of 0.033 inch (0.8 mm). 

http://www.specagent.com/LookUp/?ulid=226&mf=04&src=wp
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3. Tie Wire:  ASTM A 641/A 641M, Class 1 zinc coating, soft temper, 0.062-inch- 
(1.59-mm-) diameter wire, or double strand of 0.048-inch- (1.21-mm-) diameter 
wire. 

2.3 SUSPENSION SYSTEMS 

A. Tie Wire:  ASTM A 641/A 641M, Class 1 zinc coating, soft temper, 0.062-inch- (1.59-
mm-) diameter wire, or double strand of 0.048-inch- (1.21-mm-) diameter wire. 

B. Hanger Attachments to Concrete: 

1. Anchors:  Fabricated from corrosion-resistant materials with holes or loops for 
attaching wire hangers and capable of sustaining, without failure, a load equal to 
5 times that imposed by construction as determined by testing according to 
ASTM E 488 by an independent testing agency. 
a. Type:  Postinstalled, chemical anchor or postinstalled, expansion anchor. 

2. Powder-Actuated Fasteners:  Suitable for application indicated, fabricated from 
corrosion-resistant materials with clips or other devices for attaching hangers of 
type indicated, and capable of sustaining, without failure, a load equal to 10 times 
that imposed by construction as determined by testing according to 
ASTM E 1190 by an independent testing agency. 

C. Wire Hangers:  ASTM A 641/A 641M, Class 1 zinc coating, soft temper, 0.16 inch (4.12 
mm) in diameter. 

D. Flat Hangers:  Steel sheet, 1 by 3/16 inch (25 by 5 mm) by length indicated. 

E. Carrying Channels:  Cold-rolled, commercial-steel sheet with a base-metal thickness of 
0.053 inch (1.34 mm) and minimum 1/2-inch- (13-mm-) wide flanges. 

1. Depth:  1-1/2 inches (38 mm) unless otherwise indicated on Drawings. 

F. Furring Channels (Furring Members): 

1. Cold-Rolled Channels:  0.053-inch (1.34-mm) uncoated-steel thickness, with 
minimum 1/2-inch- (13-mm-) wide flanges, 3/4 inch (19 mm) deep. 

2. Steel Studs and Runners:  ASTM C 645. 
a. Minimum Base-Metal Thickness:  0.018 inch, 25 ga. (0.45 mm). 
b. Depth:  As indicated on Drawings. 

3. Hat-Shaped, Rigid Furring Channels:  ASTM C 645, 7/8 inch (22 mm) deep. 
a. Minimum Base-Metal Thickness:  0.018 inch (0.45 mm). 

4. Resilient Furring Channels:  1/2-inch- (13-mm-) deep members designed to 
reduce sound transmission. 
a. Configuration:  Asymmetrical or hat shaped. 
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G. Grid Suspension System for Gypsum Board Ceilings:  ASTM C 645, direct-hung 
system composed of main beams and cross-furring members that interlock. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 
a. Armstrong World Industries, Inc.; Drywall Grid Systems. 
b. Chicago Metallic Corporation; Drywall Grid System. 
c. USG Corporation; Drywall Suspension System. 

2.4 AUXILIARY MATERIALS 

A. General:  Provide auxiliary materials that comply with referenced installation standards. 

1. Fasteners for Metal Framing:  Of type, material, size, corrosion resistance, 
holding power, and other properties required to fasten steel members to 
substrates. 

B. Isolation Strip at Exterior Walls:  Provide one of the following: 

1. Asphalt-Saturated Organic Felt:  ASTM D 226, Type I (No. 15 asphalt felt), 
nonperforated. 

2. Foam Gasket:  Adhesive-backed, closed-cell vinyl foam strips that allow fastener 
penetration without foam displacement, 1/8 inch (3.2 mm) thick, in width to suit 
steel stud size. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and substrates, with Installer present, and including welded hollow-
metal frames, cast-in anchors, and structural framing, for compliance with requirements 
and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Suspended Assemblies:  Coordinate installation of suspension systems with 
installation of overhead structure to ensure that inserts and other provisions for 
anchorages to building structure have been installed to receive hangers at spacing 
required to support the Work and that hangers will develop their full strength. 

1. Furnish concrete inserts and other devices indicated to other trades for 
installation in advance of time needed for coordination and construction. 

http://www.specagent.com/LookUp/?ulid=228&mf=04&src=wp
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3.3 INSTALLATION, GENERAL 

A. Installation Standard:  ASTM C 754, except comply with framing sizes and spacing 
indicated. 

 
1. Gypsum Board Assemblies:  Also comply with requirements in ASTM C 840 that 

apply to framing installation. 

B. Install supplementary framing, and blocking to support fixtures, equipment services, 
heavy trim, grab bars, toilet accessories, furnishings, or similar construction. 

C. Install bracing at terminations in assemblies. 

D. Do not bridge building control and expansion joints with non-load-bearing steel framing 
members.  Frame both sides of joints independently. 

E. Cutting, Notching and Boring Holes in Nonstructural Steel Wall Framing:    

1. Flanges and lips of nonstructural steel wall studs shall not be cut or notched.   
2. Holes in webs of nonstructural steel wall studs shall be permitted along the 

centerline of the web of the framing member, shall not exceed 1-1/2 inches  (38 
mm) in width or 4 inches   (102 mm) in length, and the holes shall not be spaced 
less than 24 inches  (610 mm) center to center from another hole or less than 10 
inches  (254 mm) from the bearing end.  

3.4 INSTALLING FRAMED ASSEMBLIES 

A. Where studs are installed directly against exterior masonry walls or dissimilar metals at 
exterior walls, install isolation strip between studs and exterior wall. 

B. Install studs so flanges within framing system point in same direction. 

1. Space studs at 16 inches (406 mm) o.c. unless otherwise indicated. 

C. Install tracks (runners) at floors and overhead supports.  Extend framing full height to 
structural supports or substrates above suspended ceilings, except where partitions 
are indicated to terminate at suspended ceilings.  Continue framing around ducts 
penetrating partitions above ceiling. 

1. Slip-Type Head Joints:  Where framing extends to overhead structural supports, 
install to produce joints at tops of framing systems that prevent axial loading of 
finished assemblies. 

2. Door Openings:  Screw vertical studs at jambs to jamb anchor clips on door 
frames; install runner track section (for cripple studs) at head and secure to jamb 
studs. 
a. Install two studs at each jamb unless otherwise indicated. 
b. Install cripple studs at head adjacent to each jamb stud, with a minimum 

1/2-inch (13-mm) clearance from jamb stud to allow for installation of 
control joint in finished assembly. 
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c. Extend jamb studs through suspended ceilings and attach to underside of 
overhead structure. 

3. Other Framed Openings:  Frame openings other than door openings the same as 
required for door openings unless otherwise indicated.  Install framing below sills 
of openings to match framing required above door heads. 

4. Fire-Resistance-Rated Partitions:  Install framing to comply with fire-resistance-
rated assembly indicated and support closures and to make partitions continuous 
from floor to underside of solid structure. 

5. Sound-Rated Partitions:  Install framing to comply with sound-rated assembly 
indicated. 

D. Install steel studs used as furring with clip angles at midpoint of wall span.  Install 
additional clips to limit deflection to L/240 for walls finished with gypsum wall board and 
L/360 for walls finished with tile or plaster when subject to 5 psf  (239 Pa) lateral load.  

E. Direct Furring: Attach to concrete or masonry with stub nails, screws designed for 
masonry attachment, or powder-driven fasteners spaced 24 inches (610 mm) o.c. 

F. Installation Tolerance:  Install each framing member so fastening surfaces vary not 
more than 1/8 inch (3 mm) from the plane formed by faces of adjacent framing. 

3.5 INSTALLING SUSPENSION SYSTEMS 

A. Install suspension system components in sizes and spacings indicated on Drawings, 
but not less than those required by referenced installation standards for assembly 
types and other assembly components indicated. 

B. Isolate suspension systems from building structure where they abut or are penetrated 
by building structure to prevent transfer of loading imposed by structural movement. 

C. Suspend hangers from building structure as follows: 

1. Install hangers plumb and free from contact with insulation or other objects within 
ceiling plenum that are not part of supporting structural or suspension system. 
a. Splay hangers only where required to miss obstructions and offset resulting 

horizontal forces by bracing, countersplaying, or other equally effective 
means. 

2. Where width of ducts and other construction within ceiling plenum produces 
hanger spacings that interfere with locations of hangers required to support 
standard suspension system members, install supplemental suspension 
members and hangers in the form of trapezes or equivalent devices. 
a. Size supplemental suspension members and hangers to support ceiling 

loads within performance limits established by referenced installation 
standards. 

3. Wire Hangers:  Secure by looping and wire tying, either directly to structures or to 
inserts, eye screws, or other devices and fasteners that are secure and 
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appropriate for substrate, and in a manner that will not cause hangers to 
deteriorate or otherwise fail. 

4. Flat Hangers:  Secure to structure, including intermediate framing members, by 
attaching to inserts, eye screws, or other devices and fasteners that are secure 
and appropriate for structure and hanger, and in a manner that will not cause 
hangers to deteriorate or otherwise fail. 

5. Do not attach hangers to steel roof deck. 
6. Do not attach hangers to permanent metal forms.  Furnish cast-in-place hanger 

inserts that extend through forms. 
7. Do not attach hangers to rolled-in hanger tabs of composite steel floor deck. 
8. Do not connect or suspend steel framing from ducts, pipes, or conduit. 

D. Fire-Resistance-Rated Assemblies:  Wire tie furring channels to supports. 

E. Grid Suspension Systems:  Attach perimeter wall track or angle where grid suspension 
systems meet vertical surfaces.  Mechanically join main beam and cross-furring 
members to each other and butt-cut to fit into wall track. 

F. Installation Tolerances:  Install suspension systems that are level to within 1/8 inch in 
12 feet (3 mm in 3.6 m) measured lengthwise on each member that will receive 
finishes and transversely between parallel members that will receive finishes. 

END OF SECTION 092216 
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SECTION 092900 - GYPSUM BOARD 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Interior gypsum board. 
2. Sound-attenuation blankets 

B. Related Requirements: 

1. Section 092216 "Non-Structural Metal Framing" for non-structural framing and 
suspension systems that support gypsum board panels. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

B. Samples:  For the following products: 

1. Trim Accessories:  Full-size Sample in 12-inch- (300-mm-) long length for each 
trim accessory indicated. 

1.3 QUALITY ASSURANCE 

A. Mockups:  Before beginning gypsum board installation, install mockups of at least 100 
sq. ft. (9 sq. m) in surface area to demonstrate aesthetic effects and set quality 
standards for materials and execution. 

1. Install mockups for the following: 
a. Each level of gypsum board finish indicated for use in exposed locations. 

2. Apply or install final decoration indicated, including painting and wallcoverings, 
on exposed surfaces for review of mockups. 

3. Simulate finished lighting conditions for review of mockups. 
4. Subject to compliance with requirements, approved mockups may become part 

of the completed Work if undisturbed at time of Substantial Completion. 

1.4 DELIVERY, STORAGE AND HANDLING 

A. Store materials inside under cover and keep them dry and protected against weather, 
condensation, direct sunlight, construction traffic, and other potential causes of 
damage.  Stack panels flat and supported on risers on a flat platform to prevent 
sagging. 
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1.5 FIELD CONDITIONS 

A. Environmental Limitations:  Comply with ASTM C 840 requirements or gypsum board 
manufacturer's written recommendations, whichever are more stringent. 

B. Do not install paper-faced gypsum panels until installation areas are enclosed and 
conditioned. 

C. Do not install panels that are wet, those that are moisture damaged, and those that are 
mold damaged. 
1. Indications that panels are wet or moisture damaged include, but are not limited 

to, discoloration, sagging, or irregular shape. 
2. Indications that panels are mold damaged include, but are not limited to, fuzzy or 

splotchy surface contamination and discoloration. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Fire-Resistance-Rated Assemblies:  For fire-resistance-rated assemblies, provide 
materials and construction identical to those tested in assembly indicated according to 
ASTM E 119 by an independent testing agency. 

B. STC-Rated Assemblies:  For STC-rated assemblies, provide materials and 
construction identical to those tested in assembly indicated according to ASTM E 90 
and classified according to ASTM E 413 by an independent testing agency. 

2.2 GYPSUM BOARD, GENERAL 

A. Size:  Provide maximum lengths and widths available that will minimize joints in each 
area and that correspond with support system indicated. 

2.3 INTERIOR GYPSUM BOARD 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. CertainTeed Corp. 
2. Georgia-Pacific Gypsum LLC. 
3. Lafarge North America Inc. 
4. National Gypsum Company. 
5. USG Corporation. 

B. Gypsum Board, Type X:  ASTM C 1396/C 1396M. 
1. Thickness:  5/8 inch (15.9 mm). 
2. Long Edges:  Tapered. 

a. Where drawings indicate regular type 5/8 inch (15.9 mm),  provide  5/8 inch 
(15.9 mm) Type X 

C. Abuse-Resistant Gypsum Board:  ASTM C 1629/C 1629M. 

http://www.specagent.com/LookUp/?ulid=249&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456792437&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456792438&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456792439&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456792440&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456792444&mf=04&src=wp
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1. Core:  5/8 inch (15.9 mm), Type X. 
2. Long Edges:  Tapered. 
3. Mold Resistance:  ASTM D 3273, score of 10 as rated according to 

ASTM D 3274. 
4. Performance Data:   

a. Surface Abrasion: ASTM C1629. Classification Level 2 
b. Surface Indentation: ASTM C1629. Classification Level 1 
c. Soft-body Impact Test: ASTM C1629. Classification Level 1  

5. Products:  Subject to compliance with requirements, provide one of the following 
or equal:  
a. Protecta AR 100 Type X with Mold Defense; Lafarge North America Inc. 
b. ProRoc Gypsum Board Panels; Certainteed, Division of BPB. 

2.4 SPECIALTY GYPSUM BOARD 

A. Gypsum Board, Type C:  ASTM C 1396/C 1396M.  Manufactured to have increased 
fire-resistive capability. 
1. Products:  Subject to compliance with requirements, provide one of the following 

or equal: 
a. CertainTeed Corp.; ProRoc Type C. 
b. Lafarge North America Inc.; Firecheck Type C. 
c. National Gypsum Company; Gold Bond Fire-Shield C. 
d. USG Corporation; Firecode C Core. 

2. Thickness:  5/8 inch (15.9 mm), unless otherwise indicated. 
3. Long Edges:  Tapered. 
4. Provide where required by UL Design or NER 258. 

2.5 TRIM ACCESSORIES 

A. Interior Trim:  ASTM C 1047. 
1. Material:  Galvanized-coated steel sheet or rolled zinc  
2. Shapes: 

a. Cornerbead. 
b. Bullnose bead. 
c. LC-Bead:  J-shaped; exposed long flange receives joint compound. 
d. L-Bead:  L-shaped; exposed long flange receives joint compound. 
e. Expansion (control) joint. 
f. Curved-Edge Cornerbead:  With notched or flexible flanges. 

B. Aluminum Trim:  Extruded accessories of profiles and dimensions indicated. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Fry Reglet Corp. 
b. Gordon, Inc. 
c. Pittcon Industries. 

2. Aluminum:  Alloy and temper with not less than the strength and durability 
properties of ASTM B 221 (ASTM B 221M), Alloy 6063-T5. 

3. Finish:   
a. Curved Drywall Trim: Corrosion-resistant primer compatible with joint 

compound and finish materials specified. 

http://www.specagent.com/LookUp/?ulid=250&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456814775&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456814777&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456814778&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456814781&mf=04&src=wp
http://www.specagent.com/LookUp/?ulid=260&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456792476&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456792479&mf=04&src=wp
http://www.specagent.com/LookUp/?uid=123456792483&mf=04&src=wp
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4. Basis of Design Products:  

a. Curved Drywall Trim: Provide Contura curved drywall trim by Gordon Inc. 
for locations indicated on the Drawings, in sizes required. 

2.6 JOINT TREATMENT MATERIALS 

A. General:  Comply with ASTM C 475/C 475M. 

B. Joint Tape: 
1. Interior Gypsum Board:  Paper. 

C. Joint Compound for Interior Gypsum Board:  For each coat use formulation that is 
compatible with other compounds applied on previous or for successive coats. 
1. Prefilling:  At open joints, beveled panel edges, and damaged surface areas, use 

setting-type taping compound. 
2. Embedding and First Coat:  For embedding tape and first coat on joints, 

fasteners, and trim flanges, use factory mixed drying-type, all-purpose 
compound. 
a. Use setting-type compound for installing paper-faced metal trim 

accessories. 
3. Fill Coat:  For second coat, use factory mixed drying-type, all-purpose 

compound. 
4. Finish Coat:  For third coat, use setting-type, sandable topping compound. 
5. Skim Coat:  For final coat of Level 5 finish, use setting-type, sandable topping 

compound. 

2.7 AUXILIARY MATERIALS 

A. General:  Provide auxiliary materials that comply with referenced installation standards 
and manufacturer's written recommendations. 

B. Steel Drill Screws:  ASTM C 1002, unless otherwise indicated. 
1. Use screws complying with ASTM C 954 for fastening panels to steel members 

from 0.033 to 0.112 inch (0.84 to 2.84 mm) thick. 
2. For fastening cementitious backer units, use screws of type and size 

recommended by panel manufacturer. 

C. Laminating Adhesive: Adhesive or joint compound recommended for directly adhering 
gypsum panels to continuous substrate. 
1. Laminating adhesive shall have a VOC content of 50 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 

D. Sound Attenuation Blankets:  ASTM C 665, Type I (blankets without membrane facing) 
produced by combining thermosetting resins with mineral fibers manufactured from 
glass, slag wool, or rock wool. 
1. Fire-Resistance-Rated Assemblies:  Provide mineral-fiber SAFB where required 

by the UL assembly. 

E. Acoustical Joint Sealant:  As specified in Section 079200 “Joint Sealants” 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and substrates including welded hollow-metal frames and framing, with 
Installer present, for compliance with requirements and other conditions affecting 
performance. 

B. Examine panels before installation.  Reject panels that are wet, moisture damaged, 
and mold damaged. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 APPLYING AND FINISHING PANELS, GENERAL 

A. Comply with ASTM C 840. 

B. Install ceiling panels across framing to minimize the number of abutting end joints and 
to avoid abutting end joints in central area of each ceiling.  Stagger abutting end joints 
of adjacent panels not less than one framing member. 

C. Install panels with face side out.  Butt panels together for a light contact at edges and 
ends with not more than 1/16 inch (1.5 mm) of open space between panels.  Do not 
force into place. 

D. Locate edge and end joints over supports, except in ceiling applications where 
intermediate supports or gypsum board back-blocking is provided behind end joints.  
Do not place tapered edges against cut edges or ends.  Stagger vertical joints on 
opposite sides of partitions.  Do not make joints other than control joints at corners of 
framed openings. 

E. Form control and expansion joints with space between edges of adjoining gypsum 
panels. 

F. Cover both faces of support framing with gypsum panels in concealed spaces (above 
ceilings, etc.), except in chases braced internally. 
1. Unless concealed application is indicated or required for sound, fire, air, or 

smoke ratings, coverage may be accomplished with scraps of not less than 8 sq. 
ft. (0.7 sq. m) in area. 

2. Fit gypsum panels around ducts, pipes, and conduits. 
3. Where partitions intersect structural members projecting below underside of 

floor/roof slabs and decks, cut gypsum panels to fit profile formed by structural 
members; allow 1/4- to 3/8-inch- (6.4- to 9.5-mm-) wide joints to install sealant. 

G. Isolate perimeter of gypsum board applied to non-load-bearing partitions at structural 
abutments, except floors.  Provide 1/4- to 1/2-inch- (6.4- to 12.7-mm-) wide spaces at 
these locations and trim edges with edge trim where edges of panels are exposed.  
Seal joints between edges and abutting structural surfaces with acoustical sealant. 
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H. Attachment to Steel Framing:  Attach panels so leading edge or end of each panel is 
attached to open (unsupported) edges of stud flanges first. 

I. STC-Rated Assemblies:  Seal construction at perimeters, behind control joints, and at 
openings and penetrations with a continuous bead of acoustical sealant.  Install 
acoustical sealant at both faces of partitions at perimeters and through penetrations.  
Comply with ASTM C 919 and with manufacturer's written recommendations for 
locating edge trim and closing off sound-flanking paths around or through assemblies, 
including sealing partitions above acoustical ceilings. 
1. Refer to Section 079200 for additional requirements. 

J. Install sound attenuation blankets before installing gypsum panels unless blankets are 
readily installed after panels have been installed on one side. 

3.3 APPLYING INTERIOR GYPSUM BOARD 

A. Install interior gypsum board in the following locations: 
1. Type X:  Vertical and horizontal surfaces unless otherwise indicated. 
2. Abuse-Resistant Type:  At the new stair assembly, and as indicated on Drawings 
3. Type C:  Where required for specific fire-resistance-rated assembly indicated. 

B. Single-Layer Application: 
1. On ceilings, apply gypsum panels before wall/partition board application to 

greatest extent possible and at right angles to framing unless otherwise 
indicated. 

2. On partitions/walls, apply gypsum panels vertically (parallel to framing) unless 
otherwise indicated or required by fire-resistance-rated assembly, and minimize 
end joints. 
a. Stagger abutting end joints not less than one framing member in alternate 

courses of panels. 
b. At stairwells and other high walls, install panels horizontally unless 

otherwise indicated or required by fire-resistance-rated assembly. 
3. Fastening Methods:  Apply gypsum panels to supports with steel drill screws. 

C. Multilayer Application: 
1. On ceilings, apply gypsum board indicated for base layers before applying base 

layers on walls/partitions; apply face layers in same sequence.  Apply base 
layers at right angles to framing members and offset face-layer joints one framing 
member, 16 inches (400 mm) minimum, from parallel base-layer joints, unless 
otherwise indicated or required by fire-resistance-rated assembly. 

2. On partitions/walls, apply gypsum board indicated for base layers and face layers 
vertically (parallel to framing) with joints of base layers located over stud or 
furring member and face-layer joints offset at least one stud or furring member 
with base-layer joints, unless otherwise indicated or required by fire-resistance-
rated assembly.  Stagger joints on opposite sides of partitions. 

3. Fastening Methods:  Fasten base layers and face layers separately to supports 
with screws. 

A. Laminating to Substrate:  Where gypsum panels are indicated as directly adhered to a 
substrate (other than studs, joists, furring members, or base layer of gypsum board), 
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comply with gypsum board manufacturer's written recommendations and temporarily 
brace or fasten gypsum panels until fastening adhesive has set.  

3.4 INSTALLING TRIM ACCESSORIES 

A. General:  For trim with back flanges intended for fasteners, attach to framing with same 
fasteners used for panels.  Otherwise, attach trim according to manufacturer's written 
instructions. 

B. Control Joints:  Install control joints according to ASTM C 840 and in specific locations 
approved by Architect for visual effect. 
1. Install control joints on 30 foot maximum centers, for all partitions, at locations 

indicated, and as detailed. Align control joints with door frames wherever 
possible, with space between edges of adjoining gypsum panels, as well as 
supporting framing behind gypsum panels. 

2. Install control joints at 50 foot maximum centers, with areas not to exceed 2,500 
sq. ft. for all ceiling areas, at locations indicated, and as detailed. 

C. Interior Trim:  Install in the following locations: 
1. Cornerbead:  Use at outside corners unless otherwise indicated. 
2. Bullnose Bead:  Use where indicated. 
3. LC-Bead:  Use at exposed panel edges. 
4. L-Bead:  Use where indicated. 
5. Curved-Edge Cornerbead:  Use at curved openings. 

D. Aluminum Trim:  Install in locations indicated on Drawings. 

3.5 FINISHING GYPSUM BOARD 

A. General:  Treat gypsum board joints, interior angles, edge trim, control joints, 
penetrations, fastener heads, surface defects, and elsewhere as required to prepare 
gypsum board surfaces for decoration.  Promptly remove residual joint compound from 
adjacent surfaces. 

B. Prefill open joints, rounded or beveled edges, and damaged surface areas. 

C. Apply joint tape over gypsum board joints, except for trim products specifically 
indicated as not intended to receive tape. 

D. Gypsum Board Finish Levels:  Finish panels to levels indicated below and according to 
ASTM C 840: 
1. Level 1:  Ceiling plenum areas, concealed areas, and where indicated. 
2. Level 2:  Panels that are substrate for tile. 
3. Level 4: At all panel surfaces that will be exposed to view unless otherwise 

indicated. 
4. Level 5:  Provide Level 5 finish at all areas where wall washed lighting is 

indicated and at surfaces scheduled to receive gloss paint and whiteboard paint, 
all surfaces to receive digital printed wallcovering, and elsewhere specifically 
indicated on Drawings and schedules. 
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3.6 IDENTIFICATION 

A. Fire walls, fire barriers, fire partitions, smoke barriers and smoke partitions or any other 
wall required to have protected openings or penetrations shall be effectively and 
permanently identified with signs or stenciling. Such identification shall: 
1. Be located in accessible concealed floor, floor-ceiling or attic spaces. 
2. Be repeated at intervals not exceeding 30 feet (914 mm) measured horizontally 

along the wall or partition. 
3. Include lettering not less than 0.5 inch (12.7 mm)) in height, incorporating the 

followings wording: “FIRE AND/OR SMOKE BARRIER—PROTECT ALL 
OPENINGS,” or other wording to reflect the wall type as indicated on the Code 
Summary Drawings.  

3.7 PROTECTION 

A. Protect adjacent surfaces from drywall compound and promptly remove from floors and 
other non-drywall surfaces.  Repair surfaces stained, marred, or otherwise damaged 
during drywall application. 

B. Protect installed products from damage from weather, condensation, direct sunlight, 
construction, and other causes during remainder of the construction period. 

C. Remove and replace panels that are wet, moisture damaged, and mold damaged. 
1. Indications that panels are wet or moisture damaged include, but are not limited 

to, discoloration, sagging, or irregular shape. 
2. Indications that panels are mold damaged include, but are not limited to, fuzzy or 

splotchy surface contamination and discoloration. 

END OF SECTION 092900 
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SECTION 095113 - ACOUSTICAL PANEL CEILINGS

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes ceilings consisting of acoustical panels and exposed suspension
systems.

B. Related Sections include the following:

1. Acoustical sealants are specified in Division 07 Section “Joint Sealants”

1.2 ACTION SUBMITTALS

A. Product Data:  For each type of product specified 

B. Coordination Drawings:  Reflected ceiling plans drawn to scale and coordinating
penetrations and ceiling-mounted items.  Show the following:

1. Ceiling suspension members.
2. Method of attaching hangers to building structure.
3. Ceiling-mounted items including lighting fixtures, diffusers, grilles, speakers,

sprinklers, access panels, and special moldings.
4. Minimum Drawing Scale: 1:100

C. Samples for Verification:  For each component indicated and for each exposed finish
required, prepared on samples of size indicated below.

1. 6-inch- (150-mm-) square samples of each acoustical panel type, pattern, and color.
2. Set of 12-inch- (300-mm-) long samples of exposed suspension system members,

including moldings, for each color and system type required.

1.3 INFORMATIONAL SUBMITTALS

A. Product Test Reports:  Indicate compliance of acoustical panel ceilings and components
with requirements based on comprehensive testing of current products.

B. Research/Evaluation Reports:  Evidence of acoustical panel ceiling's and components'
compliance with building code in effect for Project, from a model code organization
acceptable to authorities having jurisdiction.

C. Maintenance Data:  For finishes to include in maintenance manuals.

1.4 QUALITY ASSURANCE

095113 - 1 ACOUSTICAL PANEL CEILINGS
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A. Installer Qualifications:  Engage an experienced installer who has completed acoustical
panel ceilings similar in material, design, and extent to that indicated for this Project and
with a record of successful in-service performance.

B. Source Limitations:  Obtain each type of acoustical ceiling panel and supporting
suspension system through one source from a single manufacturer..

C. Fire-Test-Response Characteristics:  Provide acoustical panel ceilings that comply with
the following requirements:

1. Fire-Resistance Characteristics:  Where indicated, provide acoustical panel ceilings
identical to those of assemblies tested for fire resistance per ASTM E 119 by UL or
another testing and inspecting agency acceptable to authorities having jurisdiction.
a. Fire-Resistance Ratings:  Indicated by design designations from UL's "Fire

Resistance Directory" or from the listings of another testing and inspecting
agency .

b. Identify materials with appropriate markings of applicable testing and
inspecting agency.

2. Surface-Burning Characteristics:  Provide acoustical panels with the following
surface-burning characteristics complying with ASTM E 1264 for Class A materials
as determined by testing identical products per ASTM E 84:
a. Smoke-Developed Index:  450 or less

1.5 DELIVERY, STORAGE, AND HANDLING

A. Deliver acoustical panels and suspension system components to Project site in original,
unopened packages and store them in a fully enclosed space where they will be protected
against damage from moisture, direct sunlight, surface contamination, and other causes.

B. Before installing acoustical panels, permit them to reach room temperature and a
stabilized moisture content.

C. Handle acoustical panels carefully to avoid chipping edges or damaging units in any way.

1.6 PROJECT CONDITIONS

A. Environmental Limitations:  Do not install acoustical panel ceilings until spaces are
enclosed and weatherproof, wet-work in spaces is complete and dry, work above ceilings
is complete, and ambient temperature and humidity conditions are maintained at the
levels indicated for Project when occupied for its intended use.

1.7 COORDINATION

A. Coordinate layout and installation of acoustical panels and suspension system with other
construction that penetrates ceilings or is supported by them, including light fixtures,
HVAC equipment, fire-suppression system, and partition assemblies.

095113 - 2 ACOUSTICAL PANEL CEILINGS
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1.8 EXTRA MATERIALS

A. Extra Materials:  Furnished from same production run as acoustical ceiling panels
installed.  Furnish 5% of each type and color of material provided in the work.  Package
materials with protective covering and identify with labels describing contents.  Deliver
extra materials to Owner.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Basis of Design Products:  Subject to compliance with requirements, provide specified
products by USG or equal products by Armstrong World Industries.

2.2 ACOUSTICAL PANELS

A. Acoustical Panel Standard:  Provide manufacturer's standard panels of configuration
indicated that comply with ASTM E 1264 classifications as designated by types, patterns,
acoustical ratings, and light reflectances, unless otherwise indicated.

1. Mounting Method for Measuring Noise Reduction Coefficient:  Type E-400; plenum
mounting in which face of test specimen is 15-3/4 inches (400 mm) away from test
surface per ASTM E 795.

2. Provide fire-resistance rated panels where indicated.

B. Acoustical Panels for Acoustical Panel Ceiling ACT1:  Where this designation is indicated,
provide panels complying with the following: 
  
1. Classification: Panels fitting ASTM E 1264 for Type III, wet-formed mineral fiber with

painted finish; Form 4, cast or molded.
2. Pattern:  Panels fitting ASTM E 1264 pattern designation (description) E (lightly

textured).  
3. Color: White.
4. Light Reflectance Coefficient:  Not less than LR 0.84.
5. Noise Reduction Coefficient: 0.70
6. Ceiling Attenuation Class: 36
7. Fire Rating: Class A
8. Sag Resistance Treatment: USG ClimaPlus
9. Anti-Mold and Mildew Treatment: USG ClimaPlus
10. VOC: GREENGUARD Gold Certified low VOC emissions
11. Warranty: 30 year
12. Edge Detail: SLB shadowline bevel.
13. Thickness: 3/4 inch.
14. Size: 24 by 24 inches.
15. Basis of Design Product: USG Frost #414. 
16. Location: As scheduled

2.3 METAL SUSPENSION SYSTEMS
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A. Metal Suspension System Standard:  Provide manufacturer's standard direct-hung metal
suspension systems of types, structural classifications, and finishes indicated that comply
with applicable ASTM C 635 requirements.

1. Provide fire-resistance rated metal suspension system where indicated

B. Suspension System for Acoustical Panel Ceilings ACT1:  Wide-Face, Capped,
Double-Web, Steel Suspension System:  Main and cross runners roll formed from
cold-rolled steel sheet, prepainted, electrolytically zinc coated, or hot-dip galvanized
according to ASTM A 653/A 653M, G30 (Z120) coating designation, with prefinished
15/16-inch- (24-mm-) wide metal caps on flanges; other characteristics as follows:  

1. Structural Classification: Intermediate-duty system. 
2. End Condition of Cross Runners:  Override (stepped) or butt-edge type, as 

standard with manufacturer.
3. Face Design:  Flush face.
4. Cap Material: Sheet steel.
5. Cap Finish:  Manufacturer's standard factory-applied painted finish in white.
6. Basis of Design Product: USG DX.

C. Attachment Devices:  Size for five times design load indicated in ASTM C 635, Table 1,
Direct Hung, unless otherwise indicated.

1. Power-Actuated Fasteners in Concrete:  Fastener system of type suitable for
application indicated, fabricated from corrosion-resistant materials, with clips or
other accessory devices for attaching hangers of type indicated, and with capability
to sustain, without failure, a load equal to 10 times that imposed by ceiling
construction, as determined by testing per ASTM E 1190, conducted by a qualified
testing and inspecting agency.

D. Wire Hangers, Braces, and Ties:  Provide wires complying with the following
requirements:

1. Zinc-Coated Carbon-Steel Wire:  ASTM A 641/A 641M, Class 1 zinc coating, soft
temper.

2. Size:  Select wire diameter so its stress at three times hanger design load
(ASTM C 635, Table 1, Direct Hung) will be less than yield stress of wire, but
provide not less than 0.106-inch- (2.69-mm-) diameter wire.

E. Metal Edge Moldings and Trim:  Type and profile indicated or, if not indicated,
manufacturer's standard moldings for edges and penetrations that fit acoustical panel
edge details and suspension systems indicated; formed from sheet metal of same
material,  finish and color as that used for exposed flanges of suspension system runners.

2.4 ACOUSTICAL SEALANT

A. Refer to Division 07 Section “Joint Sealants”.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates and structural framing to which acoustical panel ceilings attach or
abut, with Installer present, for compliance with requirements specified in this and other
Sections that affect ceiling installation and anchorage, and other conditions affecting
performance of acoustical panel ceilings.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Coordination:  Furnish layouts for cast-in-place anchors, clips, and other ceiling anchors
whose installation is specified in other Sections.

B. Measure each ceiling area and establish layout of acoustical panels to balance border
widths at opposite edges of each ceiling.  Avoid using less-than-half-width panels at
borders, and comply with layout shown on reflected ceiling plans.

3.3 INSTALLATION

A. General:  Install acoustical panel ceilings to comply with publications referenced below per
manufacturer's written instructions and CISCA's "Ceiling Systems Handbook."

1. Standard for Ceiling Suspension System Installations:  Comply with ASTM C 636.
2. Fire-Rated Assembly:  Install fire-rated ceiling systems according to tested fire-rated

design.

B. Suspend ceiling hangers from building's structural members and as follows:

1. Install hangers plumb and free from contact with insulation or other objects within
ceiling plenum that are not part of supporting structure or of ceiling suspension
system.

2. Splay hangers only where required to miss obstructions; offset resulting horizontal
forces by bracing, countersplaying, or other equally effective means.

3. Where width of ducts and other construction within ceiling plenum produces hanger
spacings that interfere with location of hangers at spacings required to support
standard suspension system members, install supplemental suspension members
and hangers in form of trapezes or equivalent devices.  Size supplemental
suspension members and hangers to support ceiling loads within performance limits
established by referenced standards and publications.

4. Secure wire hangers to ceiling suspension members and to supports above with a
minimum of three tight turns.  Connect hangers directly either to structures or to
inserts, eye screws, or other devices that are secure; that are appropriate for
substrate; and that will not deteriorate or otherwise fail due to age, corrosion, or
elevated temperatures.

5. Do not attach hangers to steel deck tabs.
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6. Do not attach hangers to steel roof deck.  Attach hangers to structural members.
7. Space hangers not more than 48 inches (1200 mm) o.c. along each member

supported directly from hangers, unless otherwise indicated; and provide hangers
not more than 8 inches (200 mm) from ends of each member.

C. Install edge moldings and trim of type indicated at perimeter of acoustical ceiling area and
where necessary to conceal edges of acoustical panels.

1. Apply acoustical sealant in a continuous ribbon concealed on back of vertical legs
of moldings before they are installed.

2. Screw attach moldings to substrate at intervals not more than 16 inches (400 mm)
o.c. and not more than 3 inches (75 mm) from ends, leveling with ceiling suspension
system to a tolerance of 1/8 inch in 12 feet (3 mm in 3.6 m).  Miter corners
accurately and connect securely.

3. Do not use exposed fasteners, including pop rivets, on moldings and trim.

D. Install suspension system runners so they are square and securely interlocked with one
another.  Remove and replace dented, bent, or kinked members.

E. Install acoustical panels with undamaged edges and fitted accurately into suspension
system runners and edge moldings.  Scribe and cut panels at borders and penetrations
to provide a neat, precise fit.

1. Arrange directionally patterned acoustical panels as indicated on reflected ceiling
plans.

3.4 CLEANING

A. Clean exposed surfaces of acoustical panel ceilings, including trim, edge moldings, and
suspension system members.  Comply with manufacturer's written instructions for
cleaning and touchup of minor finish damage.  Remove and replace ceiling components
that cannot be successfully cleaned and repaired to permanently eliminate evidence of
damage.

END OF SECTION 095113
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SECTION 096400 - WOOD FLOORING

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following:

1. Solid-wood plank flooring for treads at learning stairs, factory finished.
2. Solid-wood plank flooring for seating platforms at learning stairs, factory finished.

B. Related work specified elsewhere: 

1. Wood subfloor is specified in Division 06 Section “Miscellaneous Rough Carpentry.”
2. Wood riser cladding is specified in Division 06 Section “Interior Architectural

Woodwork.”

1.2 SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Shop Drawings:  Show installation details including location and layout of each type of
wood flooring and accessory.

C. Samples for Initial Selection: Manufacturer's color charts showing the full range of colors
and finishes available for wood flooring.

1. Include Samples of accessories involving color and finish selection

D. Samples for Verification:  For each type of wood flooring and accessory, with each stain
color and finish required, approximately 12 inches (300 mm) long and of same thickness
and material indicated for the Work.  Include sample sets showing the full range of normal
color and texture variations expected.

1.3 QUALITY ASSURANCE

A. Installer Qualifications:  An experienced installer who has completed wood flooring similar
in material, design, and extent to that indicated for this Project and whose work has
resulted in wood flooring installations with a record of successful in-service performance.

B. Source Limitations:  Obtain each type of material and product from one source with
resources to provide materials and products of consistent quality in appearance and
physical properties.

C. Hardwood Flooring:  Comply with NWFA grading rules for species, grade, and cut.
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D. Mockups: Build mockups to verify selections made under sample submittals, to
demonstrate aesthetic effects, and to set quality standards for materials and execution.

1. Provide in-place sample of two adjacent treads with risers demonstrating the two
stain colors selected, in location directed by Architect.

2. Reprepare mock-up as required to obtain Architect’s approval.
3. Obtain Architect's approval of visual qualities before proceeding with work.  
4. Protect approved mock-ups until all work has been completed.  
5. Approved mock-ups will represent the minimum standard of acceptability for each

portion of the work.
6. Approved mockups may become part of the completed Work if undisturbed at time

of Substantial Completion.

1.4 DELIVERY, STORAGE, AND HANDLING

A. Protect wood flooring from exposure to moisture.  Do not deliver wood flooring until after
concrete, masonry, plaster, ceramic tile, and similar wet-work is complete and dry.

B. Store wood flooring materials in a dry, warm, well-ventilated, weathertight location.

C. Move wood flooring into spaces where it will be installed, at least seven days before
installation.

1.5 PROJECT CONDITIONS

A. Conditioning:  Maintain relative humidity planned for building occupants and an ambient
temperature between 65 and 75 deg F (18 and 24 deg C) in spaces to receive wood
flooring for at least seven days before installation, during installation, and for at least
seven days after installation.  After post-installation period, maintain relative humidity and
ambient temperature planned for building occupants.

1. Open sealed packages to allow wood flooring to acclimatize.
2. Do not install flooring until it adjusts to the relative humidity of and is at the same

temperature as the space where it is to be installed.
3. Close spaces to traffic during flooring installation and for time period after

installation recommended in writing by flooring and finish manufacturers.

PART 2 - PRODUCTS

2.1 FACTORY FINISHED SOLID-WOOD PLANK FLOORING

A. Solid-Wood Flooring, Factory-Finished: Kiln dried to 6 to 9 percent maximum moisture
content; tongue and groove and end matched; with backs channeled.

1. Species: Maple.
2. Grade: Select and Better.
3. Cut: Rift and Quartered.
4. Thickness: 3/4 inch.
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5. Face Width: 4 inches
6. Edge Style: Square.
7. Lengths: Random-length strips complying with applicable grading rules.
8. Finish: Satin, waterborne clear acrylic urethane over stain, UV resistant.

a. Colors: Two, as follows
1) Transparent stain, as selected by Architect from manufacturer's full

range.
2) Minwax Navy MW471

2.2 ACCESSORY MATERIALS

A. Felt Underlayment:  ASTM D 226, Type I, No. 15, asphalt-saturated felt.

B. Wood Flooring Adhesive:  Mastic recommended by flooring and adhesive manufacturers
for application indicated.

C. Fasteners:  As recommended by manufacturer, but not less than that recommended in
NWFA's "Installing Hardwood Flooring."

D. Cork Expansion Strip:  Composition cork strip complying with FS HH-C-576, Type I-B,
Class 2.

E. Wood Trim:  In same species and grade as wood flooring, unless otherwise indicated.

1. Nosing: 5/4" thick, continuous stair nosing, in stain color as selected by Architect.
2. Feature Strip in Treads: 1 inch wide, solid wood insert,  in stain color as selected by

Architect.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates, areas, and conditions, with Installer present, for compliance with
requirements, installation tolerances, and other conditions affecting performance of wood
flooring.  Proceed with installation only after unsatisfactory conditions have been
corrected.

3.2 INSTALLATION

A. General:  Comply with flooring manufacturer's written instructions, but not less than
recommendations in NWFA's "Installing Hardwood Flooring," as applicable to flooring
type.

B. Pattern:  Lay wood flooring in pattern indicated on Drawings or, if not indicated, as
directed by Architect.
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C. Expansion Space:  Provide expansion space at walls and other obstructions and
terminations of flooring of not less than 3/4 inch (19 mm), unless otherwise indicated on
Drawings.

1. Unless fully concealed by trim, fill expansion space with flush cork expansion strip.

D. Felt Underlayment:  Where strip or plank flooring is nailed to solid-wood subfloor, install
flooring over a layer of asphalt-saturated felt.

E. Solid-Wood Strip and Plank Flooring:  Blind nail or staple flooring to substrate according
to NWFA's written recommendations.

1. Plank Flooring: For flooring of face width more than 3 inches (76 mm):
a. Hardwood: Install countersunk screws at each end of each piece in addition

to blind nailing. Cover screw heads with wood plugs glued flush with flooring.

3.3 PROTECTION

A. Cover installed wood flooring to protect it from damage or deterioration, before and after
finishing, during remainder of construction period.  Use heavy kraft-paper or other suitable
covering.  Do not use plastic sheet or film that could cause condensation.

1. Do not move heavy and sharp objects directly over kraft-paper-covered wood
flooring. Protect flooring with plywood or hardboard panels to prevent damage from
storing or moving objects over flooring

END OF SECTION 096400
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SECTION 096500 - RESILIENT FLOORING AND ACCESSORIES

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following:

1. Luxury vinyl flooring
2. Rubber wall base.
3. Resilient flooring accessories.

1.2 ACTION SUBMITTALS

A. Product data for each type of product specified.

B. Samples for verification purposes in form of actual flooring or sections of accessories for
each color and pattern specified.

C. Shop Drawings: Indicate decorative pattern layout, if any.  Show location of seams and
edges. Indicate location of columns, doorways, enclosing partitions, built-in furniture,
cabinets, and cutout locations.

1.3 INFORMATIONAL SUBMITTALS

A. Maintenance data for resilient flooring and accessories.

1.4 QUALITY ASSURANCE

A. Single-Source Responsibility for Floor Tile and Accessories:  Obtain each type, color, and
pattern of tile and accessory from a single source.

B. Fire Performance Characteristics:  Provide resilient flooring with the following fire
performance characteristics as determined by testing products per test method indicated
below by UL or another testing and inspecting agency acceptable to authorities having
jurisdiction.

1. Critical Radiant Flux:  0.45 watts per sq. cm or more, Class 1, per ASTM E 648 or
NFPA 253.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Store resilient materials on flat surface in dry space protected from the weather with
ambient temperatures maintained between 50 deg F (10 deg C) and 90 deg F (32 deg C).
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B. Move floor coverings and installation accessories into spaces where they will be installed
at least 48 hours before installation, unless longer conditioning periods are recommended
in writing by manufacturer.

1.6 PROJECT CONDITIONS

A. Maintain a minimum temperature of 70 deg F (21 deg C) in spaces to receive resilient
flooring for at least 72 hours prior to installation, during installation, and for not less than
72 hours after installation.  After this period, maintain a temperature of not less than 55
deg F (13 deg C).

B. Moisture Testing of Concrete Substrates: Perform moisture tests recommended by
manufacturer and as follows: 

1. Testing Procedures: Perform calcium chloride or moisture meter tests as required
by floor topping and resilient tile manufacturers.
a. Calcium Chloride Testing: Anhydrous calcium chloride test, ASTM F 1869. 
b. Moisture Meter Testing: Relative humidity test using in situ probes,

ASTM F 2170.  

2. Proceed with installation only after substrates do not exceed maximum
moisture-vapor-emission rate or relative humidity level measurement acceptable to
flooring material manufacturer.

C. Do not install flooring or accessories until they are at the same temperature as the space
where they are to be installed.

D. Close spaces to traffic during flooring installation.

1.7 SEQUENCING AND SCHEDULING

A. Install flooring and accessories after other finishing operations, including painting, have
been completed.

1.8 EXTRA MATERIALS

A. Extra Materials:  Furnished from same production run as resilient base and accessories
installed.  Furnish 5% of each type and color of material provided in the work.  Package
materials with protective covering and identify with labels describing contents.  Deliver
extra materials to Owner.  

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers
offering products which may be incorporated in the Work include, but are not limited to,
the following:
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1. Tiles:  
a. Armstrong World Industries
b. Mannington
c. Altro
d. Johnsonite
e. Shaw Contract
f. Tarkett
g. Tandus Centiva

2. Base and Other Accessories:  
a. Endura
b. Flexco
c. Roppe
d. Johnsonite

2.2 PRODUCTS, GENERAL

A. Colors, Textures, and Patterns:  Provide tile, sheet goods and accessories in color,
texture and pattern to match specified products.  Colors and patterns indicated by
reference to manufacturer's name and designations are for color and pattern identification
only and are not intended to limit selection of other manufacturer's products with similar
colors and patterns.  If no colors or patterns are indicated, provide color(s) and pattern(s)
as selected by Architect from manufacturer’s standards.

2.3 RESILIENT TILE FLOORING

A. Luxury Vinyl Tile (LVT): Luxury vinyl tile complying with ASTM F1700, Class III, Type B
and as follows:

1. Basis of Design Product: Mannington Commercial “Shift” from the Active Lines
Collection. 

2. Size: 18" x 18"
3. Thickness: 0.098 inches
4. Wear Layer Thickness: 40 mil
5. Wear Layer: Quantum Guard Elite
6. Edges: Unbeveled 
7. Color: Zoom Blue ALS303
8. Location: As scheduled.
9. Installation Method: All arrows in the same direction.

2.4 RESILIENT WALL BASE

A. Rubber  Wall Base: ASTM F 1861, Type TP, Group 1 (solid), 4" high, 1/8" thick, smooth
surface, and as follows:

1. Style: Cove base with toe (set-on type)
2. Lengths:  Coils in manufacturer's standard length.
3. Inside and Outside Corners: Preformed.
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4. Products: Traditional Rubber Base by Johnsonite/Tarkett.
5. Color(s): Medium Grey. 

2.5 MISCELLANEOUS RESILIENT ACCESSORIES

A. Colors:  As selected by Architect from manufacturer's full range of colors produced for
accessory molding complying with requirements indicated. 

B. Rubber Accessory Moldings:   Provide rubber accessory molding complying with the
following:

1. Product Description:  Carpet edge for glue-down applications, carpet nosing,
reducer strip for resilient flooring, tile and carpet joiner, and resilient nosing for
carpeted stair treads and landings. 

2. Profile and Dimensions:  As indicated or required. 
a. Resilient Stair Nosing: Provide Johnsonite VCD-40 Black or equal.

2.6 INSTALLATION ACCESSORIES

A. Concrete Slab Primer:  Nonstaining type as recommended by flooring manufacturer.

1. Use primers that have a VOC content of not more than 200 g/L when calculated
according to 40 CFR 59, Subpart D (EPA Method 24).

B. Concrete Sealer:  Type recommended and approved by resilient flooring manufacturer
and adhesive manufacturer to ensure proper adhesion of resilient flooring to substrate.

1. Use sealers that have a VOC content of not more than 200 g/L when calculated
according to 40 CFR 59, Subpart D (EPA Method 24).

C. Trowelable Underlayments and Patching Compounds:  Latex-modified,
portland-cement-based formulation provided or approved by flooring manufacturer for
applications indicated.

D. Adhesives (Cements):  Products supplied by resilient flooring and accessory
manufacturers, of type recommended to suit resilient products and substrate conditions
indicated.

1. Use adhesives that have a VOC content of not more than the following when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
a. Wall Base, Accessories: 50 g/L 

E. Floor Polish: Acrylic type, as recommended by flooring material manufacturer.

PART 3 - EXECUTION

3.1 EXAMINATION
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A. General:  Examine areas where installation of flooring will occur, with Installer present, to
verify that substrates and conditions are satisfactory for flooring installation and comply
with flooring manufacturer's requirements and those specified in this Section.

B. Concrete Subfloors:  Verify that concrete slabs comply with ASTM F 710 and the
following:

1. Slab substrates are dry and free of curing compounds, sealers, hardeners, and
other materials whose presence would interfere with bonding of adhesive. 
Determine adhesion and dryness characteristics by performing bond tests
recommended by flooring manufacturer.

2. Finishes of subfloors comply with tolerances and other requirements specified in
Division 03 Section "Cast-In-Place Concrete" for slabs receiving resilient flooring.

3. Subfloors are free of cracks, ridges, depressions, scale, and foreign deposits of any
kind.

C. Concrete Moisture Emission Tests:  Perform calcium chloride test as per manufacturer's
directions, as follows, and other tests if recommended by resilient flooring and adhesive
manufacturer:

 
1. Perform moisture test at rate of one per 2,000 sq.ft. of new and existing floor area

to be covered.
2. Report test results in writing to Architect, and Contractor within 24 hours after tests

are completed.  Reports of concrete moisture emission tests shall contain the
Project identification name and number, date of test location of test within structure. 

3. Perform additional moisture emission tests of in-place concrete when test results
indicate specified moisture content has been exceeded, as directed by Architect.
a. Repeat test one week after initial test minimally and additionally repeat test

if required by field conditions to determine moisture levels in area of resilient
flooring application.

D. Do not proceed with installation until unsatisfactory conditions have been corrected.

E. Only if it is not possible to provide a concrete substrate with acceptable moisture levels, 
then a surface applied moisture mitigation system shall be used that meets the
requirements of ASTM F3010 Standard Practice for Two-Component Resin Based
Membrane-Forming Moisture Mitigation Systems for Use Under Resilient Floor Coverings.

3.2 PREPARATION

A. General:  Comply with manufacturer's installation specifications to prepare substrates
indicated to receive flooring.

B. Use trowelable leveling and patching compounds per flooring manufacturer's directions
to fill cracks, holes, and depressions in substrates and to patch and level floors as
required to provide suitable substrate for flooring application.
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C. Remove coatings, including curing compounds, and other substances that are
incompatible with flooring adhesives by using a grinder, sander, or polishing machine with
a heavy-duty wire brush.

D. Broom or vacuum clean substrates to be covered by flooring immediately before
installation of flooring.  Following cleaning, examine substrates for moisture, alkaline salts,
carbonation, or dust.

E. Apply concrete slab primer, if recommended by flooring manufacturer, prior to applying
adhesive.  Apply according to manufacturer's directions.

F. Seal concrete substrates as required by moisture test results to ensure proper adhesion
of resilient flooring to substrate.

3.3 TILE INSTALLATION

A. General:  Comply with tile manufacturer's installation directions and other requirements
indicated that are applicable to each type of tile installation included in Project.

B. Lay out tiles from center marks established with principal walls so tiles at opposite edges
of room are of equal width.  Install tiles square with room axis, unless otherwise indicated.

C. Match tiles for color and pattern by selecting tiles from cartons in same sequence as
manufactured and packaged, if so numbered.  Cut tiles neatly around all fixtures.  Discard
broken, cracked, chipped, or deformed tiles.

1. Lay tiles in decorative patterns as indicated on Drawings.

D. Scribe, cut, and fit tiles to butt tightly to vertical surfaces and edgings.

E. Extend tiles into toe spaces, door reveals, closets, and similar openings.

F. Maintain reference markers, holes, and openings that are in place or marked for future
cutting by repeating on finish flooring as marked on subfloor.  Use chalk or other
nonpermanent, nonstaining marking device.

G. Install tiles on covers for telephone and electrical ducts, and similar items in finished floor
areas.  Maintain overall continuity of color and pattern with pieces of flooring installed on
covers.  Tightly adhere edges to perimeter of floor around covers and to covers.

H. Adhere tiles to flooring substrates without producing open cracks, voids, raising and
puckering at joints, telegraphing of adhesive spreader marks, or other surface
imperfections in completed tile installation.

I. Use full spread of adhesive applied to substrate in compliance with tile manufacturer's
directions including those for trowel notching, adhesive mixing, and adhesive open and
working times.

J. Hand roll tiles where required by tile manufacturer.
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3.4 INSTALLATION OF WALL BASE AND ACCESSORIES

A. General:  Install resilient accessories according to manufacturer's written installation
instructions.

B. Apply resilient wall base to walls, pilasters, casework, and other permanent fixtures in
rooms and areas where base is required.  Install wall base in lengths as long as
practicable.  Tightly adhere wall base to substrate throughout length of each piece, with
base in continuous contact with horizontal and vertical substrates.

1. On masonry surfaces or other similar irregular substrates, fill voids along top edge
of resilient wall base with manufacturer's recommended adhesive filler material.

2. Install preformed corners as per manufacturer’s directions.

C. Place resilient accessories so they are butted to adjacent materials of type indicated and
bond to substrates with adhesive.  Install reducer strips at edges of flooring that otherwise
would be exposed.

3.5 CLEANING AND PROTECTION

A. Perform the following operations immediately after completing installation:

1. Remove visible adhesive and other surface blemishes using cleaner recommended
by manufacturers.

2. Sweep or vacuum floor thoroughly.
3. Do not wash floor until after time period recommended by resilient flooring

manufacturer.
4. Damp-mop flooring to remove black marks and soil.

B. Protect flooring against mars, marks, indentations, and other damage from construction
operations and placement of equipment and fixtures during remainder of construction
period.  Use protection methods indicated or recommended by flooring manufacturer.

1. Apply protective floor polish to flooring surfaces that are free from soil, visible
adhesive, and surface blemishes.  Coordinate selection of floor polish with Owner's
maintenance service requirements.

2. Cover flooring with undyed, untreated building paper until inspection for Substantial
Completion.

C. Clean flooring not more than 4 days prior to dates scheduled for inspections intended to
establish date of Substantial Completion in each area of Project.  Clean flooring using
method recommended by manufacturer.

1. Strip protective floor polish that was applied after completing installation prior to
cleaning.

2. Reapply floor polish after cleaning.
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END OF SECTION 096500
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SECTION 096813 - TILE CARPETING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Modular carpet tile 

B. Related Requirements: 

1. Division 09 Section "Resilient Flooring and Accessories” for resilient wall base, 
stair nosing and accessories installed with carpet tile. 

1.2 PREINSTALLATION MEETINGS 

A. Preinstallation Conference:  Conduct conference at Project site  

1. Review methods and procedures related to carpet tile installation including, but 
not limited to, the following: 
a. Review delivery, storage, and handling procedures. 
b. Review ambient conditions and ventilation procedures. 
c. Review subfloor preparation procedures. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

1. Include manufacturer's written data on physical characteristics, durability, and 
fade resistance. 

2. Include installation recommendations for each type of substrate. 

B. Shop Drawings:  Show the following: 

1. Columns, doorways, enclosing walls or partitions, built-in cabinets, and locations 
where cutouts are required in carpet tiles. 

2. Carpet tile type, color, and dye lot. 
3. Type of subfloor. 
4. Type of installation. 
5. Pattern of installation. 
6. Pattern type, location, and direction. 
7. Pile direction. 
8. Type, color, and location of insets and borders. 
9. Type, color, and location of edge, transition, and other accessory strips. 
10. Transition details to other flooring materials. 
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C. Samples:  For each of the following products and for each color and texture required.  
Label each Sample with manufacturer's name, material description, color, pattern, and 
designation indicated on Drawings and in schedules. 

1. Carpet Tile:  Full-size Sample. 
2. Exposed Edge, Transition, and Other Accessory Stripping:  12-inch- (300-mm-) 

long Samples. 

D. Product Schedule:  For carpet tile.  Use same designations indicated on Drawings. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For Installer. 

B. Product Test Reports:  For carpet tile, for tests performed by a qualified testing agency. 

C. Sample Warranty:  For special warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Maintenance Data:  For carpet tiles to include in maintenance manuals.  Include the 
following: 

1. Methods for maintaining carpet tile, including cleaning and stain-removal 
products and procedures and manufacturer's recommended maintenance 
schedule. 

2. Precautions for cleaning materials and methods that could be detrimental to 
carpet tile. 

1.6 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials, from the same product run, that match products installed and 
that are packaged with protective covering for storage and identified with labels 
describing contents. 

1. Carpet Tile:  Full-size units equal to 5 percent of amount installed for each type 
indicated, but not less than 10 sq. yd. (8.3 sq. m). 

1.7 QUALITY ASSURANCE 

A. Installer Qualifications:  An experienced installer who is certified by the International 
Certified Floorcovering Installers Association at the Commercial II certification level. 

B. Performance Characteristics of Carpet Tile:  Provide carpet tile identical to that tested 
for the following performance characteristics, per test methods indicated: 

1. Flammability:  Passes DOC FF 1-70 Pill Test. 
2. Flame Spread:  Meets NFPA Class 1 when tested under ASTM E-648 Glue 

Down. 
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3. Smoke Density:  450 or less, Flaming Mode when tested under NBS Smoke 
Chamber NFPA-258. 

4. Static:  No more than 3.5 KV when tested under AATCC-134. 
5. Specific Optical Density: Not more than 300 in first 4 minutes tested in flaming or 

non-flaming mode when tested under ASTM E662. 
6. Critical Radiant Flux:  0.45 watts per sq. cm or more per ASTM E 648 or NFPA 

253.  

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Comply with CRI Carpet Installation Standard 2011. 

B. Store carpeting per manufacturer’s recommendations for allowable temperature and 

humidity range. Products shall not be allowed to become damp. 

C. Remove carpeting from packaging and store in unoccupied, ventilated areas (100% 

outside air supply, minimum of 1.5 air changes per hour, no recirculation) for 24-72 
hours prior to installation. Carpeting shall not be stored with materials which have high 
emissions of VOCs or other contaminants. Materials with high short-term emissions 
include, but are not limited to: adhesives, sealants and glazing compounds (specifically 
those with petrochemical vehicles or carriers); paint, wood preservatives, and finishes; 
control and/or expansion joint fillers; hard finishes requiring adhesive installation; 
gypsum board (with associated finish processes and products); and composite or 
engineered wood products with formaldehyde binders 

1.9 FIELD CONDITIONS 

A. Comply with CRI Carpet Installation Standard 2011 for temperature, humidity, and 
ventilation limitations. 

B. Environmental Limitations:  Do not deliver or install carpet tiles until spaces are 
enclosed and weathertight, wet work in spaces is complete and dry, and ambient 
temperature and humidity conditions are maintained at occupancy levels during the 
remainder of the construction period. 

C. Do not install carpet tiles over concrete slabs until slabs have cured and are sufficiently 
dry to bond with adhesive and concrete slabs have pH range recommended by carpet 
tile manufacturer. 

D. Where demountable partitions or other items are indicated for installation on top of 
carpet tiles, install carpet tiles before installing these items. 

1.10 WARRANTY 

A. Special Warranty for Carpet Tiles:  Manufacturer agrees to repair or replace 
components of carpet tile installation that fail in materials or workmanship within 
specified warranty period. 

1. Warranty does not include deterioration or failure of carpet tile due to unusual 
traffic, failure of substrate, vandalism, or abuse. 
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2. Failures include, but are not limited to, more than 10 percent edge raveling, 
snags, runs, dimensional stability, excess static discharge, loss of tuft bind 
strength, loss of face fiber, and delamination. 

3. Warranty Period:  Lifetime. 
 

PART 2 - PRODUCTS  

2.1 CARPET TILE  

A. Manufacturers: Provide specified Basis of Design products or equal manufactured by 
one of the following manufacturers: 

1. Interface 
2. Mannington 
3. Milikin  
4. Mohawk Commercial Carpet 
5. Shaw 
6. Tarkett 

B. Sustainable Carpet Certification: Provide carpet tile that has a NSF/ANSI 140 rating of 
Gold or better. 

C. Emissions:  Provide carpet tile that complies with testing and product requirements of 
Carpet and Rug Institute's "Green Label Plus" program.  

D. Carpet Tile CPT 1:  

1. Construction: Tufted textured loop 
2. Yarn System: Thrive by Universal Fibers Nylon 6,6 with 75% recycled content 
3. Dye Method: 100% solution dyed  
4. Face Weight: 12 oz. per square yard. 
5. Machine Gage: 1/12 in. 
6. Pile Height (High):  0.196 in.  
7. Pile Height (Medium):  0.152 in. 
8. Pile Height (Low):  0.094 in 
9. Total Thickness: 5.2 in. 
10. Total Weight: 90 oz/sq yd 
11. Average Density: 5057 
12. Stitches per Inch: 11.9 
13. Backing: AFIRMA II Hardback 
14. Size: 18 in x 36 in 
15. Guarantees:  15 Years for Surface Wear, Edge Ravel, Delamination, and Tuft 

Bind. 
16. Basis of Design Product: History Notes #4RIT20 from Master Class Collection by 

Bentley Mills, or equal.   
17. Color: Loyalty 411490 
18. Installation Method:  Brick. 
19. Location: Field Tile, as scheduled  
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E. Carpet Tile CPT2 and CPT3:  

1. Construction: Tufted textured loop 
2. Yarn System: Antron Legacy Type Nylon 6,6  
3. Dye Method:  COLORCAST  
4. Face Weight: 14 oz. per square yard. 
5. Machine Gage: 1/12 in. 
6. Pile Height (High):  0.055 in.  
7. Pile Height (Medium):  0.09 in. 
8. Pile Height (Low):  0.15 in 
9. Total Thickness: 0.205 in. 
10. Total Weight: 62 oz/sq yd 
11. Average Density: 5478 
12. Stitches per Inch: 10.5 
13. Backing: AFIRMA II Hardback 
14. Size: 18 in x 36 in 
15. Guarantees:  15 Years for Surface Wear, Edge Ravel, Delamination, and Tuft 

Bind. 
16. Basis of Design Product: Tech UpD8 #4TDT40 from Math Club Collection by 

Bentley Mills, or equal.   
17. Color:  

a. CPT2: Theorem 400012 
b. CPT3: Plus or Minus 400014 

18. Installation Method:  Brick. 
19. Location: Field Tile, locations as scheduled. 

2.2 INSTALLATION MATERIALS 

A. Trowelable Leveling and Patching Compounds:  Latex-modified, hydraulic-cement-
based formulation provided or recommended by carpet tile manufacturer. 

B. Adhesives:  Water-resistant, mildew-resistant, nonstaining, pressure-sensitive type to 
suit products and subfloor conditions indicated, that complies with flammability 
requirements for installed carpet tile and is recommended by carpet tile manufacturer 
for releasable installation. 

C. Metal Edge/Transition Strips:  Extruded aluminum with mill finish of profile and width 
shown, of height required to protect exposed edge of carpet, and of maximum lengths 
to minimize running joints. 

D. Carpet Edge Guard:  Refer to Division 09 Section "Resilient Flooring and Accessories." 

E. Resilient Stair Nosing: Refer to Division 09 Section "Resilient Flooring and 
Accessories." 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for maximum moisture content, alkalinity range, installation tolerances, 
and other conditions affecting carpet tile performance.  Examine carpet tile for type, 
color, pattern, and potential defects. 

B. Concrete Subfloors:  Verify that concrete slabs comply with ASTM F 710 and the 
following: 

1. Slab substrates are dry and free of curing compounds, sealers, hardeners, and 
other materials that may interfere with adhesive bond.  Determine adhesion and 
dryness characteristics by performing bond and moisture tests recommended by 
carpet tile manufacturer. Do not install flooring if subfloor moisture emission rate 
exceeds indicated amounts. 
a. Calcium Chloride Testing: Perform anhydrous calcium chloride test, 

ASTM F 1869.  Proceed with installation only after substrates do not 
exceed the maximum moisture-vapor-emission rate acceptable to flooring 
manufacturer. 

b. Moisture Meter Testing: Perform relative humidity test using in situ probes, 
ASTM F 2170.  Proceed with installation only after substrates have relative 
humidity level measurement acceptable to flooring material manufacturer. 

c. Testing Procedures 
1) Where flooring is indicated to be applied to structural concrete 

topping or concrete slab-on-grade substrates, perform moisture 
meter tests. 

2) Where flooring is indicated to be applied to areas where hydraulic 
cement topping is installed, perform calcium chloride or moisture 
meter tests as required by topping manufacturer. 

2. Subfloor finishes comply with requirements specified in Section 033000 "Cast-in-
Place Concrete" for slabs receiving carpet tile. 

3. Subfloors are free of cracks, ridges, depressions, scale, and foreign deposits. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. General:  Comply with CRI Carpet Installation Standard 2011, Section 7, "Site 
Conditions; All Installations," and with carpet tile manufacturer's written installation 
instructions for preparing substrates indicated to receive carpet tile installation. 

B. Use trowelable leveling and patching compounds, according to manufacturer's written 
instructions, to fill cracks, holes, depressions, and protrusions in substrates.  Fill or 
level cracks, holes and depressions 1/8 inch (3 mm) wide or wider and protrusions 
more than 1/32 inch (0.8 mm) unless more stringent requirements are required by 
manufacturer's written instructions. 
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C. Remove coatings, including curing compounds, and other substances that are 
incompatible with adhesives and that contain soap, wax, oil, or silicone, without using 
solvents.  Use mechanical methods recommended in writing by carpet tile 
manufacturer. 

D. Clean metal substrates of grease, oil, soil and rust, and prime if directed by adhesive 
manufacturer.  Rough sand painted metal surfaces and remove loose paint.  Sand 
aluminum surfaces, to remove metal oxides, immediately before applying adhesive. 

E. Broom and vacuum clean substrates to be covered immediately before installing carpet 
tile. 

3.3 INSTALLATION 

A. General:  Comply with CRI Carpet Installation Standard 2011, Section 18, “Modular 
Carpet,” and with carpet tile manufacturer's written installation instructions. 

B. Maintain dye lot integrity.  Do not mix dye lots in same area. 

C. Cut and fit carpet tile to butt tightly to vertical surfaces, permanent fixtures, and built-in 
furniture including cabinets, pipes, outlets, edgings, thresholds, and nosings.  Bind or 
seal cut edges as recommended by carpet tile manufacturer. 

D. Extend carpet tile into toe spaces, door reveals, closets, open-bottomed obstructions, 
removable flanges, alcoves, and similar openings. 

E. Maintain reference markers, holes, and openings that are in place or marked for future 
cutting by repeating on finish flooring as marked on subfloor.  Use nonpermanent, 
nonstaining marking device. 

F. Install pattern parallel to walls and borders, unless otherwise indicated. 

3.4 CLEANING AND PROTECTION 

A. Perform the following operations immediately after installing carpet tile: 

1. Remove excess adhesive, seam sealer, and other surface blemishes using 
cleaner recommended by carpet tile manufacturer. 

2. Remove yarns that protrude from carpet tile surface. 
3. Vacuum carpet tile using commercial machine with face-beater element. 

B. Protect installed carpet tile to comply with CRI Carpet Installation Standard 2011, 
Section 20, "Protecting Indoor Installations." 

1. Restrict traffic over adhesive installations for a minimum of 48 hours to allow 
proper adhesive cure.  

2. Restrict exposure to water from cleaning or other sources for a minimum of 30 
days. 
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3. If required to protect the finished floor covering from dirt or paint, or if additional 
work is to be done after the installation, cover carpeting with a non-staining 
building material paper. 

4. Protect the installation from rolling traffic by using sheets of hardboard or 
plywood in affected areas. 

C. Protect carpet tile against damage from construction operations and placement of 
equipment and fixtures during the remainder of construction period.  Use protection 
methods indicated or recommended in writing by carpet tile manufacturer. 

END OF SECTION 096813 
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SECTION 096816 - SHEET CARPETING

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes:

1. Broadloom carpet
2. Accessories

1.2 ACTION SUBMITTALS

A. Product data for each type of carpet material and installation accessory required.  Submit
written data on physical characteristics, durability, resistance to fading, and flame
resistance characteristics. Include installation recommendations for each type of substrate.

B. Shop drawings showing layout and seaming diagrams.  Indicate pile or pattern direction
and locations and types of edge strips.  Indicate decorative pattern.  Indicate columns,
doorways, enclosing walls or partitions, built-in cabinets, and locations where cutouts are
required in carpet.  Show installation details at special conditions.

C. Samples for verification purposes showing full range of color, texture, and pattern
variations expected.  Prepare samples from same material to be used for the Work. 
Submit the following:

1. 12-inch-square samples of each type of carpet material required.
2. 12-inch-long samples of each type exposed edge stripping and accessory item.

1.3 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For Installer.

B. Maintenance Data:  For carpet to include in maintenance manuals specified in Division 01. 
Include the following:

1. Methods for maintaining carpet, including cleaning and stain-removal products and
procedures and manufacturer's recommended maintenance schedule.

2. Precautions for cleaning materials and methods that could be detrimental to carpet.

C. Sample Warranty:  For special warranty

1.4 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials, from the same product run, that match products installed and that
are packaged with protective covering for storage and identified with labels describing
contents.
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1. Sheet Carpet:  5 percent of amount installed for each type indicated, but not less
than 10 sq. yd.

1.5 QUALITY ASSURANCE

A. Installer Qualifications:  An experienced installer who is certified by the International
Certified Floorcovering Installers Association at the Commercial II certification level.

B. Performance Characteristics of Carpet:  Provide carpet identical to that tested for the
following performance characteristics, per test methods indicated:

1. Flammability:  Passes DOC FF 1-70 Pill Test.
2. Flame Spread:  Meets NFPA Class 1 when tested under ASTM E-648 Glue Down.
3. Smoke Density:  450 or less, Flaming Mode when tested under NBS Smoke

Chamber NFPA-258.
4. Static:  No more than 3.5 KV when tested under AATCC-134.
5. Critical Radiant Flux:  0.45 watts per sq. cm or more per ASTM E 648 or NFPA 253

1.6 DELIVERY, STORAGE, AND HANDLING

A. Comply with the Carpet and Rug Institute's CRI 104.

B. Store materials in original undamaged packages and containers, inside well-ventilated
area protected from weather, moisture, soilage, extreme temperatures, and humidity.  Lay
flat, blocked off ground.  Maintain minimum temperature of 68 deg F (20 deg C) at least
three days prior to and during installation in area where materials are stored.

C. Where feasible, remove carpeting from packaging and store in unoccupied, ventilated
areas (100% outside air supply, minimum of 1.5 air changes per hour, no recirculation) for
24-72 hours prior to installation. Carpeting shall not be stored with materials which have
high emissions of VOCs or other contaminants. Materials with high short-term emissions
include, but are not limited to: adhesives, sealants and glazing compounds (specifically
those with petrochemical vehicles or carriers); paint, wood preservatives, and finishes;
control and/or expansion joint fillers; hard finishes requiring adhesive installation; gypsum
board (with associated finish processes and products); and composite or engineered wood
products with formaldehyde binders.

1.7 PROJECT CONDITIONS

A. Comply with the Carpet and Rug Institute's CRI 104 for temperature, humidity, and
ventilation limitations.

B. Environmental Limitations: Do not deliver or install carpet until spaces are enclosed and
weathertight, wet-work in spaces is complete and dry, and ambient temperature and
humidity conditions are maintained at levels planned for building occupants during the
remainder of the construction period.

C. Do not install carpet over concrete slabs until slabs have cured, are sufficiently dry to bond
with adhesive, and have pH range recommended by carpet manufacturer.
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D. Where demountable partitions or other items are indicated for installation on top of carpet,
install carpet before installing these items.

1.8 WARRANTY

A. Special Warranty for Carpet:  Manufacturer agrees to repair or replace components of
carpet tile installation that fail in materials or workmanship within specified warranty period.

1. Warranty does not include deterioration or failure of carpet tile due to unusual traffic,
failure of substrate, vandalism, or abuse.

2. Failures include, but are not limited to, more than 10 percent edge raveling, snags,
runs, dimensional stability, excess static discharge, loss of tuft bind strength, loss
of face fiber, and delamination.

3. Warranty Period:  Lifetime.

PART 2 -  PRODUCTS

2.1 CARPET

A. Manufacturers: Provide specified Basis of Design products or equal manufactured by one
of the following manufacturers:

1. Interface
2. Mannington
3. Milikin 
4. Mohawk Commercial Carpet
5. Shaw
6. Tandus Centiva

B. Sustainable Carpet Certification: Provide carpet that has a NSF/ANSI 140 rating of Gold
or better.

C. Emissions:  Provide carpet  that complies with testing and product requirements of Carpet
and Rug Institute's "Green Label Plus" program. 

D. Broadloom Carpet CPT-4:

1. Construction: Tufted textured loop
2. Yarn System: Bently Premium Type 66 Nylon
3. Dye Method: 100% solution dyed 
4. Face Weight: 12 oz. per square yard.
5. Machine Gage: 1/12 in.
6. Pile Height (High):  0.196 in. 
7. Pile Height (Medium):  0.152 in.
8. Pile Height (Low):  0.094 in
9. Total Thickness: .305 in.
10. Total Weight: 85 oz/sq yd
11. Average Density: 5057
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12. Stitches per Inch: 11.9
13. Backing: EliteFlex Cushion
14. Size: EliteFlex 6 foot
15. Pattern Repeat: 72"w x 43-13/64"l
16. Guarantees:  15 Years for Surface Wear, Edge Ravel, Delamination, and Tuft Bind
17. Basis of Design Product: History Notes #4RIT20 from Master Class Collection by

Bentley Mills, or equal.  
18. Color: Loyalty 411490
19. Location: Stair treads and risers. 
20. Installation Method: Direct glue.

2.2 ACCESSORIES

A. Carpet Edge Guard:  Refer to Section "Resilient Flooring and Accessories."

B. Seaming Cement:  Hot-melt adhesive tape or similar product recommended by carpet
manufacturer for taping seams and butting cut edges at backing to form secure seams and
to prevent pile loss at seams.

C. Trowelable Underlayments and Patching Compounds:  Latex-modified,
portland-cement-based formulation provided or approved by carpet manufacturer for
applications indicated.

D. Adhesives:  Water-resistant, mildew-resistant, nonstaining type to suit products and
subfloor conditions indicated, that complies with flammability requirements for installed
carpet and that is recommended by carpet manufacturer.

1. VOC Limits:  Provide adhesives with VOC content not more than 50 g/L when
calculated according to 40 CFR 59, Subpart D (EPA method 24).

PART 3 - EXECUTION

3.1 EXAMINATION

A. General:  Examine areas where installation of flooring will occur, with Installer present, to
verify that substrates and conditions are satisfactory for flooring installation and comply
with flooring manufacturer's requirements and those specified in this Section.

B. Concrete Subfloors:  Verify that concrete slabs comply with ASTM F 710 and the following:

1. Slab substrates are dry and free of curing compounds, sealers, hardeners, and
other materials whose presence would interfere with bonding of adhesive. 
Determine adhesion and dryness characteristics by performing bond and moisture
tests recommended by flooring manufacturer. Do not install flooring if subfloor
moisture emission rate exceeds indicated amounts.
a. Calcium Chloride Testing: Perform anhydrous calcium chloride test, ASTM F

1869.  Proceed with installation only after substrates do not exceed the
maximum moisture-vapor-emission rate acceptable to flooring manufacturer.

096816 - 4                                                   SHEET CARPETING



2 November 2022 Chester Union Free School District
Construction Documents STEM Lab Alterations
SED #44-02-01-02-0-009-006 Chester Academy

b. Moisture Meter Testing: Perform relative humidity test using in situ probes,
ASTM F 2170.  Proceed with installation only after substrates have relative
humidity level measurement acceptable to flooring material manufacturer.

c. Testing Procedures
1) Where flooring is indicated to be applied to structural concrete topping

or concrete slab-on-grade substrates, perform moisture meter tests.
2) Where flooring is indicated to be applied to areas where hydraulic

cement topping is installed, perform calcium chloride or moisture meter
tests as required by topping manufacturer.

2. Finishes of subfloors comply with tolerances and other requirements specified in
Division 03 Section "Cast-In-Place Concrete" for slabs receiving flooring.

3. Subfloors are free of cracks, ridges, depressions, scale, and foreign deposits of any
kind.

C. Do not proceed with installation until unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. General: Comply with the Carpet and Rug Institute's CRI 104 and with carpet
manufacturer's written installation instructions for preparing substrates.

B. Clear away debris and scrape up cementitious deposits from concrete surfaces to receive
carpet; apply sealer to prevent dusting.

C. Use trowelable leveling and patching compounds per manufacturer's directions to fill
cracks, holes, and depressions in substrates and to patch and level floors as required to
provide suitable substrate for carpet application. If previous finish chemically stripped,
reseal concrete.  Seal powdery or porous surfaces with sealer recommended by carpet
manufacturer.

3.3 INSTALLATION

A. Comply with the Carpet and Rug Institute's CRI 104 and carpet manufacturer's written
installation instructions for the installation method specified for each carpet type.

B. Comply with manufacturer's recommendations for seam locations and direction of carpet;
maintain uniformity of carpet direction and lay of pile.  At doorways, center seams under
door in closed position; do not place seams perpendicular to door frame, in direction of
traffic through doorway.  Do not bridge building expansion joints with continuous carpet.

C. Extend carpet under removable flanges and furnishings and into alcoves and closets of
each space.

D. Provide cutouts where required, and bind cut edges where not concealed by protective
edge guards or overlapping flanges.

E. Install carpet edge guard where edge of carpet is exposed; anchor guards to substrate.
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F. Install with pattern parallel to walls and borders and in accordance with approved shop
drawings for carpet layout pattern.

G. Fit sections of carpet prior to application of adhesive.  Trim edges and butt cuts with
seaming cement.

H. Apply adhesive uniformly to substrate in accordance with manufacturer's instructions.  Butt
edges tight to form seams without gaps.  Roll entire area lightly to eliminate air pockets
and ensure uniform bond.

3.4 CLEANING

A. Remove adhesive from carpet surface with manufacturer's recommended cleaning agent.

B. Remove and dispose of debris and unusable scraps.  Vacuum with commercial machine
with face-beater element.  Remove soil.  Replace carpet where soil cannot be removed. 
Remove protruding face yarn.

C. Vacuum carpet.

3.5 PROTECTION

A. Provide final protection and maintain conditions, in a manner acceptable to manufacturer
and installer, to ensure carpet is not damaged or deteriorated at time of Substantial
Completion.

END OF SECTION 096816
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SECTION 097200 - WALL COVERINGS

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following:

1. Non-PVC wall covering, digitally printed (WC).
2. Film for glazing, digitally printed.

1.2 ACTION SUBMITTALS

A. Product Data:  For each type of product indicated.  Include data on physical
characteristics, durability, fade resistance, and flame-resistance characteristics.

B. Shop Drawings:  Show location and extent of each wall-covering type.  Indicate pattern
placement, seams and termination points.

C. Samples for Verification:  Full width by 36-inch- (1000-mm-) long section of wall covering
from dye lot to be used for each type of wall covering indicated for each color, texture, and
pattern required.

D. Schedule:  For wall coverings.  Use same designations indicated on Drawings.

1.3 INFORMATIONAL SUBMITTALS

A. Maintenance Data:  For wall coverings to include in maintenance manuals.

B. Qualification Data: For installers.

1.4 QUALITY ASSURANCE

A. Installer Qualifications: Installation shall be performed  by skilled commercial wallcovering
applicators with no less than three years of documented experience installing wallcovering
of the types and extent specified for the project. 

B. Fire-Test-Response Characteristics:  Provide wall coverings, sealers and adhesives with
the following fire-test-response characteristics as determined by testing identical products
applied with identical adhesives to substrates per test method indicated below by UL or
another testing and inspecting agency acceptable to authorities having jurisdiction.

1. Surface-Burning Characteristics: Class A per ASTM E 84:
a. Flame-Spread Index:  25 or less.
b. Smoke-Developed Index:  450 or less.

C. Mockups:  Build mockups to verify selections made under sample submittals and to
demonstrate appearance and aesthetic effects and set quality standards for installation.
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1. Provide a mockup for each type of wall covering on each substrate required,
minimum 3' x 3' in size.  

2. Locate where directed by Architect.
3. Remove and reprepare mock-up as required to obtain Architect’s approval.
4. Approved mockups may become part of the completed Work if undisturbed at time

of Substantial Completion.

1.5 DELIVERY, STORAGE AND HANDLING

A. Wallcovering shall be delivered to the job site in the manufacturer's original packaging,
properly identified and labeled.

B. Material shall be stored in an undamaged condition in manufacturer's original packaging,
maintained in a clean, dry, protected area where temperature and humidity remains stable
and within the ranges specified by the manufacturer.

1.6 PROJECT CONDITIONS

A. Environmental Limitations:  Do not install wall coverings until spaces are enclosed and
weatherproof, wet work in spaces is complete and dry, work above ceilings is complete,
and ambient temperature and humidity conditions are maintained at the levels indicated
for Project when occupied for its intended use.

B. Lighting:  Do not install wall covering until a permanent level of lighting is provided on the
surfaces to receive wall covering.

C. Ventilation:  Provide continuous ventilation during installation and for not less than the
time recommended by wall-covering manufacturer for full drying or curing.

D. Substrates: Gypsum board substrates shall be finished to comply with AWCI
Specification, Level 5 or higher.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Provide Basis of Design products or equal products by one of the following:

1. Vycon
2. Knoll
3. Koroseal
4. Wolf-Gordon
5. MDC Wallcovering

2.2 WALL-COVERING PRODUCTS

A. General:  Provide rolls of each type of wall covering from the same run number or dye lot.
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B. Flame Spread: All wallcovering materials shall meet NFPA 701.

2.3 DIGITALLY PRINTED NON-PVC WALL COVERING

A. Digitally Printed Non-PVC Wall Covering (WC): PVC free eco-friendly digitally printable
wall covering fabricated from 100% polyester / natural fiber, 54" wide, made with 100%
water based adhesive system, low VOC emitting, and packaged in a roll. Wallcovering
material shall be designed for digital printing using wide format digital printers and inks
that are Eco-solvent, latex, solvent, and UV curable.

1. Pattern: Abstractions ACD-72003
2. Color: Stormy #3
3. Texture: Slightly textured.
4. Basis of Design Product: Digital Solutions “DigiWall Collection” by Arc Com, or

equal.

2.4 DIGITALLY PRINTED WINDOW FILM

A. Digitally Printed Window Film: Cast vinyl, adhesive backed clear graphic film for solvent,
UV and latex inkjet printing designed for application to glass using pressure sensitive
adhesives. Film shall be optically clear and have excellent printability Film shall be digitally
printed in designs indicated below. Ink type shall be approved by wallcovering
manufacturer for use on their product.

1. Film Material: Lintec Window Film CDP-212
2. Color and Pattern: Custom. Pattern shall coordinate with ACW-53403 wallcovering.

Center of triangles will be clear. Lines will be matching blue of wallcovering
3. Panel Size: 570"w x 76"H 
4. Basis of Design Product: Wolf Gordon GOH 32969320 or equal. (Contact Larry

Shagawat 212-255-3300 x849 larry.shagawat@wolfgordon.com) 
5. Application: Window at Computer Lab.

2.5 ACCESSORIES

A. Adhesive:  Mildew-resistant, nonstaining, strippable adhesive, for use with specific wall
covering and substrate application, as recommended in writing by wall-covering
manufacturer.

B. Primer/Sealer:  Mildew-resistant primer/sealer complying with requirements in Division 09
Section "Painting" and recommended in writing by wall-covering manufacturer for intended
substrate.

PART 3 - EXECUTION

3.1 EXAMINATION
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A. Examine substrates and conditions, with Installer present, for compliance with
requirements for levelness, wall plumbness, maximum moisture content, and other
conditions affecting performance of work.

B. Substrate Condition: Do not install wallcovering unless gypsum board wall surface has
been prepared to Level 5 finish.

C. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Comply with manufacturer's written instructions for surface preparation.

B. Clean substrates of substances that could impair wall covering's bond, including mold,
mildew, oil, grease, incompatible primers, dirt, and dust.

C. Prepare substrates to achieve a smooth, dry, clean, structurally sound surface free of
flaking, unsound coatings, cracks, and defects.

1. Moisture Content:  Maximum as permitted by each manufacturer for their product, 
when tested with an electronic moisture meter.

2. Gypsum Board:  Prime with primer recommended by wall-covering manufacturer.

D. Check painted surfaces for pigment bleeding.  Sand gloss, semigloss, and eggshell
finishes with fine sandpaper.

E. Remove hardware and hardware accessories, electrical plates and covers, light fixture
trims, and similar items.

F. Acclimatize wall-covering materials by removing them from packaging in the installation
areas not less than 24 hours before installation.

3.3 INSTALLATION

A. General:  Comply with wall-covering manufacturers' written installation instructions
applicable to products and applications indicated, except where more stringent
requirements apply.

B. Install wallcovering in sequence of rolls as designated by manufacturer to result in finished
installation matching layout drawings approved by the Architect.

C. Install wall covering with no gaps or overlaps, no lifted or curling edges, and no visible
shrinkage.

D. Fully bond wall covering to substrate.  Remove air bubbles, wrinkles, blisters, and other
defects.

E. Trim edges and seams for color uniformity, pattern match, and tight closure.  Butt seams
without any overlay or spacing between strips.
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3.4 CLEANING

A. Remove excess adhesive at finished seams, perimeter edges, and adjacent surfaces.

B. Use cleaning methods recommended in writing by wall-covering manufacturer.

C. Replace strips that cannot be cleaned.

D. Reinstall hardware and hardware accessories, electrical plates and covers, light fixture
trims, and similar items.

END OF SECTION 097200
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SECTION 099100 - PAINTING

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes surface preparation and the application of paint and stain systems
on the following interior substrates:

1. Steel and iron.
2. Galvanized metal.
3. Gypsum board.
4. Wood

B. Related Sections include the following:

1. Division 05 Sections for shop priming of metal substrates with primers specified in
this Section.

2. Division 09 Section “Wood Flooring” for factory finish of wood flooring.

1.2 ACTION SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Samples for Initial Selection:  For each type of topcoat product indicated.

C. Samples for Verification:  For each type of paint system and in each color and gloss of
topcoat indicated.

1. Submit Samples on rigid backing, 8 inches (200 mm) square.
2. Step coats on Samples to show each coat required for system.
3. Label each coat of each Sample.
4. Label each Sample for location and application area.

D. Product List:  For each product indicated, include the following:

1. Cross-reference to paint system and locations of application areas.  Use same
designations indicated on Drawings and in schedules.

2. Printout of current "MPI Approved Products List" for each product category specified
in Part 2, with the proposed product highlighted.

1.3 INFORMATIONAL SUBMITTALS

A. Maintenance Data: Provide paint codes for all colors and paint materials provided on the
Project, to accommodate color matching for maintenance stock of paint.
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1.4 QUALITY ASSURANCE

A. MPI Standards: Maintain copy of this standard at the Project site at all times.

1. Products:  Complying with MPI standards indicated and listed in "MPI Approved
Products List."

2. Preparation and Workmanship:  Comply with requirements in "MPI Architectural
Painting Specification Manual" for products and paint systems indicated.

B. Mockups:  Apply benchmark samples of each paint system indicated and each color and
finish selected to verify preliminary selections made under sample submittals and to
demonstrate aesthetic effects and set quality standards for materials and execution.

1. Architect will select one surface to represent surfaces and conditions for application
of each paint system specified in Part 3.
a. Wall and Ceiling Surfaces:  Provide samples of at least 100 sq. ft.
b. Other Items:  Architect will designate items or areas required.

2. Apply benchmark samples after permanent lighting and other environmental
services have been activated.

3. Final approval of color selections will be based on benchmark samples.
a. If preliminary color selections are not approved, apply additional benchmark

samples of additional colors selected by Architect at no added cost to Owner.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Store materials not in use in tightly covered containers in well-ventilated areas with
ambient temperatures continuously maintained at not less than 45 deg F (7 deg C).

1. Maintain containers in clean condition, free of foreign materials and residue.
2. Remove rags and waste from storage areas daily.

1.6 PROJECT CONDITIONS

A. Apply paints only when temperature of surfaces to be painted and ambient air
temperatures are between 50 and 95 deg F (10 and 35 deg C).

B. Do not apply paints when relative humidity exceeds 85 percent; at temperatures less than
5 deg F (3 deg C) above the dew point; or to damp or wet surfaces.

C. Do not apply paints in snow, rain, fog, or mist; when relative humidity exceeds 85 percent;
at temperatures less than 5 deg F (3 deg C) above the dew point; or to damp or wet
surfaces.

PART 2 - PRODUCTS

2.1 MANUFACTURERS
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A. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:

1. Benjamin Moore & Co.
2. PPG Architectural Finishes, Inc.
3. Sherwin-Williams Company (The).
4. Tnemec
5. Wolf Gordon

2.2 PAINT, GENERAL

A. Material Compatibility:

1. Provide materials for use within each paint system that are compatible with one
another and substrates indicated, under conditions of service and application as
demonstrated by manufacturer, based on testing and field experience.

2. For each coat in a paint system, provide products recommended in writing by
manufacturers of topcoat for use in paint system and on substrate indicated.

B. VOC Content of Field-Applied Interior Paints and Coatings:  Provide products that comply
with the following limits for VOC content, exclusive of colorants added to a tint base, when
calculated according to 40 CFR 59, Subpart D (EPA Method 24)and the OTC (Ozone
Transport Commission) restrictions; these requirements do not apply to paints and
coatings that are applied in a fabrication or finishing shop:

1. Flat Paints, Coatings, and Primers:  VOC content of not more than 50 g/L.
2. Nonflat Paints, Coatings, and Primers:  VOC content of not more than 150 g/L.
3. Anti-Corrosive and Anti-Rust Paints Applied to Ferrous Metals:  VOC not more than

250 g/L.
4. Floor Coatings:  VOC not more than 100 g/L.
5. Shellacs, Clear:  VOC not more than 730 g/L.
6. Shellacs, Pigmented:  VOC not more than 550 g/L.
7. Flat Topcoat Paints:  VOC content of not more than 50 g/L.
8. Nonflat Topcoat Paints:  VOC content of not more than 150 g/L.
9. Anti-Corrosive and Anti-Rust Paints Applied to Ferrous Metals:  VOC not more than

250 g/L.
10. Floor Coatings:  VOC not more than 100 g/L.
11. Shellacs, Clear:  VOC not more than 730 g/L.
12. Shellacs, Pigmented:  VOC not more than 550 g/L.
13. Primers, Sealers, and Undercoaters:  VOC content of not more than 200 g/L.
14. Dry-Fog Coatings:  VOC content of not more than 400 g/L.
15. Zinc-Rich Industrial Maintenance Primers:  VOC content of not more than 340 g/L.
16. Pre-Treatment Wash Primers:  VOC content of not more than 420 g/L.
17. Fire Retardant Paint:  VOC content of not more than 60 g/L.

C. Colors: Ten colors as selected by Architect, plus black and white. Some of these colors
will be accent colors.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates and conditions, with Applicator present, for compliance with
requirements for maximum moisture content and other conditions affecting performance
of work.

B. Maximum Moisture Content of Substrates:  When measured with an electronic moisture
meter as follows:

1. Gypsum Board:  12 percent.
2. Wood: 15 percent

C. Verify suitability of substrates, including surface conditions and compatibility with existing
finishes and primers.

D. Begin coating application only after unsatisfactory conditions have been corrected and
surfaces are dry.

1. Beginning coating application constitutes Contractor's acceptance of substrates and
conditions.

3.2 PREPARATION

A. Comply with manufacturer's written instructions and recommendations in "MPI
Architectural Painting Specification Manual" applicable to substrates indicated.

B. Remove plates, machined surfaces, and similar items already in place that are not to be
painted.  If removal is impractical or impossible because of size or weight of item, provide
surface-applied protection before surface preparation and painting.

1. After completing painting operations, use workers skilled in the trades involved to
reinstall items that were removed.  Remove surface-applied protection if any.

2. Do not paint over labels of independent testing agencies or equipment name,
identification, performance rating, or nomenclature plates.

C. Clean substrates of substances that could impair bond of paints, including dirt, oil, grease,
and incompatible paints and encapsulants.

1. Remove incompatible primers and reprime substrate with compatible primers as
required to produce paint systems indicated.

D. Steel Substrates:  Remove rust and loose mill scale.  Clean using methods recommended
in writing by paint manufacturer.

E. Galvanized-Metal Substrates:  Remove grease and oil residue from galvanized sheet
metal fabricated from coil stock by mechanical methods to produce clean, lightly etched
surfaces that promote adhesion of subsequently applied paints.
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F. Gypsum Board Substrates:  Do not begin paint application until finishing compound is dry
and sanded smooth.

G. Wood:  Clean surfaces of dirt, oil, and other foreign substances with scrapers, mineral
spirits, and sandpaper, as required.  Sand surfaces exposed to view smooth and dust off.

1. Scrape and clean small, dry, seasoned knots, and apply a thin coat of white shellac
or other recommended knot sealer before applying primer.  After priming, fill holes
and imperfections in finish surfaces with putty or plastic wood filler.  Sand smooth
when dried.

2. Prime, stain, or seal wood to be painted immediately on delivery.  Prime edges,
ends, faces, undersides, and backsides of wood, including cabinets, counters,
cases, and paneling.

3. Seal tops, bottoms, and cutouts of unprimed wood doors with a heavy coat of
varnish or sealer immediately on delivery.

4. When transparent finish is required, backprime with spar varnish or polyurethane.

3.3 APPLICATION

A. Apply paints according to manufacturer's written instructions.

1. Use applicators and techniques suited for paint and substrate indicated.
2. Paint surfaces behind movable equipment and furniture same as similar exposed

surfaces.  Before final installation, paint surfaces behind permanently fixed
equipment or furniture with prime coat only.

3. Paint front and backsides of access panels, removable or hinged covers, and
similar hinged items to match exposed surfaces.

B. Application Procedures:  Apply paints and coatings by brush or roller according to the
manufacturer's directions, except s noted below. Spray application is not permitted for
trim, ceilings and walls, unless specifically approved by Architect in advance for each
individual situation.  Roller application on woodwork is not permitted.

1. Apply paints to produce surface films without cloudiness, spotting, holidays, laps,
brush marks, roller tracking, runs, sags, ropiness, or other surface imperfections. 
Cut in sharp lines and color breaks.

2. Brushes:  Use brushes best suited for the type of material applied.  Use brush of
appropriate size for the surface or item being painted.

3. Rollers:  Use rollers of carpet, velvet back, or high-pile sheep's wool as
recommended by the manufacturer for the material and texture required.

C. Minimum Coating Thickness:  Apply paint materials no thinner than manufacturer's
recommended spreading rate.  Provide the total dry film thickness of the entire system as
recommended by the manufacturer.

D.  Tint each undercoat a lighter shade to facilitate identification of each coat if multiple coats
of same material are to be applied.  Tint undercoats to match color of topcoat, but provide
sufficient difference in shade of undercoats to distinguish each separate coat.
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E. If undercoats or other conditions show through topcoat, apply additional coats until cured
film has a uniform paint finish, color, and appearance.

F. Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush
marks, roller tracking, runs, sags, ropiness, or other surface imperfections.  Cut in sharp
lines and color breaks.

G. Painting Mechanical and Electrical Work:  Paint items exposed in equipment rooms and
occupied spaces including, but not limited to, the following:

1. Mechanical Work:
a. Uninsulated metal piping.
b. Uninsulated plastic piping.
c. Pipe hangers and supports.
d. Tanks that do not have factory-applied final finishes.
e. Visible portions of internal surfaces of metal ducts, without liner, behind air

inlets and outlets.
f. Duct, equipment, and pipe insulation having cotton or canvas insulation

covering or other paintable jacket material.
g. Mechanical equipment that is indicated to have a factory-primed finish for field

painting.

2. Electrical Work:
a. Switchgear.
b. Panelboards.
c. Electrical equipment that is indicated to have a factory-primed finish for field

painting.

3.4 FIELD QUALITY CONTROL

A. Testing of Paint Materials:  Owner reserves the right to invoke the following procedure at
any time and as often as Owner deems necessary during the period when paints are
being applied:

1. Owner will engage the services of a qualified testing agency to sample paint
materials being used.  Samples of material delivered to Project site will be taken,
identified, sealed, and certified in presence of Contractor.

2. Testing agency will perform tests for compliance with product requirements.
3. Owner may direct Contractor to stop applying paints if test results show materials

being used do not comply with product requirements.  Contractor shall remove
noncomplying-paint materials from Project site, pay for testing, and repaint surfaces
painted with rejected materials.  Contractor will be required to remove rejected
materials from previously painted surfaces if, on repainting with complying
materials, the two paints are incompatible.

3.5 CLEANING AND PROTECTION
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A. At end of each workday, remove rubbish, empty cans, rags, and other discarded materials
from Project site.

B. After completing paint application, clean spattered surfaces.  Remove spattered paints by
washing, scraping, or other methods.  Do not scratch or damage adjacent finished
surfaces.

C. Protect work of other trades against damage from paint application.  Correct damage to
work of other trades by cleaning, repairing, replacing, and refinishing, as approved by
Architect, and leave in an undamaged condition.

D. At completion of construction activities of other trades, touch up and restore damaged or
defaced painted surfaces.

3.6 INTERIOR PAINTING SCHEDULE

A. General: Provide listed products or equal products of other named manufacturers in Part
2.

B. Gypsum Board Ceilings: Eggshell acrylic finish.

1. Prime Coat:  Latex-based, interior primer; MPI # 50, X-Green 50, 149, X-Green 149,
LEED 2009, LEED V4, CHPS Certified.
a. Benjamin Moore; Ultra Spec 500 Interior Latex Primer N534

2. Intermediate Coat and Topcoat: Low-luster (eggshell or satin), acrylic-latex, interior
enamel; MPI # 52, X-Green 52, 145, X-Green 145, 139, X-Green 139, LEED 2009
LEED V4, CHPS Certified.
a. Benjamin Moore; Ultra Spec 500 Interior Latex Eggshell N538.

C. Gypsum Drywall Walls: Semi-gloss, acrylic finish.

1. Prime Coat:  Latex-based, interior primer; MPI # 50, X-Green 50, 149, X-Green 149,
LEED 2009, LEED V4, CHPS Certified.
a. Benjamin Moore; Ultra Spec 500 Interior Latex Primer N534  

2. Intermediate Coat and Topcoat: Semigloss acrylic-latex, interior enamel; MPI # 43,
X-Green 43, 146, X-Green 146, 140, X-Green 140, LEED 2009, LEED V4, CHPS
Certified.
a. Benjamin Moore; Ultra Spec 500 Latex Semigloss N539.

D. Gypsum Drywall Walls with Dry Erase Paint. Fast-drying, high gloss waterbased formula
covers in one coat, over primer, which produces a writable and erasable surface suitable
for dry erase markers.

1. Primer: Wolf Gordon “Wink Clear Primer”.
2. Topcoat: Wolf Gordon “Wink Dry Erase Coating” 
3. Ensure wall has been finished to Level 5 drywall finish as per Section 092900 prior

to applying primer.

099100 - 7 PAINTING



2 November 2022 Chester Union Free School District
Construction Documents STEM Lab Alterations
SED #44-02-01-02-0-009-006 Chester Academy

E. Hollow Metal Doors, Frames, and Sidelights, and Ferrous Metals:  Semigloss, acrylic-
enamel finish.

1. Prime Coat: Rust-Inhibitive Primer (Water Based), MPI #107, X-Green 107, 134,
LEED 2009, CHPS Certified.
a. Benjamin Moore; Super Spec HP Acrylic Metal Primer P04.

2. Intermediate Coat and Topcoat:  Factory-formulated semigloss acrylic-latex enamel
for interior application; MPI # 141, X-Green 141, 153, X-Green 153, LEED 2009,
LEED V4.
a. Benjamin Moore; Ultra Spec HP D.T.M. Acrylic Semi-Gloss Enamel, HP29

F. Painted Woodwork:  Semigloss, acrylic finish.

1. Prime Coat:  Latex-based, interior primer; MPI # 50, X-Green 50, 149, X-Green 149,
LEED 2009, LEED V4, CHPS Certified.
a. Benjamin Moore; Ultra Spec 500 Interior Latex Primer N534  

2. Intermediate Coat and Topcoat: Semigloss acrylic-latex, interior enamel; MPI # 43,
X-Green 43, 146, X-Green 146, 140, X-Green 140, LEED 2009, LEED V4, CHPS
Certified.
a. Benjamin Moore; Ultra Spec 500 Latex Semigloss N539.

G. Stained Wood and Woodwork: Satin, waterborne clear acrylic urethane over stain. 

1. Stain Coat: Penetrating wood stain, water-based;  MPI # 186 LEED Credit.  
a. Lenmar (Benjamin Moore); Waterborne Interior Wiping Stain 1WB.1300 (240

g/L)

2. Intermediate Coat and Topcoat: Satin, interior waterborne clear acrylic urethane 
varnish; MPI # 121, 128.
a. Lenmar (Benjamin Moore); Waterborne Aqua-Plastic Urethane Satin,

1WB.1427 (335 g/L)

H. Natural-Finish Wood and Woodwork: Satin, waterborne clear acrylic urethane.
 

1. Three Finish Coats:  Satin, interior waterborne clear acrylic urethane  varnish; MPI
# 121, 128.
a. Lenmar (Benjamin Moore); Waterborne Aqua-Plastic Urethane Satin,

1WB.1427 (335 g/L).

END OF SECTION 099100
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SECTION 101000 - VISUAL DISPLAY SURFACES

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following types of visual display boards:

1. Porcelain enamel markerboards, magnetic (WB1 and WB2)

B. Related Work Specified Elsewhere: 

1. Whiteboard paint for walls is specified in Division 9 Section “Painting.”

1.2 ACTION SUBMITTALS

A. Product Data: Provide manufacturer's product data for each type of visual display board
specified.  

B. Shop Drawings:  For each type of visual display board required, including dimensioned
elevations.  Show location of joints between individual panels where unit dimensions
exceed maximum panel length. Include sections of typical trim members.  Show anchors,
grounds, reinforcement, accessories, layout, and installation details.

1.3 QUALITY ASSURANCE

A. Source Limitations:  Obtain each type of visual display boards through one source from
a single manufacturer.

B. Fire-Test-Response Characteristics:  Provide materials with the surface-burning
characteristics indicated, as determined by testing identical products per ASTM E 84 by
UL or another testing and inspecting agency acceptable to authorities having jurisdiction. 
Identify materials with appropriate markings of applicable testing and inspecting agency.

1. Class A

C. Provide GREENGUARD certified products.

1.4 PROJECT CONDITIONS

A. Field Measurements:  Verify field measurements before preparation of Shop Drawings
and before fabrication to ensure proper fitting.  Coordinate fabrication schedule with
construction progress to avoid delaying the Work.

1. Allow for trimming and fitting where taking field measurements before fabrication
might delay the Work.

2. Established Dimensions:  Where field measurements cannot be made without
delaying the Work, establish dimensions and proceed with fabricating markerboards
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without field measurements.  Coordinate wall construction to ensure actual
dimensions correspond to established dimensions.

1.5 WARRANTY

A. General Warranty:  The special porcelain enamel warranty specified in this Article shall
not deprive the Owner of other rights the Owner may have under other provisions of the
Contract Documents and shall be in addition to, and run concurrent with, other warranties
made by the Contractor under requirements of the Contract Documents.

B. Porcelain Enamel Warranty:  Furnish the manufacturer's written warranty, agreeing to
replace porcelain enamel markerboards that do not retain their original writing and erasing
qualities, become slick and shiny, or exhibit crazing, cracking, or flaking, provided the
manufacturer's instructions with regard to handling, installation, protection, and
maintenance have been followed.

1. Warranty Period:  50 years.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

1. Porcelain Enamel Markerboards:
a. Claridge Products and Equipment, Inc.
b. Greensteel, Inc.
c. Lemco, Inc.

2.2 MATERIALS, GENERAL

A. Low-Emitting Materials:   All composite wood, engineered wood, or agrifber products (e.g.,
plywood, particleboard, medium density fiberboard) shall contain no added urea-
formaldehyde resins. Laminating adhesives used to fabricate on-site and shop-applied
composite wood and agrifiber assemblies shall contain no added urea-formaldehyde
resins.  Acceptable resins and binders include, but are not limited to, phenol formaldehyde
and methyl diisocyanate (MDI)

B. VOC Limits for Installation Adhesives and Glues: Use installation adhesives that comply
with the following limits for VOC content when calculated according to 40 CFR 59, Subpart
D (EPA Method 24):

1. Wood Glues: 30 g/L.
2. Contact Adhesive: 80 g/L
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2.3 PORCELAIN ENAMEL MARKERBOARDS, MAGNETIC (WB1 and WB2)

A. Porcelain Enamel  Markerboards:  Provide balanced, high-pressure-laminated porcelain
enamel boards of 3-ply construction consisting of face sheet, core material, and backing. 

1. Face Sheet:  0.024-inch enameling grade steel especially processed for
temperatures used in coating porcelain on steel.  Coat exposed face and edges with
manufacturer’s standard, light-colored, special writing surface with gloss finish
intended for use with erasable dry markers.  Coat concealed face with a 2-coat
process consisting of primer and ground coat.  Fuse cover and ground coats to
steel at manufacturer's standard firing temperatures, but not less than 1200 deg F.

2. Core:  Core:  3/8-inch-thick, particleboard core material complying with
requirements of ANSI A208.1, Grade 1-M-1.

3. Backing Sheet:  Backing Sheet:  0.015-inch- thick, aluminum-sheet backing. 
4. Laminating Adhesive:  Provide the manufacturer's standard moisture-resistant

thermoplastic-type adhesive.
5. Markerboard Color: #100 White.
6. Basis of Design Product: LCS 3 Markerboard by Claridge, or equivalent.

B. Unit Markerboards: Basis of Design is Claridge 800 Series with  5/8" Face Trim, or equal. 

1. Accessories: Full length marker tray and map rail with two map hooks.
2. Frame Style: 5/8" face, mitered corners, clear satin anodized aluminum finish.
3. Sizes: As indicated on Drawings. Refer to Tackboard and Whiteboard Schedule

2.4 ACCESSORIES

A. Metal Trim and Accessories:  Fabricate frames and trim of not less than 0.062-inch- (
1.57-mm-) thick, extruded-aluminum alloy, size and shape as indicated, to suit type of
installation.  Provide straight, single-length units.  Keep joints to a minimum.  Miter corners
to a neat, hairline closure.

1. Where size of visual display boards or other conditions require support in addition
to normal trim, provide structural supports or modify trim as indicated or as selected
by the Architect from manufacturer's standard structural support accessories to suit
conditions indicated.

2.5 FABRICATION

A. Assembly:  Provide factory-assembled markerboard units in single units without joints.

2.6 FINISHES

A. General:  Comply with NAAMM "Metal Finishes Manual" for recommendations relative to
application and designations of finishes.

B. Finish designations prefixed by "AA" conform to the system established by the Aluminum
Association for designating aluminum finishes.
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C. Class II Clear Anodized Finish:  AA-M12C22A31 (Mechanical Finish:  as fabricated,
nonspecular; Chemical Finish:  etched, medium matte; Anodic Coating:  Class II
Architectural, clear film thicker than 0.4 mil).

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine wall surfaces, with Installer present, for compliance with requirements and other
conditions affecting installation of visual display boards.

1. Surfaces to receive markerboards shall be free of dirt, scaling paint, and projections
or depressions that would affect smooth, finished surfaces of markerboards.

2. Do not proceed with installation until unsatisfactory conditions have been corrected..

3.2 INSTALLATION

A. Install units in locations and at mounting heights as indicated on drawings; comply with
manufacturer's installation instructions.  Keep perimeter lines straight, plumb, and level. 
Provide grounds, clips, backing materials, adhesives, brackets, anchors, trim, and
accessories necessary for a complete installation.

B. Coordinate Project-site-assembled units with grounds, trim, and accessories.  Join parts
with a neat, precision fit.

3.3 ADJUST AND CLEAN

A. Verify that accessories required for each unit have been properly installed 

B. Clean units in accordance with the manufacturer's instructions. Break in markerboards
only as recommended by the manufacturer.

END OF SECTION 101000
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SECTION 101400 - SIGNAGE

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following:

1. Panel signs
2. Plaques
3. Signage accessories

1.2 ACTION SUBMITTALS

A. Product Data:  Include construction details, material descriptions, dimensions of individual
components and profiles, and finishes for each type of sign.

B. Shop Drawings:  Include plans, elevations, and large-scale sections of typical members
and other components.  Show mounting methods, grounds, mounting heights, layout,
spacing, reinforcement, accessories, and installation details.

1. Provide message list for each sign, including large-scale details of wording,
lettering, and braille layout.

2. Provide full size template of engraved plaque sign.

C. Samples for Initial Selection:  For each type of sign material indicated that involves color
selection.

1. Panel Signs:  Samples of each finish type and color, on not less than 4-inch
squares of plastic material, showing the full range of colors available

D. Samples for Verification:  For each type of sign, include the following Samples to verify
color selected:

1. Panel Signs:  Full-size Samples of each type of sign required.
2. Approved samples will be returned for installation into Project.

1.3 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For Installer.

B. Maintenance Data:  For signage cleaning and maintenance requirements to include in
maintenance manuals.

1.4 QUALITY ASSURANCE
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A. Installer Qualifications:  An employer of workers trained and approved by signage
manufacturer.

B. Source Limitations:  Obtain each sign type through one source from a single
manufacturer.

C. Regulatory Requirements:  Comply with ANSI A.117.1 - 2017 and with code provisions
as adopted by authorities having jurisdiction.

1. Interior Code Signage:  Provide signage as required by accessibility regulations and
requirements of authorities having jurisdiction.  These include, but are not limited
to, the following:
a. Room Capacity.
b. Signs for Accessible Spaces.

1.5 COORDINATION

A. For signs supported by or anchored to permanent construction, advise installers of
anchorage devices about specific requirements for placement of anchorage devices and
similar items to be used for attaching signs.

1. For signs supported by or anchored to permanent construction, furnish templates
for installation of anchorage devices.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be incorporated in the Work include, but are not limited to, the
following:

1. Manufacturers of Panel Signs:
a. Advance Corporation; Braille-Tac Division.
b. A. R. K. Ramos.
c. ASI-Modulex, Inc.
d. Crown Sign Systems.
e. Gemini Incorporated.
f. Innerface Sign Systems, Inc.
g. Metal Arts; Div. of L&H Mfg. Co.
h. Mills Manufacturing Company.
i. Mohawk Sign Systems.
j. Nelson-Harkins Industries.
k. Southwell Company (The).

2. Manufacturers of Plaques:
a. Advance Corporation; Braille-Tac Division.
b. A. R. K. Ramos.
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c. Gemini Incorporated.
d. Matthews International Corporation; Bronze Division.
e. Metal Arts; Div. of L&H Mfg. Co.
f. Mills Manufacturing Company.
g. Nelson-Harkins Industries.
h. Southwell Company (The).

2.2 PANEL SIGNS

A. General:  Provide signs that comply with requirements indicated for materials,
thicknesses, finishes, colors, designs, shapes, sizes, and details of construction.

1. Produce sign surfaces constructed to remain flat under installed conditions within
tolerance of plus or minus 1/16 inch (1.5 mm) measured diagonally.

2. Sign materials shall meet a Class A finish.

B. Interior Panel Signs:  Provide lettering, graphics and background materials in styles and
colors to match existing building/campus signage, and below.

1. Produce smooth, even, level sign surfaces, constructed to remain flat under
installed conditions within a tolerance of plus or minus 1/16 inch (1.58 mm)
measured diagonally.

2. Lettering and Braille Content:  Provide uppercase letters raised 1/32 inch (.79 mm),
and grade 2 braille for each specific location.  Minimum text height: 5/8 inch (15.8
mm).

3. Pictograms:  Provide graphics raised 1/32 inch (.79 mm),  with minimum 6 inch
(152.4 mm) high background field, and lettering and braille written description
directly below.

4. Basis of Design Products: Match existing building signage
5. Typical Signage:

a. Insert Background: 1/16" acrylic
b. Text: 1/32" applied acrylic
c. Frame: Plastic
d. Sign Mounting: Tape and screws
e. Colors: Match existing. 

1) Color of Assembly Signs: Red letters on white background.

6. Provide specified signage as scheduled. 

2.3 PANEL SIGN ACCESSORIES

A. Mounting Methods:

1. Two-Face Tape: Manufacturer's standard high-bond, foam-core tape, 0.045 inch
(1.14 mm) thick, with adhesive on both sides; 3M "VHB Heavy Duty Mounting Tape"
or equal.

2. Adhesive: As recommended by sign manufacturer.
3. Mechanical Fasteners: Stainless steel screws. 
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2.4 PLAQUES 

A. Cast Plaques:  Provide cast metal plaque, as follows:

1. Plaque Material: Bronze.
2. Edge Style: Single line border.
3. Mounting:  Concealed studs for projected mounting on substrate.
4. Thickness: 3/4" thick.
5. Finish: Leatherette with brushed surface.
6. Color: 1315 Dark Oxide polished. with satin clear coat.
7. Copy, Size and Shape: Raised copy, Arial font, and as indicated on Drawings.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates, areas, and conditions, with Installer present, for compliance with
requirements for installation tolerances and other conditions affecting performance of
work.

B. Verify that items, including anchor inserts, provided under other sections of Work are
sized and located to accommodate signs.

C. Examine supporting members to ensure that surfaces are at elevations indicated or
required to comply with authorities having jurisdiction and are free from dirt and other
deleterious matter.

D. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. General:  Locate interior wall signs and accessories where indicated, in accordance with
ANSI A.117.1 - 2017 and with code provisions as adopted by authorities having
jurisdiction, using mounting methods of the type described and in compliance with the
manufacturer's instructions.

1. Install signs level, plumb, and at the height indicated, with sign surfaces free from
distortion or other defects in appearance.

2. Mount signs on wall adjacent to the latch side of door, unless otherwise indicated. 
Where there is no wall space to the latch side of the door, including at double leaf
doors, mount sign on the nearest adjacent wall as approved by the Architect.  Mount
signs at 48-inches (1219 mm) from the baseline of the lowest characters to the
finished floor.

3. Locate signs to allow approach within 3-inches (75 mm) of sign without
encountering protruding objects or standing within swing of door.

B. Wall-Mounted Panel Signs and Directories:  Attach signs to wall surfaces using methods
indicated below:
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1. Mechanical Fasteners:  Use nonremovable mechanical fasteners placed through
predrilled holes.  Attach signs with fasteners and anchors suitable for secure
attachment to substrate as recommended in writing by sign manufacturer. 

C. Glass-Mounted Panel Signs: Provide backer panel that matches color and size of panel
sign and adhere to glass surface. Mount panel signs to backer panel using self-adhesive
methods. 

3.3 CLEANING AND PROTECTION

A. After installation, clean soiled sign surfaces according to manufacturer's written
instructions.  Protect signs from damage until acceptance by Owner.

3.4 INTERIOR SIGN SCHEDULE

A. Provide signage as described below and as indicated on the Drawings.

ROOM SIGN CONTENT QUANTITY

TEXT AND SIZE SYMBOLS

Emergency switch
sign locations

As indicated on Drawings. at each piece of
equipment

All Assembly Spaces “MAXIMUM OCCUPANCY (3" high,
3/4" stroke)
NOT TO EXCEED (2" high, 1/2"
stroke)
 XXX PERSONS” (3" high, 3/4" stroke)
(see Note 1 below)

one at each room

Any other locations
as required by Code

to be supplied by Architect 1 each location
required

B. Sign Content Key* 

T  Text describing room, as approved by Architect.
SA  International Symbol of Accessibility
P  Pictogram (boys, girls, men, women)

Note 1: Coordinate with Architect for occupancy capacity numbers to include on signage

END OF SECTION 101400
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SECTION 105200 - FIRE-PROTECTION SPECIALTIES

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following:

1. Portable fire extinguishers.
2. Fire-protection cabinets for portable fire extinguishers.
3. Fire-protection accessories.

1.2 SUBMITTALS

A. Product Data:  Include construction details, material descriptions, dimensions of individual
components and profiles, and finishes for fire-protection specialties.

1. Fire Extinguishers:  Include rating and classification.
2. Cabinets:  Include roughing-in dimensions, details showing mounting methods,

relationships of box and trim to surrounding construction, door hardware, cabinet
type, trim style, and panel style.

1.3 QUALITY ASSURANCE

A. Source Limitations:  Obtain fire extinguishers and cabinets through one source from a
single manufacturer.

B. NFPA Compliance:  Fabricate and label fire extinguishers to comply with NFPA 10,
"Standard for Portable Fire Extinguishers."

C. NYS Fire Code Compliance:  Fabricate and label fire extinguishers to comply with New
York State Fire Code. 

D. Fire Extinguishers:  FM listed and labeled for type, rating, and classification specified.

E. Fire-Rated Fire-Protection Cabinets: Listed and labeled to comply with requirements of
ASTM E 814 for fire-resistance rating of walls where they are installed

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:

1. J.L. Industries, Inc.
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2. Kidde:  Walter Kidde, The Fire Extinguisher Co.
3. Larsen's Manufacturing Company.
4. Potter-Roemer; Div. of Smith Industries, Inc.

2.2 MATERIALS

A. Cold-Rolled Steel Sheet:  Carbon steel, complying with ASTM A 366/A 366M, commercial
quality, stretcher leveled, temper rolled.

B. Stainless-Steel Sheet:  ASTM A 666, Type 304.

2.3 PORTABLE FIRE EXTINGUISHERS

A. General:  Provide fire extinguishers of type, size, and capacity for each fire-protection
cabinet and mounting bracket indicated.

B. Multipurpose Dry-Chemical Type:  UL-rated 3-A:40-B:C, 5-lb nominal capacity, in
enameled-steel container.

1. Available Product:  MP5-A, Larsen’s Manufacturing Company.

2.4 FIRE-PROTECTION CABINETS 

A. Basis-of-Design Product: Occult Series Model SS 2409, as manufactured by Larsen’s
Manufacturing Co., or an approved equivalent product by one of the following:

1. JL Industries, Inc.
2. Kidde Fyrnetics.
3. Potter Roemer; Div. of Smith Industries, Inc.

B. Cabinet Construction:  Provide manufacturer's standard box (tub), with trim, frame, door,
and hardware to suit cabinet type, trim style, and door style indicated.  Weld joints and
grind smooth.  Miter and weld perimeter door frames.

1. Fire-Rated Cabinets:  Listed and labeled to meet requirements of ASTM E 814 for
fire-resistance rating of wall where it is installed.
a. Construct fire-rated cabinets with double walls fabricated from 0.0478 inch 

(1.2 mm) thick, cold-rolled steel sheet lined with minimum 5/8 inch  (16 mm)
thick, fire-barrier material.

b. Provide factory-drilled mounting holes.

C. Cabinet Size:  Suitable for specified fire extinguisher.

D. Cabinet Style: Trimless, with concealed hinge and closed door completely covering
cabinet flange.
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E. Cabinet Construction:  Provide manufacturer's standard box (tub), with trim, frame, door,
and hardware to suit cabinet type, trim style, and door style indicated.  Weld joints and
grind smooth.  Miter and weld perimeter door frames.

1. Cabinet Material:  Enameled-steel sheet.
2. Recessed Cabinet: Cabinet box fully recessed in walls of depth indicated; with box

flange overlapping surrounding wall surface and fully concealed by door when in
closed position.

F. Door Construction:  Fabricate doors according to manufacturer's standards, of materials
indicated, and coordinated with cabinet types and trim styles selected.

1. Door Material: Stainless steel sheet
2. Door Style: Flush, solid panel.
3. Door Hardware: Ensure hardware meets ADA requirements. Provide manufacturer's

built-in cylinder lock system (Larsen-Loc™), or approved equivalent, and door-
operating hardware of proper type for cabinet type, trim style, and door material and
style indicated.  Provide either lever handle with cam-action latch, or exposed or
concealed door pull and friction latch.  Provide concealed or continuous-type hinge
permitting door to open 180 degrees.

4. Lettering: Provide factory applied lettering that reads “IN CASE OF FIRE ONLY -
PULL FIRMLY ON HANDLE.”

2.5 ACCESSORIES

A. Mounting Brackets:  Manufacturer's standard steel, designed to secure extinguisher, of
sizes required for types and capacities of extinguishers indicated, with plated or baked-
enamel finish.  Provide brackets for extinguishers not located in cabinets.

B. Identification:  Provide lettering to comply with authorities having jurisdiction for letter style,
color, size, spacing, and location.  Locate as indicated by Architect.
1. Identify fire extinguisher in fire protection cabinet with the words "FIRE

EXTINGUISHER."
a. Location:  Applied to cabinet door.
b. Application Process:  Die cut.
c. Lettering Color and Style: As selected by Architect.

2. Identify bracket-mounted extinguishers with the words "FIRE EXTINGUISHER" in
red letter decals applied to wall surface.

2.6 FINISHES

A. Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for
recommendations for applying and designating finishes.

B. Protect mechanical finishes on exposed surfaces from damage by applying a strippable,
temporary protective covering before shipping.
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C. Surface Preparation:  Clean surfaces of dirt, oil, grease, mill scale, rust, and other
contaminants that could impair paint bond using manufacturer's standard methods.

D. Steel Finishes:  Manufacturer’s standard baked-enamel paint in color selected by Architect
for the interior of cabinet.

E. Stainless Steel, No. 4 finish for door and frame.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine roughing-in for hose valves, hose racks, and cabinets to verify actual locations
of piping connections before cabinet installation.

B. Examine walls and partitions for suitable framing depth and blocking where recessed and
semirecessed cabinets are to be installed.

C. Examine fire extinguishers for proper charging and tagging.

1. Remove and replace damaged, defective, or undercharged units.

D. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Comply with manufacturer's written instructions for installing fire-protection specialties.

B. Install in locations and at mounting heights indicated or, if not indicated, at heights
acceptable to authorities having jurisdiction.

1. Prepare recesses for cabinets as required by type and size of cabinet and trim style.
2. Fasten mounting brackets to structure, square and plumb.
3. Fasten cabinets to structure, square and plumb.

3.3 ADJUSTING, CLEANING, AND PROTECTION

A. Adjust cabinet doors that do not swing or operate freely.

B. Refinish or replace cabinets and doors damaged during installation.

C. Provide final protection and maintain conditions that ensure that cabinets and doors are
without damage or deterioration at the time of Substantial Completion.

END OF SECTION 105200
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SECTION 122413 - ROLLER WINDOW SHADES

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes

1. Manual operation light filtering shades.

1.2 ACTION SUBMITTALS

A. Product Data:  For each type of product indicated.  Include styles, material descriptions,
construction details, dimensions of individual components and profiles, features, finishes,
and operating instructions.

B. Shop Drawings:  Show location and extent of roller shades.  Include elevations, sections,
details, and dimensions not shown in Product Data.  Show installation details, mountings,
attachments to other Work, operational clearances, and relationship to adjoining work.

C. Samples for Verification:

1. Shade Material:  Not less than 12-inch- (300-mm-) square section of fabric for each
type, from dye lot used for the Work, with specified treatments applied.  Show
complete pattern repeat.  Mark top and face of material.

D. Window Treatment Schedule:  Include roller shades in schedule using same room
designations indicated on Drawings.

1.3 INFORMATIONAL SUBMITTALS

A. Maintenance Data:  For roller shades to include in maintenance manuals.  Include the
following:

1. Methods for maintaining roller shades and finishes.
2. Precautions about cleaning materials and methods that could be detrimental to

fabrics, finishes, and performance.
3. Operating hardware.

1.4 QUALITY ASSURANCE

A. Installer Qualifications:  An experienced installer who has completed installation of roller
shades similar in material, design, and extent to that indicated for this Project and whose
work has resulted in construction with a record of successful in-service performance

B. Source Limitations:  Obtain roller shades through one source from a single manufacturer.
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C. Fire-Test-Response Characteristics:  Provide roller shade band materials with the
fire-test-response characteristics indicated, as determined by testing identical products
per test method indicated below by UL or another testing and inspecting agency
acceptable to authorities having jurisdiction: 

1.  Flame-Resistance Ratings:  Passes NFPA 701.

D. Mockups:  Build mockups to verify selections made under sample submittals and to
demonstrate aesthetic effects and qualities of materials and execution.

1. Build mockups of in-place full-size window shade unit in the location as directed by
Architect.

2. Provide one mock-up for each type of window shade fabric provided in the Work.
3. Approved mockups may become part of the completed Work if undisturbed at time

of Substantial Completion.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Deliver shades in factory packages, marked with manufacturer and product name,
fire-test-response characteristics, and location of installation using same room
designations indicated on Drawings and in a window treatment schedule.

1.6 PROJECT CONDITIONS

A. Environmental Limitations:  Do not install roller shades until construction and wet and dirty
finish work in spaces, including painting, is complete and ambient temperature and
humidity conditions are maintained at the levels indicated for Project when occupied for
its intended use.

B. Field Measurements:  Where roller shades are indicated to fit to other construction, verify
dimensions of other construction by field measurements before fabrication and indicate
measurements on Shop Drawings.  Allow clearances for operable glazed units' operation
hardware throughout the entire operating range. 

1.7 WARRANTY

A. Roller Shade Hardware, and Shadecloth:  Manufacturer's standard non-depreciating
twenty-five year limited warranty.

PART 2 - PRODUCTS MANUFACTURERS

A. Basis of Design Manufacturer: Provide specified shade systems by MechoShade System,
Inc. or equivalent by one of the following:

1. Draper Shade & Screen Co., Inc.
2. Hunter Douglas Window Fashions.
3. Levolor Contract; a Newell Company; Joanna
4. Silent Gliss USA, Inc
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2.2 BASIS OF DESIGN PRODUCTS

A. Manual Single-Roll Shades:  Provide Classic Mecho/5 Manual System by MechoShade
or equal.

2.3 MATERIALS

A. Glare Control Fabric, 1% Open Mesh Type: 100% thermoplastic olefin (TPO)
basket-weave design; mesh weight 13.27 oz/sq yd, fabric thickness 0.034"; “EcoVeil
0950" Series by MechoShade, or equal.

1. Color: 0963 Grey.
2. Location: Exterior windows, where scheduled.

B. Brackets:  Plated steel, with adequate projection to clear all window fixtures

C. Aluminum Extrusions:  Alloy and temper recommended by manufacturer for use intended
and as required for proper application of finish indicated but not less than the strength and
durability properties specified in ASTM B 221 for 6063-T5.

2.4 FABRICATION

A. Product Description: Roller shade consisting of a roller, a means of supporting the roller,
a flexible sheet or band of material carried by the roller, a means of attaching the material
to the roller, a bottom bar, and an operating mechanism that lifts and lowers the shade

B. Components:  Noncorrosive, self-lubricating materials.

C. Rollers:  Electrogalvanized or epoxy primed steel or extruded-aluminum tube of diameter
and wall thickness required to support and fit internal components of operating system
and the weight and width of shade band material without sagging; designed to be easily
removable from support brackets; with manufacturer's standard method for attaching
shade material. 

D. Direction of Roll: Regular, from back of roller. 

E. Mounting Brackets:  

1. Single Roll Shades:  Galvanized or zinc-plated steel, style for between jamb
mounting unless otherwise indicated.

F. Fascia:  L-shaped, formed-steel sheet or extruded aluminum; long edges returned or
rolled; continuous panel concealing front and bottom of shade roller, brackets, and
operating hardware and operators; length as required for between the jambs mounting;
removable design for access
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G. Bottom Bar:  Steel or extruded aluminum, with plastic or metal capped ends.  Provide
concealed, by pocket of shade material, internal-type bottom bar with concealed weight
bar as required for smooth, properly balanced shade operation.

H. Manual Shade Operation: Bead chain clutch operator.

1. Bead Chain Material: #10 stainless steel chain with 120 lb. breaking strength.
2. Operator Location: On left or right side of shade as directed by Architect for each

location.

I. Shade Units:  Obtain units fabricated in sizes to fill window and other openings as follows,
measured at 74 deg F (23 deg C):

1. Shade Units Installed between (Inside) Jambs:  Edge of shade not more than
1/4 inch (6 mm) from face of jamb.  Length equal to head to sill dimension of
opening in which each shade is installed.

2. Shade Units Installed Outside Jambs:  Width and length as indicated, with
terminations between shades of end-to-end installations at centerlines of mullion or
other defined vertical separations between openings.

J. Installation Fasteners:  Fabricated from metal that is noncorrosive to shade hardware and
adjoining construction and to support shades as required by manufacturer's written
instructions.

K. Color-Coated Finish:  For metal components exposed to view, apply manufacturer's
standard baked finish complying with manufacturer's written instructions for surface
preparation including pretreatment, application, baking, and minimum dry film thickness.

L. Colors of Metal and Plastic Components Exposed to View: As selected by Architect from
manufacturer's full range unless otherwise indicated.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates, areas, and conditions, with Installer present, for compliance with
requirements for installation tolerances, operational clearances,  accurate locations of
connections to building electrical system,  and other conditions affecting performance. 
Proceed with installation only after unsatisfactory conditions have been corrected

3.2 ROLLER SHADE INSTALLATION

A. Install roller shades level, plumb, square, and true according to manufacturer's written
instructions, and located so shade band is not closer than 2 inches (50 mm) to interior
face of glass.  Allow clearances for window operation hardware.

B. Install metal parts isolated from concrete or mortar to prevent corrosion.
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C. Install mounting brackets with not less than 2 fasteners per bracket.

3.3 ADJUSTING

A. Adjust and balance roller shades to operate smoothly, easily, safely, and free from binding
or malfunction throughout entire operational range.

3.4 CLEANING AND PROTECTION

A. Clean roller shade surfaces after installation, according to manufacturer's written
instructions.

B. Provide final protection and maintain conditions, in a manner acceptable to manufacturer
and Installer, that ensure that roller shades are without damage or deterioration at time
of Substantial Completion.

C. Replace damaged roller shades that cannot be repaired, in a manner approved by
Architect, before time of Substantial Completion.

END OF SECTION 122413
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SECTION 126200 - OFFICE FURNITURE

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes:

1. File cabinets

1.2 ACTION SUBMITTALS

A. Product Data:  For each type of product indicated.  Include construction details, material
descriptions, dimensions of individual components and profiles, and finishes. 

1.3 QUALITY ASSURANCE

A. Source Limitations:  Obtain each type of furniture required, including accessories and
mounting components, from single source from single manufacturer.

1.4 PROJECT CONDITIONS

A. Environmental Limitations:  Do not deliver or install office furniture until spaces are
enclosed and weathertight, wet work in spaces is complete and dry, work above ceilings
is complete, and temporary or permanent HVAC system is operating and maintaining
ambient temperature and humidity conditions at occupancy levels during the remainder
of the construction period.

PART 2 - PRODUCTS

2.1 FILE CABINETS

A. File Cabinet: 5 Drawer 22 gauge steel flat file, stackable,  with case-hardened ball-bearing
rollers, positive closures and courtesy stops, a rear hood and hinged front depressor. Unit
shall store 30" x 42" documents.

1. Cabinet Size: 35.375"d X 46.375"w X 16.5"h
2. Drawer Size: 2-1/8" deep by 46-1/2" wide
3. Drawer Capacity: 500 sheets active filing
4. Color: White
5. Provide lock kit with lock and two keys.
6. Basis of Design Product: Safco Model #4996WHR, or equal.
7. Quantity: Provide file two cabinets, stacked together.
8. Closed Base: Raises drawers 6" off the floor, front recess 2-3/4", color white, Safco

Model #4997WHR or equal. Provide one base.
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PART 3 - EXECUTION

3.1 INSTALLATION

A. Assemble office furniture as required and install in locations indicated. Level units to floor
as required.

3.2 ADJUSTING

A. Repair minor abrasions and imperfections in finishes with coating that matches
factory-applied finish.

END OF SECTION 126200
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 22 05 16 - 1 Expansion Fittings and  
  Loops for Plumbing Piping 
 

SECTION 220516 - EXPANSION FITTINGS AND LOOPS FOR PLUMBING PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Flexible-hose packless expansion joints. 
2. Pipe loops and swing connections. 
3. Alignment guides and anchors. 

1.3 PERFORMANCE REQUIREMENTS 

A. Compatibility:  Products shall be suitable for piping service fluids, materials, working 
pressures, and temperatures. 

B. Capability:  Products to absorb 200 percent of maximum axial movement between 
anchors. 

C. Expansion Calculations: 
1. Installation temperature: 40deg F. 
2. Domestic hot water: 140deg. F 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Delegated-Design Submittal:  For each anchor and alignment guide indicated to 
comply with performance requirements and design criteria, including analysis data 
signed and sealed by the qualified professional engineer responsible for their 
preparation. 

1. Design Calculations:  Calculate requirements for thermal expansion of piping 
systems and for selecting and designing expansion joints, loops, and swing 
connections. 

2. Anchor Details:  Detail fabrication of each anchor indicated.  Show dimensions 
and methods of assembly and attachment to building structure. 

3. Alignment Guide Details:  Detail field assembly and attachment to building 
structure. 

4. Schedule:  Indicate type, manufacturer's number, size, material, pressure rating, 
end connections, and location for each expansion joint. 

C. Welding certificates. 
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D. Product Certificates:  For each type of expansion joint, from manufacturer. 

E. Maintenance Data:  For expansion joints to include in maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to the following: 

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel." 
2. ASME Boiler and Pressure Vessel Code:  Section IX. 

PART 2 - PRODUCTS 

2.1 PACKLESS EXPANSION JOINTS 

A. Flexible-Hose Packless Expansion Joints: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

a. Flex-Hose Co., Inc. 
b. Metraflex, Inc. 
c. Flexicraft Industries. 

2. Description:  Manufactured assembly with inlet and outlet elbow fittings and two 
flexible-metal-hose legs joined by long-radius, 180-degree return bend or center 
section of flexible hose. 

3. Flexible Hose:  Corrugated-metal inner hoses and braided outer sheaths. 
4. Expansion Joints for Copper Tubing NPS 2 and Smaller:  Copper-alloy fittings 

with solder-joint end connections. 

a. Bronze hoses and single-braid bronze sheaths with 450 psig at 70 deg F 
and 340 psig at 450 deg F ratings. 

5. Expansion Joints for Copper Tubing NPS 2-1/2 to NPS 4:  Copper-alloy fittings 
with threaded end connections. 

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 300 
psig at 70 deg F and 225 psig at 450 deg F ratings. 

6. Expansion Joints for Steel Piping NPS 2 and Smaller:  Stainless-steel fittings with 
threaded end connections. 

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 450 
psig at 70 deg F and 325 psig at 600 deg F ratings. 

7. Expansion Joints for Steel Piping NPS 2-1/2 to NPS 6:  Stainless-steel fittings 
with flanged end connections. 

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 200 
psig at 70 deg F and 145 psig at 600 deg F ratings. 
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8. Expansion Joints for Steel Piping NPS 8 to NPS 12:  Stainless-steel fittings with 
flanged end connections. 
a. Stainless-steel hoses and double-braid, stainless-steel sheaths with 165 

psig at 70 deg F and 120 psig at 600 deg F ratings. 

2.2 ALIGNMENT GUIDES AND ANCHORS 

A. Alignment Guides: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
 
a. Advanced Thermal Systems, Inc. 
b. Flex-Hose Co., Inc. 
c. Metraflex, Inc. 

2. Description:  Steel, factory-fabricated alignment guide, with bolted two-section 
outer cylinder and base for attaching to structure; with two-section guiding spider 
for bolting to pipe. 

B. Anchor Materials: 

1. Steel Shapes and Plates:  ASTM A 36/A 36M. 
2. Bolts and Nuts:  ASME B18.10 or ASTM A 183, steel hex head. 
3. Washers:  ASTM F 844, steel, plain, flat washers. 
4. Mechanical Fasteners:  Insert-wedge-type stud with expansion plug anchor for 

use in hardened Portland cement concrete, with tension and shear capacities 
appropriate for application. 

a. Stud:  Threaded, zinc-coated carbon steel. 
b. Expansion Plug:  Zinc-coated steel. 
c. Washer and Nut:  Zinc-coated steel. 

5. Chemical Fasteners:  Insert-type-stud, bonding-system anchor for use with 
hardened Portland cement concrete, with tension and shear capacities 
appropriate for application. 

a. Bonding Material:  ASTM C 881/C 881M, Type IV, Grade 3, two-
component epoxy resin suitable for surface temperature of hardened 
concrete where fastener is to be installed. 

b. Stud:  ASTM A 307, zinc-coated carbon steel with continuous thread on 
stud unless otherwise indicated. 

c. Washer and Nut:  Zinc-coated steel. 

PART 3 - EXECUTION 

3.1 EXPANSION-JOINT INSTALLATION 

A. Install expansion joints of sizes matching sizes of piping in which they are installed. 
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B. Install metal-bellows expansion joints according to EJMA's "Standards of the 
Expansion Joint Manufacturers Association, Inc." 

C. Install rubber packless expansion joints according to FSA-NMEJ-702. 

3.2 PIPE LOOP AND SWING CONNECTION INSTALLATION 

A. Connect risers and branch connections to mains with at least five pipe fittings including 
tee in main. 

3.3 ALIGNMENT-GUIDE AND ANCHOR INSTALLATION 

A. Install alignment guides to guide expansion and to avoid end-loading and torsional 
stress. 

B. Install two guide(s) on each side of pipe expansion fittings and loops.  Install guides 
nearest to expansion joint not more than four pipe diameters from expansion joint. 

C. Attach guides to pipe and secure guides to building structure. 

D. Install anchors at locations to prevent stresses from exceeding those permitted by 
ASME B31.9 and to prevent transfer of loading and stresses to connected equipment. 

E. Anchor Attachments: 

1. Anchor Attachment to Black-Steel Pipe:  Attach by welding.  Comply with 
ASME B31.9 and ASME Boiler and Pressure Vessel Code:  Section IX, "Welding 
and Brazing Qualifications." 

2. Anchor Attachment to Galvanized-Steel Pipe:  Attach with pipe hangers.  Use 
MSS SP-69, Type 42, riser clamp welded to anchor. 

3. Anchor Attachment to Copper Tubing:  Attach with pipe hangers.  Use MSS SP-
69, Type 24, U-bolts bolted to anchor. 

F. Fabricate and install steel anchors by welding steel shapes, plates, and bars.  Comply 
with ASME B31.9 and AWS D1.1/D1.1M. 

1. Anchor Attachment to Steel Structural Members:  Attach by welding. 
2. Anchor Attachment to Concrete Structural Members:  Attach by fasteners.  

Follow fastener manufacturer's written instructions. 

G. Use grout to form flat bearing surfaces for guides and anchors attached to concrete. 

END OF SECTION 220516 
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SECTION 220517 - SLEEVES AND SLEEVE SEALS FOR PLUMBING PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUSTAINABLE DESIGN OBJECTIVES 

A. The City requires the contractor to implement practices and procedures to meet the 
project’s environmental performance goals, which include; 

1. Minimize the environmental impacts of the construction and operation of the 
project during the construction phase.  The project shall implement the following 
procedures singly or in combination: 

a. Select products that minimize consumption of non-renewable resources, 
consume reduced amounts of energy, minimize environmental pollution, 
and to utilize recycled and/or recyclable materials. 

b. Reduce sources of potential Indoor Air Quality pollutants by controlled 
selection of materials and processes used in project construction. 
(015721) 

c. Minimize waste produced by construction through efficient construction 
practices and landfill diversion, as detailed in the Construction Waste 
Management Plan. (017419) 

 
2. Products and processes that achieve the above objectives have been selected 

and included in the Construction Documents.     

1.3 SUMMARY 

A. Section Includes: 

1. Sleeves. 
2. Stack-sleeve fittings. 
3. Sleeve-seal systems. 
4. Sleeve-seal fittings. 
5. Grout. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 
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1.5 DELIVERY, STORAGE AND HANDLING  

A.  Comply with the requirements of the Construction Indoor Air Quality Management Plan 
and the Construction Waste Management Plan.   

1.6 PROJECT CONDITIONS 

A. Waste Management: Comply with the requirements of the Construction Waste Man-
agement Plan.   

PART 2 - PRODUCTS 

2.1 PRODUCT REQUIREMENTS FOR SUSTAINABLE DESIGN- GENERAL  

A. All field applied paints, coatings, sealants, sealer, adhesives in this section shall meet 
the requirements of VOC limits in 016116- Indoor Finishes Performance Requirements. 

B. All Products in this Section shall be free of Materials of Concern as noted in 015721-
Indoor Air Quality Control (where achievable).  

2.2 SLEEVES 

A. Cast-Iron Wall Pipes:  Cast or fabricated of cast or ductile iron and equivalent to 
ductile-iron pressure pipe, with plain ends and integral waterstop unless otherwise 
indicated. 

B. Galvanized-Steel Wall Pipes:  ASTM A 53/A 53M, Schedule 40, with plain ends and 
welded steel collar; zinc coated. 

C. Galvanized-Steel-Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, 
zinc coated, with plain ends. 

2.3 STACK-SLEEVE FITTINGS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following or approved equal: 

1. Smith, Jay R. Mfg. Co. 
2. Zurn Specification Drainage Operation; Zurn Plumbing Products Group. 

B. Description:  Manufactured, cast-iron sleeve with integral clamping flange.  Include 
clamping ring, bolts, and nuts for membrane flashing. 

1. Underdeck Clamp:  Clamping ring with setscrews. 

http://www.specagent.com/LookUp/?uid=123456807996&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821050&mf=04&src=wd


2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 

 22 05 17 - 3 Sleeves and Sleeve Seals  
  for Plumbing Piping 

2.4 SLEEVE-SEAL SYSTEMS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following or approved equal: 

1. Advance Products & Systems, Inc. 
2. CALPICO, Inc. 
3. Metraflex Company (The). 
4. Pipeline Seal and Insulator, Inc. 
5. Proco Products, Inc. 

B. Description:  Modular sealing-element unit, designed for field assembly, for filling 
annular space between piping and sleeve. 

1. Sealing Elements:  EPDM-rubber interlocking links shaped to fit surface of pipe.  
Include type and number required for pipe material and size of pipe. 

2. Pressure Plates:  Stainless steel. 
3. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure 

plates to sealing elements. 
2.5 SLEEVE-SEAL FITTINGS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following or approved equal: 

1. Presealed Systems. 

B. Description:  Manufactured plastic, sleeve-type, waterstop assembly made for 
imbedding in concrete slab or wall.  Unit has plastic or rubber waterstop collar with 
center opening to match piping OD. 

2.6 GROUT 

A. Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, 
dry, hydraulic-cement grout. 

B. Characteristics:  Nonshrink; recommended for interior and exterior applications. 

C. Design Mix:  5000-psi, 28-day compressive strength. 

D. Packaging:  Premixed and factory packaged. 

PART 3 - EXECUTION 
3.1 SLEEVE INSTALLATION 

A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and 
walls. 

http://www.specagent.com/LookUp/?uid=123456807997&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807998&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807999&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456808000&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456808001&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456808002&mf=04&src=wd


2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 

 22 05 17 - 4 Sleeves and Sleeve Seals  
  for Plumbing Piping 

B. For sleeves that will have sleeve-seal system installed, select sleeves of size large 
enough to provide 1-inch annular clear space between piping and concrete slabs and 
walls. 

1. Sleeves are not required for core-drilled holes. 

C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs 
and walls are constructed. 
1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception:  Extend sleeves installed in floors of mechanical equipment 
areas or other wet areas 2 inches above finished floor level. 

2. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-
seal system. 

D. Install sleeves for pipes passing through interior partitions. 

1. Cut sleeves to length for mounting flush with both surfaces. 
2. Install sleeves that are large enough to provide 1/4-inch annular clear space 

between sleeve and pipe or pipe insulation. 
3. Seal annular space between sleeve and piping or piping insulation; use joint 

sealants appropriate for size, depth, and location of joint.  Comply with 
requirements for sealants specified in Section 079200 "Joint Sealants." 

E. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at pipe penetrations.  Seal pipe penetrations with firestop materials.  Comply 
with requirements for firestopping specified in Section 078413 "Penetration 
Firestopping." 

3.2 STACK-SLEEVE-FITTING INSTALLATION 

A. Install stack-sleeve fittings in new slabs as slabs are constructed. 

1. Install fittings that are large enough to provide 1/4-inch annular clear space 
between sleeve and pipe or pipe insulation. 

2. Secure flashing between clamping flanges for pipes penetrating floors with 
membrane waterproofing.  Comply with requirements for flashing specified in 
Section 076200 "Sheet Metal Flashing and Trim." 

3. Install section of cast-iron soil pipe to extend sleeve to 2 inches above finished 
floor level. 

4. Extend cast-iron sleeve fittings below floor slab as required to secure clamping 
ring if ring is specified. 

5. Using grout, seal the space around outside of stack-sleeve fittings. 

B. Fire-Barrier Penetrations:  Maintain indicated fire rating of floors at pipe penetrations.  
Seal pipe penetrations with firestop materials.  Comply with requirements for 
firestopping specified in Section 078413 "Penetration Firestopping." 
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3.3 SLEEVE-SEAL-SYSTEM INSTALLATION 

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at 
service piping entries into building. 

B. Select type, size, and number of sealing elements required for piping material and size 
and for sleeve ID or hole size.  Position piping in center of sleeve.  Center piping in 
penetration, assemble sleeve-seal system components, and install in annular space 
between piping and sleeve.  Tighten bolts against pressure plates that cause sealing 
elements to expand and make a watertight seal. 

3.4 SLEEVE-SEAL-FITTING INSTALLATION 

A. Install sleeve-seal fittings in new walls and slabs as they are constructed. 

B. Assemble fitting components of length to be flush with both surfaces of concrete slabs 
and walls.  Position waterstop flange to be centered in concrete slab or wall. 

C. Secure nailing flanges to concrete forms. 

D. Using grout, seal the space around outside of sleeve-seal fittings. 
3.5 SLEEVE AND SLEEVE-SEAL SCHEDULE 

A. Use sleeves and sleeve seals for the following piping-penetration applications: 

1. Exterior Concrete Walls above Grade: 

a. Piping Smaller Than NPS 6:  Cast-iron wall sleeves. 

2. Concrete Slabs above Grade: 

a. Piping Smaller Than NPS 6:  Galvanized-steel-pipe sleeves. 

3. Interior Partitions: 

a. Piping Smaller Than NPS 6:  Galvanized-steel-pipe sleeves. 

END OF SECTION 220517 
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SECTION 220518 - ESCUTCHEONS FOR PLUMBING PIPING 
PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUSTAINABLE DESIGN OBJECTIVES 

A. The City requires the contractor to implement practices and procedures to meet the 
project’s environmental performance goals, which include; 

1. Minimize the environmental impacts of the construction and operation of the 
project during the construction phase.  The project shall implement the following 
procedures singly or in combination: 

a. Select products that minimize consumption of non-renewable resources, 
consume reduced amounts of energy, minimize environmental pollution, 
and to utilize recycled and/or recyclable materials. 

b. Reduce sources of potential Indoor Air Quality pollutants by controlled 
selection of materials and processes used in project construction. 
(015721) 

c. Minimize waste produced by construction through efficient construction 
practices and landfill diversion, as detailed in the Construction Waste 
Management Plan. (017419) 

 
2. Products and processes that achieve the above objectives have been selected 

and included in the Construction Documents.    
1.3 SUMMARY 

A. Section Includes: 

1. Escutcheons. 
2. Floor plates. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

1.5 DELIVERY, STORAGE AND HANDLING  

A.    Comply with the requirements of the Construction Indoor Air Quality Management Plan 
and the Construction Waste Management Plan.   
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1.6 PROJECT CONDITIONS 

A. Waste Management: Comply with the requirements of the Construction Waste Man-
agement Plan.   

PART 2 - PRODUCTS 

2.1 PRODUCT REQUIREMENTS FOR SUSTAINABLE DESIGN- GENERAL  

A. All field applied paints, coatings, sealants, sealer, adhesives in this section shall meet 
the requirements of VOC limits in 016116- Indoor Finishes Performance Requirements. 

B. All Products in this Section shall be free of Materials of Concern as noted in 015721-
Indoor Air Quality Control (where achievable).  

2.2 ESCUTCHEONS 

A. One-Piece, Cast-Brass Type:  With polished, chrome-plated finish and setscrew 
fastener. 

B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with chrome-plated 
finish and spring-clip fasteners. 

C. One-Piece, Stamped-Steel Type:  With chrome-plated finish and spring-clip fasteners. 

D. Split-Casting Brass Type:  With polished, chrome-plated finish and with concealed 
hinge and setscrew. 

E. Split-Plate, Stamped-Steel Type:  With chrome-plated finish, concealed hinge, and 
spring-clip fasteners. 

2.3 FLOOR PLATES 

A. One-Piece Floor Plates:  Cast-iron flange with holes for fasteners. 

B. Split-Casting Floor Plates:  Cast brass with concealed hinge. 
PART 3 - EXECUTION 
3.1 INSTALLATION 

A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors. 

B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of insulated 
piping and with OD that completely covers opening. 

1. Escutcheons for New Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-
pattern type. 
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b. Chrome-Plated Piping:  One-piece, cast-brass type with polished, chrome-
plated finish. 

c. Insulated Piping:  One-piece, stamped-steel type. 
d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, 

cast-brass type with polished, chrome-plated finish. 
e. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, 

stamped-steel type. 
f. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, cast-

brass or split-casting brass type with polished, chrome-plated finish. 
g. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, 

stamped-steel type. 
h. Bare Piping in Unfinished Service Spaces:  One-piece, cast-brass type with 

polished, chrome-plated finish. 
i. Bare Piping in Unfinished Service Spaces:  One-piece, stamped-steel type. 
j. Bare Piping in Equipment Rooms:  One-piece, cast-brass type with 

polished, chrome-plated finish. 
k. Bare Piping in Equipment Rooms:  One-piece, stamped-steel type. 

2. Escutcheons for Existing Piping: 

a. Chrome-Plated Piping:  Split-casting brass type with polished, chrome-
plated finish. 

b. Insulated Piping:  Split-plate, stamped-steel type with concealed hinge. 
c. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split-

casting brass type with polished, chrome-plated finish. 
d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split-plate, 

stamped-steel type with concealed hinge. 
e. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-casting brass 

type with polished, chrome-plated finish. 
f. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-plate, 

stamped-steel type with concealed hinge. 
g. Bare Piping in Unfinished Service Spaces:  Split-casting brass type with 

polished, chrome-plated finish. 
h. Bare Piping in Unfinished Service Spaces:  Split-plate, stamped-steel type 

with concealed hinge. 
i. Bare Piping in Equipment Rooms:  Split-casting brass type with polished, 

chrome-plated finish. 
j. Bare Piping in Equipment Rooms:  Split-plate, stamped-steel type with 

concealed hinge. 

C. Install floor plates for piping penetrations of equipment-room floors. 

D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and 
with OD that completely covers opening. 

1. New Piping:  One-piece, floor-plate type. 
2. Existing Piping:  Split-casting, floor-plate type. 

3.2 FIELD QUALITY CONTROL 

A. Replace broken and damaged escutcheons and floor plates using new materials. 
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END OF SECTION 220518 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 

 22 05 23 - 1 General-duty Valves for Plumbing Piping 

SECTION 220523 - GENERAL-DUTY VALVES FOR PLUMBING PIPING 
PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Bronze angle valves. 
2. Bronze ball valves. 
3. Iron, single-flange butterfly valves. 
4. Bronze lift check valves. 
5. Bronze swing check valves. 
6. Iron swing check valves. 
7. Iron swing check valves with closure control. 
8. Bronze gate valves. 
9. Iron gate valves. 
10. Bronze globe valves. 
11. Iron globe valves. 
12. Lubricated plug valves. 
13. Chainwheels. 

B. Related Sections: 
1. Division 22 plumbing piping Sections for specialty valves applicable to those 

Sections only. 
2. Division 22 Section "Identification for Plumbing Piping and Equipment" for valve 

tags and schedules. 
3. Division 33 water distribution piping Sections for general-duty and specialty 

valves for site construction piping. 
1.3 DEFINITIONS 

A. CWP:  Cold working pressure. 

B. EPDM:  Ethylene propylene copolymer rubber. 

C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber. 

D. NRS:  Non-rising stem. 

E. OS&Y:  Outside screw and yoke. 

F. RS:  Rising stem. 
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G. SWP:  Steam working pressure. 
1.4 SUBMITTALS 

A. Product Data:  For each type of valve indicated. 
1.5 QUALITY ASSURANCE 

A. Source Limitations for Valves:  Obtain each type of valve from single source from 
single manufacturer. 

B. ASME Compliance: 
1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design 

criteria. 
2. ASME B31.1 for power piping valves. 
3. ASME B31.9 for building services piping valves. 

C. NSF Compliance:  NSF 61 for valve materials for potable-water service. 

D. All valves shall be lead free.   
1.6 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 
1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, grooves, and weld ends. 
3. Set angle, gate, and globe valves closed to prevent rattling. 
4. Set ball and plug valves open to minimize exposure of functional surfaces. 
5. Set butterfly valves closed or slightly open. 
6. Block check valves in either closed or open position. 

B. Use the following precautions during storage: 
1. Maintain valve end protection. 
2. Store valves indoors and maintain at higher than ambient dew point temperature.  

If outdoor storage is necessary, store valves off the ground in watertight 
enclosures. 

C. Use sling to handle large valves; rig sling to avoid damage to exposed parts.  Do not 
use handwheels or stems as lifting or rigging points. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR VALVES 

A. Refer to valve schedule articles for applications of valves. 

B. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for 
system pressures and temperatures. 
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C. Valve Sizes:  Same as upstream piping unless otherwise indicated. 

D. Valve Actuator Types: 
1. Gear Actuator:  For quarter-turn valves NPS 8 and larger. 
2. Handwheel:  For valves other than quarter-turn types. 
3. Handlever:  For quarter-turn valves NPS 6 and smaller. 
4. Wrench:  For plug valves with square heads.  Furnish Owner with 1 wrench for 

every 5   plug valves, for each size square plug-valve head. 
5. Chainwheel:  Device for attachment to valve handwheel, stem, or other actuator; 

of size and with chain for mounting height, as indicated in the "Valve Installation" 
Article. 

E. Valves in Insulated Piping:  With 2-inch stem extensions and the following features: 
1. Gate Valves:  With rising stem. 
2. Ball Valves:  With extended operating handle of non-thermal-conductive material, 

and protective sleeve that allows operation of valve without breaking the vapor 
seal or disturbing insulation. 
a. Basis-of-Design Product:  Subject to compliance with requirements, 

provide Nibco Nib-Seal Handle Extension or comparable product by one of 
the following: 
1) Conbrco Industries Inc.; Apollo Division. 

3. Butterfly Valves:  With extended neck. 

F. Valve-End Connections: 
1. Flanged:  With flanges according to ASME B16.1 for iron valves. 
2. Solder Joint:  With sockets according to ASME B16.18. 
3. Threaded:  With threads according to ASME B1.20.1. 

G. Valve Bypass and Drain Connections:  MSS SP-45. 

H. Bronze valves shall be made with dezincification-resistant materials.  Bronze valves 
made with copper alloy (brass) containing more than 15 percent zinc are not permitted. 

2.2 BRONZE ANGLE VALVES 

A. Class 125, Bronze Angle Valves with Nonmetallic Disc: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Nibco Model S-311-Y or T-311-Y or comparable product by one of the following: 
a. American Valve, Inc. 
b. Milwaukee Valve. 
c. Crane Co.; Crane Valve Group; Crane Valves. 

2. Description: 
a. Standard:  MSS SP-80, Type 2. 
b. CWP Rating:  200 psig. 
c. Body Material:  ASTM B 62, bronze with integral seat and screw-in bonnet. 
d. Ends:  Threaded or Solder. 
e. Stem:  Copper- Silicon Bronze. 
f. Disc:  PTFE or TFE. 
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g. Packing:  Asbestos free. 
h. Handwheel:  Malleable iron. 

2.3 BRASS BALL VALVES 

2.4 BRONZE BALL VALVES 

A. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Nibco Model T-585-70 or S-585-70 or comparable product by one of the 
following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Hammond Valve. 
c. Milwaukee Valve Company. 

2. Description: 
a. Standard:  MSS SP-110. 
b. SWP Rating:  150 psig. 
c. CWP Rating:  600 psig. 
d. Body Design:  Two piece with threaded body packnut design (no threaded 

stem designs allowed) with adjustable stem packing. 
e. Body Material:  Bronze. 
f. Ends:  Threaded or Solder. 
g. Seats:  PTFE or TFE. 
h. Stem:  Bronze. 
i. Ball:  Chrome-plated brass. 
j. Port:  Full. 

2.5 IRON, SINGLE-FLANGE BUTTERFLY VALVES 

A. 200 CWP, Iron, Single-Flange Butterfly Valves with EPDM Seat and Aluminum-Bronze 
Disc: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Nibco Model LD-2000-3/5 and LD-1000-5 or comparable product by one of the 
following: 
a. Cooper Cameron Valves; a division of Cooper Cameron Corporation. 
b. Crane Co.; Crane Valve Group; Jenkins Valves. 
c. Tyco International, Ltd.; Tyco Valves & Controls. 

2. Description: 
a. Standard:  MSS SP-67, Type I. 
b. CWP Rating:  200 psig. 
c. Body Design:  Lug type; suitable for bidirectional dead-end service at rated 

pressure without use of downstream flange. 
d. Body Material:  ASTM A 536, ductile iron. 
e. Seat:  EPDM. 
f. Stem:  One- or two-piece stainless steel. 
g. Disc:  Aluminum bronze. 

 
 
 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 

 22 05 23 - 5 General-duty Valves for Plumbing Piping 

 
2.6 BRONZE LIFT CHECK VALVES 

A. Class 125, Lift Check Valves with Nonmetallic Buna-N Disc: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Nibco Model S-480 or T-480 or comparable product by one of the following: 
a. Hammond Valve. 
b. Milwaukee Valve Company. 
c. Mueller Steam Specialty; a division of SPX Corporation. 

2. Description: 
a. Standard:  MSS SP-80, Type 2. 
b. CWP Rating:  200 psig. 
c. Body Design:  Vertical flow. 
d. Body Material:  ASTM B 584 Alloy C844, bronze. 
e. Ends:  Threaded or Solder. 
f. Disc:  Buna-N. 

2.7 BRONZE SWING CHECK VALVES 

A. Class 125, Bronze Swing Check Valves with Bronze Disc: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Nibco Model S-413-B or T-413-B or comparable product by one of the following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Hammond Valve. 
c. Milwaukee Valve Company. 

2. Description: 
a. Standard:  MSS SP-80, Type 3. 
b. CWP Rating:  200 psig. 
c. Body Design:  Y-Pattern Horizontal flow. 
d. Body Material:  ASTM B 62, bronze. 
e. Ends:  Threaded or Solder. 
f. Disc:  Bronze. 

2.8 IRON SWING CHECK VALVES 

A. Class 125, Iron Swing Check Valves with Metal Seats: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Nibco Model F-918-B or comparable product by one of the following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Milwaukee Valve Company. 
c. Powell Valves. 

2. Description: 
a. Standard:  MSS SP-71, Type I. 
b. CWP Rating:  200 psig. 
c. Body Design:  Clear or full waterway. 
d. Body Material:  ASTM A 126, gray iron with bolted bonnet. 
e. Ends:  Flanged. 
f. Trim:  Bronze. 
g. Gasket:  Asbestos free. 
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h. Disc: Cast Bronze. 
2.9 IRON SWING CHECK VALVES WITH CLOSURE CONTROL 

A. Class 125, Iron Swing Check Valves with Lever- and Spring-Closure Control: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Nibco Model F-918-B-L&S or comparable product by one of the following: 
a. NIBCO INC. 
b. Powell Valves 
c. Milwaukee Valve Company. 

2. Description: 
a. Standard:  MSS SP-71, Type I. 
b. CWP Rating:  200 psig. 
c. Body Design:  Clear or full waterway. 
d. Body Material:  ASTM A 126, gray iron with bolted bonnet. 
e. Ends:  Flanged. 
f. Trim:  Bronze. 
g. Gasket:  Asbestos free. 
h. Closure Control:  Factory-installed, exterior lever and spring. 

2.10 BRONZE GATE VALVES 

A. Class 125, NRS Bronze Gate Valves: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Nibco Model S-113 or T-113 or comparable product by one of the following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Milwaukee Valve Company. 
c. Powell Valves. 

2. Description: 
a. Standard:  MSS SP-80, Type 1. 
b. CWP Rating:  200 psig. 
c. Body Material:  ASTM B 62, bronze with integral seat and screw-in bonnet. 
d. Ends:  Threaded or solder joint. 
e. Stem:  Copper-Silicon Bronze. 
f. Disc:  Solid wedge; bronze. 
g. Packing:  Asbestos free. 
h. Handwheel:  Malleable iron, bronze. 

2.11 IRON GATE VALVES 

A. Class 125, OS&Y, Iron Gate Valves: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Nibco Model F-617-0 or comparable product by one of the following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Milwaukee Valve Company. 
c. Powell Valves. 

2. Description: 
a. Standard:  MSS SP-70, Type I. 
b. CWP Rating:  200 psig. 
c. Body Material:  ASTM A 126, gray iron with bolted bonnet. 
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d. Ends:  Flanged. 
e. Trim:  Bronze. 
f. Disc:  Solid wedge. 
g. Packing and Gasket:  Asbestos free. 

2.12 BRONZE GLOBE VALVES 

A. Class 125, Bronze Globe Valves with Bronze Disc: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Nibco Model S-211-B or T-211-B or comparable product by one of the following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Milwaukee Valve Company. 
c. Powell Valves. 

2. Description: 
a. Standard:  MSS SP-80, Type 1. 
b. CWP Rating:  200 psig. 
c. Body Material:  ASTM B 62, bronze with integral seat and screw-in bonnet. 
d. Ends:  Threaded or solder joint. 
e. Stem and Disc:  Copper-Silicon. 
f. Packing:  Asbestos free. 
g. Handwheel:  Malleable iron, bronze. 

2.13 IRON GLOBE VALVES 

A. Class 125, Iron Globe Valves: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Nibco Model F-718-b or comparable product by one of the following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Milwaukee Valve Company. 
c. Powell Valves. 

2. Description: 
a. Standard:  MSS SP-85, Type I. 
b. CWP Rating:  200 psig. 
c. Body Material:  ASTM A 126, gray iron with bolted bonnet. 
d. Ends:  Flanged. 
e. Trim:  Bronze. 
f. Packing and Gasket:  Asbestos free. 

2.14 CHAINWHEELS 

A. Manufacturers:  Subject to compliance with requirements,  available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Babbitt Steam Specialty Co. 
2. Roto Hammer Industries. 
3. Trumbull Industries. 

B. Description:  Valve actuation assembly with sprocket rim, brackets, and chain. 
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1. Brackets:  Type, number, size, and fasteners required to mount actuator on 

valve. 
2. Sprocket Rim with Chain Guides:  Ductile iron, of type and size required for 

valve.  Include zinc coating. 
3. Chain:  Hot-dip, galvanized steel, of size required to fit sprocket rim. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  
Remove special packing materials, such as blocks, used to prevent disc movement 
during shipping and handling. 

B. Operate valves in positions from fully open to fully closed.  Examine guides and seats 
made accessible by such operations. 

C. Examine threads on valve and mating pipe for form and cleanliness. 

D. Examine mating flange faces for conditions that might cause leakage.  Check bolting 
for proper size, length, and material.  Verify that gasket is of proper size, that its 
material composition is suitable for service, and that it is free from defects and 
damage. 

E. Do not attempt to repair defective valves; replace with new valves. 
3.2 VALVE INSTALLATION 

A. Install valves with unions or flanges at each piece of equipment arranged to allow 
service, maintenance, and equipment removal without system shutdown. 

B. Locate valves for easy access and provide separate support where necessary. 

C. Install valves in horizontal piping with stem at or above center of pipe. 

D. Install valves in position to allow full stem movement. 

E. Install chainwheels on operators for   gate    valves NPS 4  and larger and more than 
96 inches  above floor.  Extend chains to 60 inches  above finished floor. 

F. Install check valves for proper direction of flow and as follows: 
1. Swing Check Valves:  In horizontal position with hinge pin level. 
2. Lift Check Valves:  With stem upright and plumb. 

3.3 ADJUSTING 

A. Adjust or replace valve packing after piping systems have been tested and put into 
service but before final adjusting and balancing.  Replace valves if persistent leaking 
occurs. 
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3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. If valve applications are not indicated, use the following: 
1. Shutoff Service:  Ball, butterfly, or gate valves. 
2. Butterfly Valve Dead-End Service:  Single-flange (lug) type. 
3. Throttling Service:   Globe or angle valves. 
4. Pump-Discharge Check Valves: 

a. NPS 2 and Smaller:  Bronze swing check valves with bronze   disc. 
b. NPS 2-1/2 and Larger for Domestic Water:  Iron swing check valves with 

lever and weight or with spring, metal -seat check valves. 
c. NPS 2-1/2 and Larger for Sanitary Waste and Storm Drainage:  Iron swing 

check valves with lever and weight or spring. 

B. If valves with specified SWP classes or CWP ratings are not available, the same types 
of valves with higher SWP classes or CWP ratings may be substituted. 

C. Select valves, except wafer types, with the following end connections: 
1. For Copper Tubing, NPS 2 and Smaller:  Threaded ends except where solder-

joint valve-end option is indicated in valve schedules below. 
2. For Copper Tubing, NPS 2-1/2 to NPS 4:  Flanged ends except where threaded 

valve-end option is indicated in valve schedules below. 
3. For Copper Tubing, NPS 5 and Larger:  Flanged ends. 
4. For Steel Piping, NPS 2 and Smaller:  Threaded ends. 
5. For Steel Piping, NPS 2-1/2 to NPS 4:  Flanged ends except where threaded 

valve-end option is indicated in valve schedules below. 
6. For Steel Piping, NPS 5 and Larger:  Flanged ends. 

3.5 LOW-PRESSURE, COMPRESSED-AIR VALVE SCHEDULE (150 PSIG OR LESS) 

A. Pipe NPS 2 and Smaller: 
1. Bronze and Brass Valves:  May be provided with solder-joint ends instead of 

threaded ends. 
2. Ball Valves:   Two piece, full   port,   bronze with  bronze  trim. 
3. Bronze Lift Check Valves:  Class 125, nonmetallic disc. 

B. Pipe NPS 2-1/2 and Larger: 
1. Iron Valves, NPS 2-1/2 to NPS 4:  May be provided with threaded ends instead 

of flanged ends. 
2. Iron, Single-Flange Butterfly Valves:  200 CWP, Buna-N seat, aluminum-bronze   

disc. 
3. Iron Swing Check Valves:  Class 125, metal seats. 

3.6 HIGH-PRESSURE, COMPRESSED-AIR VALVE SCHEDULE (Not used)) 

3.7 DOMESTIC, HOT- AND COLD-WATER VALVE SCHEDULE 

A. Pipe NPS 2 and Smaller: 
1. Bronze Valves:  May be provided with solder-joint ends instead of threaded ends. 
2. Bronze Angle Valves:  Class 125, nonmetallic disc. 
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3. Ball Valves:   Two piece, full   port, bronze with bronze trim. 
4. Bronze Swing Check Valves:  Class 125, bronze disc. 
5. Bronze Gate Valves:  Class 125, NRS. 
6. Bronze Globe Valves:  Class 125, bronze disc. 

B. Pipe NPS 2-1/2 and Larger: 
1. Iron Valves, NPS 2-1/2 to NPS 3:  May be provided with threaded ends instead 

of flanged ends. 
2. Iron, Single-Flange Butterfly Valves:  200 CWP, EPDM seat, aluminum-bronze   

disc. 
3. Iron Swing Check Valves:  Class 125, metal seats. 
4. Iron Swing Check Valves with Closure Control:  Class 125, lever and spring. 
5. Iron Gate Valves:  Class 125,  OS&Y. 
6. Iron Globe Valves:  Class 125. 

3.8 SANITARY-WASTE AND STORM-DRAINAGE VALVE SCHEDULE 

A. Pipe NPS 2 and Smaller: 
1. Bronze Valves:  May be provided with solder-joint ends instead of threaded ends. 
2. Bronze Angle Valves:  Class 125, nonmetallic disc. 
3. Ball Valves:   Two-piece, full   port, bronze with bronze trim. 
4. Bronze Swing Check Valves:  Class 125, bronze disc. 
5. Bronze Gate Valves:  Class 125, NRS. 

B. Pipe NPS 2-1/2 and Larger: 
1. Iron Valves, NPS 2-1/2 to NPS 3:  May be provided with threaded ends instead 

of flanged ends. 
2. Iron Swing Check Valves with Closure Control:  Class 125, lever and spring. 
3. Iron Gate Valves:  Class 125, OS&Y. 

END OF SECTION 220523 
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SECTION 220529 - HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section includes the following hangers and supports for plumbing system piping 
and equipment: 
1. Steel pipe hangers and supports. 
2. Trapeze pipe hangers. 
3. Metal framing systems. 
4. Thermal-hanger shield inserts. 
5. Fastener systems. 
6. Pipe stands. 
7. Pipe positioning systems. 
8. Equipment supports. 

B. Related Sections include the following: 
1. Division 05 Section "Metal Fabrications" for structural-steel shapes and plates for 

trapeze hangers for pipe and equipment supports. 
2. Division 21 Section "Water-Based Fire-Suppression Systems" for pipe hangers 

for fire-suppression piping. 
3. Division 22 Section "Expansion Fittings and Loops for Plumbing Piping" for pipe 

guides and anchors. 
4. Division 22 Section "Vibration and Seismic Controls for Plumbing Piping and 

Equipment" for vibration isolation devices. 
1.3 DEFINITIONS 

A. MSS:  Manufacturers Standardization Society for The Valve and Fittings Industry Inc. 

B. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers 
and Supports." 

1.4 PERFORMANCE REQUIREMENTS 

A. Design supports for multiple pipes, including pipe stands, capable of supporting 
combined weight of supported systems, system contents, and test water. 

B. Design equipment supports capable of supporting combined operating weight of 
supported equipment and connected systems and components. 

C. Design seismic-restraint hangers and supports for piping and equipment and obtain 
approval from authorities having jurisdiction. 
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1.5 SUBMITTALS 

A. Product Data:  For the following: 
1. Steel pipe hangers and supports. 
2. Thermal-hanger shield inserts. 
3. Powder-actuated fastener systems. 
4. Pipe positioning systems. 

B. Shop Drawings: Show fabrication and installation details and include calculations for 
the following: 
1. Trapeze pipe hangers.  Include Product Data for components. 
2. Metal framing systems.  Include Product Data for components. 
3. Pipe stands.  Include Product Data for components. 
4. Equipment supports. 

C. Welding certificates. 
1.6 QUALITY ASSURANCE 

A. Welding:  Qualify procedures and personnel according to ASME Boiler and Pressure 
Vessel Code:  Section IX. 

B. Welding:  Qualify procedures and personnel according to the following: 
1. ASME Boiler and Pressure Vessel Code:  Section IX. 

PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, manufacturers specified. 

2. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 STEEL PIPE HANGERS AND SUPPORTS 

A. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components.  Refer 
to Part 3 "Hanger and Support Applications" Article for where to use specific hanger 
and support types. 

B. Manufacturers: 
1. Carpenter & Paterson, Inc. 
2. Grinnell Corp. 
3. Tolco Inc. 

C. Galvanized, Metallic Coatings:  Pre-galvanized or hot dipped. 

D. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 
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E. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion for 
support of bearing surface of piping. 

2.3 TRAPEZE PIPE HANGERS 

A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly 
made from structural-steel shapes with MSS SP-58 hanger rods, nuts, saddles, and U-
bolts. 

2.4 METAL FRAMING SYSTEMS 

A. Description:  MFMA-3, shop- or field-fabricated pipe-support assembly made of steel 
channels and other components. 

B. Manufacturers: 
1. Power-Strut Div.; Tyco International, Ltd. 
2. Tolco Inc. 
3. Unistrut Corp.; Tyco International, Ltd. 

C. Coatings:  Manufacturer's standard finish unless bare metal surfaces are indicated. 

D. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 
2.5 THERMAL-HANGER SHIELD INSERTS 

A. Description:  100-psig- minimum, compressive-strength insulation insert encased in 
sheet metal shield. 

B. Manufacturers: 
1. Carpenter & Paterson, Inc. 
2. Pipe Shields, Inc. 
3. Rilco Manufacturing Company, Inc. 

C. Insulation-Insert Material for Cold Piping:  Water-repellent treated, ASTM C 533, Type I 
calcium silicate or ASTM C 552, Type II cellular glass with vapor barrier. 

D. Insulation-Insert Material for Hot Piping:  Water-repellent treated, ASTM C 533, Type I 
calcium silicate or ASTM C 552, Type II cellular glass. 

E. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference 
of pipe. 

F. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe. 

G. Insert Length:  Extend 2 inches beyond sheet metal shield for piping operating below 
ambient air temperature. 
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2.6 FASTENER SYSTEMS 

A. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland 
cement concrete with pull-out, tension, and shear capacities appropriate for supported 
loads and building materials where used. 
1. Manufacturers: 

a. Hilti, Inc. 
b. ITW Ramset/Red Head. 
c. Powers Fasteners. 

B. Mechanical-Expansion Anchors:  Insert-wedge-type zinc-coated steel, for use in 
hardened Portland cement concrete with pull-out, tension, and shear capacities 
appropriate for supported loads and building materials where used. 
1. Manufacturers: 

a. Hilti, Inc. 
b. ITW Ramset/Red Head. 
c. Powers Fasteners. 

2.7 PIPE STAND FABRICATION 

A. Pipe Stands, General:  Shop or field-fabricated assemblies made of manufactured 
corrosion-resistant components to support roof-mounted piping. 

B. Low-Type, Single-Pipe Stand:  One-piece stainless-steel base unit with plastic roller, 
for roof installation without membrane penetration. 
1. Manufacturers: 

a. MIRO Industries. 

C. High-Type, Single-Pipe Stand:  Assembly of base, vertical and horizontal members, 
and pipe support, for roof installation without membrane penetration. 
1. Manufacturers: 

a. ERICO/Michigan Hanger Co. 
b. MIRO Industries. 
c. Portable Pipe Hangers. 

2. Base:  Stainless steel. 
3. Vertical Members:  Two or more cadmium-plated-steel or stainless-steel, 

continuous-thread rods. 
4. Horizontal Member:  Cadmium-plated-steel or stainless-steel rod with plastic or 

stainless-steel, roller-type pipe support. 

D. High-Type, Multiple-Pipe Stand:  Assembly of bases, vertical and horizontal members, 
and pipe supports, for roof installation without membrane penetration. 
1. Manufacturers: 

a. Portable Pipe Hangers. 
2. Bases:  One or more plastic. 
3. Vertical Members:  Two or more protective-coated-steel channels. 
4. Horizontal Member:  Protective-coated-steel channel. 
5. Pipe Supports:  Galvanized-steel, clevis-type pipe hangers. 
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E. Curb-Mounting-Type Pipe Stands:  Shop- or field-fabricated pipe support made from 
structural-steel shape, continuous-thread rods, and rollers for mounting on permanent 
stationary roof curb. 

2.8 PIPE POSITIONING SYSTEMS 

A. Description:  IAPMO PS 42, system of metal brackets, clips, and straps for positioning 
piping in pipe spaces for plumbing fixtures for commercial applications. 

B. Manufacturers: 
1. C & S Mfg. Corp. 
2. HOLDRITE Corp.; Hubbard Enterprises. 
3. Samco Stamping, Inc. 

2.9 EQUIPMENT SUPPORTS 

A. Description:  Welded, shop- or field-fabricated equipment support made from 
structural-steel shapes. 

2.10 MISCELLANEOUS MATERIALS 

A. Structural Steel:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and 
galvanized. 

B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink 
and nonmetallic grout; suitable for interior and exterior applications. 
1. Properties:  Non-staining, noncorrosive, and nongaseous. 
2. Design Mix:  5000-psi, 28-day compressive strength. 

PART 3 - EXECUTION 
3.1 HANGER AND SUPPORT APPLICATIONS 

A. Specific hanger and support requirements are specified in Sections specifying piping 
systems and equipment. 

B. Comply with MSS SP-69 for pipe hanger selections and applications that are not 
specified in piping system Sections. 

C. Use hangers and supports with galvanized, metallic coatings for piping and equipment 
that will not have field-applied finish. 

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments 
are in direct contact with copper tubing. 

E. Use padded hangers for piping that is subject to scratching. 

F. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as 
specified in piping system Sections, install the following types: 

 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 

 22 05 29 - 6 Hangers and Supports For  
  Plumbing Piping and Equipment 

1. Adjustable, Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated 
or insulated stationary pipes, NPS 1/2 to NPS 30. 

2. Single Pipe Rolls (MSS Type 41):  For suspension of pipes, NPS 1 to NPS 30, 
from 2 rods if longitudinal movement caused by expansion and contraction might 
occur. 

3. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes, NPS 2-1/2 
to NPS 20, from single rod if horizontal movement caused by expansion and 
contraction might occur. 

4. Adjustable Pipe Roll and Base Units (MSS Type 46):  For support of pipes, 
NPS 2 to NPS 30, if vertical and lateral adjustment during installation might be 
required in addition to expansion and contraction. 

G. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 
1. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers, 

NPS 3/4 to NPS 20, if longer ends are required for riser clamps. 

H. Building Attachments:  Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 
1. Steel or Malleable Concrete Inserts (MSS Type 18):  For upper attachment to 

suspend pipe hangers from concrete ceiling. 
2. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-

joist construction to attach to top flange of structural shape. 
3. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange 

of beams, channels, or angles. 
4. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange 

of beams. 
5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if 

loads are considerable and rod sizes are large. 
6. C-Clamps (MSS Type 23):  For structural shapes. 
7. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required 

tangent to flange edge. 
8. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams. 
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to bottom of 

steel I-beams for heavy loads. 
10. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching to bottom of 

steel I-beams for heavy loads, with link extensions. 
11. Malleable Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to 

structural steel. 
12. Welded-Steel Brackets:  For support of pipes from below, or for suspending from 

above by using clip and rod.  Use one of the following for indicated loads: 
a. Light (MSS Type 31):  750 lb. 
b. Medium (MSS Type 32):  1500 lb. 
c. Heavy (MSS Type 33):  3000 lb. 

13. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams. 
14. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is 

required. 
15. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to 

linear horizontal movement where headroom is limited. 
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I. Saddles and Shields:  Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 
1. Steel Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with 

insulation that matches adjoining insulation. 
2. Protection Shields (MSS Type 40):  Of length recommended in writing by 

manufacturer to prevent crushing insulation. 
3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe. 

J. Comply with MSS SP-69 for trapeze pipe hanger selections and applications that are 
not specified in piping system Sections. 

K. Comply with MFMA-102 for metal framing system selections and applications that are 
not specified in piping system Sections. 

L. Use powder-actuated fasteners mechanical-expansion anchors instead of building 
attachments where required in concrete construction. 

M. Use pipe positioning systems in pipe spaces behind plumbing fixtures to support 
supply and waste piping for plumbing fixtures. 

3.2 HANGER AND SUPPORT INSTALLATION 

A. Steel Pipe Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Install 
hangers, supports, clamps, and attachments as required to properly support piping 
from building structure. 

B. Trapeze Pipe Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Arrange 
for grouping of parallel runs of horizontal piping and support together on field-fabricated 
trapeze pipe hangers. 
1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe 

size or install intermediate supports for smaller diameter pipes as specified 
above for individual pipe hangers. 

2. Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being 
supported.  Weld steel according to AWS D1.1. 

C. Metal Framing System Installation:  Arrange for grouping of parallel runs of piping and 
support together on field-assembled metal framing systems. 

D. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for insulated piping. 

E. Fastener System Installation: 
1. Install powder-actuated fasteners for use in lightweight concrete or concrete 

slabs less than 4 inches thick in concrete after concrete is placed and completely 
cured.  Use operators that are licensed by powder-actuated tool manufacturer.  
Install fasteners according to powder-actuated tool manufacturer's operating 
manual. 

2. Install mechanical-expansion anchors in concrete after concrete is placed and 
completely cured.  Install fasteners according to manufacturer's written 
instructions. 

 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 

 22 05 29 - 8 Hangers and Supports For  
  Plumbing Piping and Equipment 

F. Pipe Stand Installation: 
1. Pipe Stand Types except Curb-Mounting Type:  Assemble components and 

mount on smooth roof surface.  Do not penetrate roof membrane. 
2. Curb-Mounting-Type Pipe Stands:  Assemble components or fabricate pipe stand 

and mount on permanent, stationary roof curb.  Refer to Division 07 Section 
"Roof Accessories" for curbs. 

G. Pipe Positioning System Installation:  Install support devices to make rigid supply and 
waste piping connections to each plumbing fixture.  Refer to Division 22 Section 
"Plumbing Fixtures" for plumbing fixtures. 

H. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, 
washers, and other accessories. 

I. Equipment Support Installation:  Fabricate from welded-structural-steel shapes. 

J. Install hangers and supports to allow controlled thermal and seismic movement of 
piping systems, to permit freedom of movement between pipe anchors, and to facilitate 
action of expansion joints, expansion loops, expansion bends, and similar units. 

K. Install lateral bracing with pipe hangers and supports to prevent swaying. 

L. Install building attachments within concrete slabs or attach to structural steel.  Install 
additional attachments at concentrated loads, including valves, flanges, and strainers, 
NPS 2-1/2 and larger and at changes in direction of piping.  Install concrete inserts 
before concrete is placed; fasten inserts to forms and install reinforcing bars through 
openings at top of inserts. 

M. Load Distribution:  Install hangers and supports so piping live and dead loads and 
stresses from movement will not be transmitted to connected equipment. 

N. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so 
maximum pipe deflections allowed by ASME B31.9 (for building services piping) are 
not exceeded. 

O. Insulated Piping:  Comply with the following: 
1. Attach clamps and spacers to piping. 

a. Piping Operating above Ambient Air Temperature:  Clamp may project 
through insulation. 

b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger 
shield insert with clamp sized to match OD of insert. 

c. Do not exceed pipe stress limits according to ASME B31.9 for building 
services piping. 

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier 
is indicated.  Fill interior voids with insulation that matches adjoining insulation. 
a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-

distribution plate for pipe NPS 4 and larger if pipe is installed on rollers. 
3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier.  

Shields shall span an arc of 180 degrees. 
 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 

 22 05 29 - 9 Hangers and Supports For  
  Plumbing Piping and Equipment 

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers. 

4. Shield Dimensions for Pipe:  Not less than the following: 
a. NPS 1/4 to NPS 3-1/2:  12 inches long and 0.048 inch thick. 
b. NPS 4:  12 inches long and 0.06 inch thick. 
c. NPS 5 and NPS 6:  18 inches long and 0.06 inch thick. 
d. NPS 8 to NPS 14:  24 inches long and 0.075 inch thick. 
e. NPS 16 to NPS 24:  24 inches long and 0.105 inch thick. 

5. Pipes NPS 8 and Larger:  Include wood inserts. 
6. Insert Material:  Length at least as long as protective shield. 
7. Thermal-Hanger Shields:  Install with insulation same thickness as piping 

insulation. 
3.3 EQUIPMENT SUPPORTS 

A. Fabricate structural-steel stands to suspend equipment from structure overhead or to 
support equipment above floor. 

B. Grouting:  Place grout under supports for equipment and make smooth bearing 
surface. 

C. Provide lateral bracing, to prevent swaying, for equipment supports. 
3.4 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangersequipment 
supports. 

B. Fit exposed connections together to form hairline joints.  Field weld connections that 
cannot be shop welded because of shipping size limitations. 

C. Field Welding:  Comply with AWS D1.1 procedures for shielded metal arc welding, 
appearance and quality of welds, and methods used in correcting welding work, and 
with the following: 
1. Use materials and methods that minimize distortion and develop strength and 

corrosion resistance of base metals. 
2. Obtain fusion without undercut or overlap. 
3. Remove welding flux immediately. 
4. Finish welds at exposed connections so no roughness shows after finishing and 

contours of welded surfaces match adjacent contours. 
3.5 ADJUSTING 

A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to 
achieve indicated slope of pipe. 

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches . 
3.6 PAINTING 

A. Touch Up:  Clean field welds and abraded areas of shop paint.  Paint exposed areas 
immediately after erecting hangers and supports.  Use same materials as used for  
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shop painting.  Comply with SSPC-PA 1 requirements for touching up field-painted 
surfaces. 
1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils. 

B. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A 780. 

END OF SECTION 220529 
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SECTION 220553 - IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Equipment labels. 
2. Warning signs and labels. 
3. Pipe labels. 
4. Stencils. 
5. Valve tags. 
6. Warning tags. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the 
proposed content for each label. 

C. Valve numbering scheme. 

D. Valve Schedules:  For each piping system to include in maintenance manuals. 
1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and painting 
of surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 
PART 2 - PRODUCTS 
2.1 EQUIPMENT LABELS 

A. Metal Labels for Equipment: 

1. Material and Thickness:  Brass, 0.032-inch minimum thickness, and having 
predrilled or stamped holes for attachment hardware. 

2. Minimum Label Size:  Length and width vary for required label content, but not 
less than 2-1/2 by 3/4 inch. 

3. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 
24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately 
larger lettering for greater viewing distances.  Include secondary lettering two-
thirds to three-fourths the size of principal lettering. 
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4. Fasteners:  Stainless-steel rivets or self-tapping screws. 
5. Adhesive:  Contact-type permanent adhesive, compatible with label and with 

substrate. 

B. Label Content:  Include equipment's Drawing designation or unique equipment number, 
drawing numbers where equipment is indicated (plans, details, and schedules), plus 
the Specification Section number and title where equipment is specified. 

C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-
inch bond paper.  Tabulate equipment identification number and identify Drawing 
numbers where equipment is indicated (plans, details, and schedules), plus the 
Specification Section number and title where equipment is specified.  Equipment 
schedule shall be included in operation and maintenance data. 

2.2 WARNING SIGNS AND LABELS 

A. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 
1/8 inch thick, and having predrilled holes for attachment hardware. 

B. Letter Color:  Black. 

C. Background Color:  White. 

D. Maximum Temperature:  Able to withstand temperatures up to 160 deg F. 

E. Minimum Label Size:  Length and width vary for required label content, but not less 
than 2-1/2 by 3/4 inch. 

F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 
inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger 
lettering for greater viewing distances.  Include secondary lettering two-thirds to three-
fourths the size of principal lettering. 

G. Fasteners:  Stainless-steel rivets or self-tapping screws. 

H. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate. 

I. Label Content:  Include caution and warning information, plus emergency notification 
instructions. 

2.3 PIPE LABELS 

A. General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, with 
lettering indicating service, and showing flow direction. 

B. Pretensioned Pipe Labels:  Precoiled, semirigid plastic formed to cover full 
circumference of pipe and to attach to pipe without fasteners or adhesive. 

C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-adhesive 
backing. 

D. Pipe Label Contents:  Include identification of piping service using same designations 
or abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction. 
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1. Flow-Direction Arrows:  Integral with piping system service lettering to 
accommodate both directions, or as separate unit on each pipe label to indicate 
flow direction. 

2. Lettering Size:  At least 1-1/2 inches high. 
2.4 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation 
and 1/2-inch numbers. 

1. Tag Material:  Brass, 0.032-inch minimum thickness, and having predrilled or 
stamped holes for attachment hardware. 

2. Fasteners:  Brass wire-link or beaded chain; or S-hook. 

B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch bond paper.  Tabulate 
valve number, piping system, system abbreviation (as shown on valve tag), location of 
valve (room or space), normal-operating position (open, closed, or modulating), and 
variations for identification.  Mark valves for emergency shutoff and similar special 
uses. 

1. Valve-tag schedule shall be included in operation and maintenance data. 
2.5 WARNING TAGS 

A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags, of 
plasticized card stock with matte finish suitable for writing. 

1. Size:  Approximately 4 by 7 inches. 
2. Fasteners:  Brass grommet and wire. 
3. Nomenclature:  Large-size primary caption such as "DANGER," "CAUTION," or 

"DO NOT OPERATE." 
4. Color:  Yellow background with black lettering. 

PART 3 - EXECUTION 
3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of 
identification devices, including dirt, oil, grease, release agents, and incompatible 
primers, paints, and encapsulants. 

3.2 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of mechanical equipment. 

B. Locate equipment labels where accessible and visible. 
3.3 PIPE LABEL INSTALLATION 

A. Piping Color-Coding:  Painting of piping is specified in Division 09 Section "Interior 
Painting." 
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B. Locate pipe labels where piping is exposed or above accessible ceilings in finished 
spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and 
plenums; and exterior exposed locations as follows: 

1. Near each valve and control device. 
2. Near each branch connection, excluding short takeoffs for fixtures and terminal 

units.  Where flow pattern is not obvious, mark each pipe at branch. 
3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures. 
4. At access doors, manholes, and similar access points that permit view of 

concealed piping. 
5. Near major equipment items and other points of origination and termination. 
6. Spaced at maximum intervals of 50 feet along each run.  Reduce intervals to 25 

feet in areas of congested piping and equipment. 
7. On piping above removable acoustical ceilings.  Omit intermediately spaced 

labels. 

C. Pipe Label Color Schedule: As per ANSI A13.1 and OSHA 
3.4 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check valves; 
valves within factory-fabricated equipment units; shutoff valves; faucets; convenience 
and lawn-watering hose connections; and similar roughing-in connections of end-use 
fixtures and units.  List tagged valves in a valve schedule. 

B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color 
scheme and with captions similar to those indicated in the following subparagraphs: 

1. Valve-Tag Size and Shape: 

a. Cold Water:  1-1/2 inches, round. 
b. Hot Water:  1-1/2 inches, round. 

2. Valve-Tag Color: 

a. Cold Water:  Green. 
b. Hot Water:  Natural. 

3. Letter Color: 

a. Cold Water:  White. 
b. Hot Water:  Black. 

3.5 WARNING-TAG INSTALLATION 

A. Write required message on, and attach warning tags to, equipment and other items 
where required. 

END OF SECTION 220553 
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SECTION 22 07 19 - PLUMBING PIPING INSULATION 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes insulating the following plumbing piping services: 

1. Domestic cold-water piping. 
2. Domestic hot-water piping. 
3. Domestic recirculating hot-water piping. 
4. Sanitary waste piping exposed to freezing conditions. 
5. Storm-water piping exposed to freezing conditions. 
6. Roof drains and rainwater leaders. 
7. Supplies and drains for handicap-accessible lavatories and sinks. 

B. Related Sections: 

1. Section 221116 "Domestic Water Piping." 
1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-
vapor permeance thickness, and jackets (both factory- and field-applied, if any). 

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other 
work. 

1. Detail application of protective shields, saddles, and inserts at hangers for each 
type of insulation and hanger. 

2. Detail insulation application at pipe expansion joints for each type of insulation. 
3. Detail insulation application at elbows, fittings, flanges, valves, and specialties for 

each type of insulation. 
4. Detail removable insulation at piping specialties, equipment connections, and 

access panels. 
5. Detail application of field-applied jackets. 

C. Samples:  For each type of insulation and jacket indicated.  Identify each Sample, 
describing product and intended use.  Sample sizes are as follows: 

1. Preformed Pipe Insulation Materials:  12 inches long by NPS 2. 
2. Jacket Materials for Pipe:  12 inches long by NPS 2. 
3. Sheet Jacket Materials:  12 inches square. 
4. Manufacturer's Color Charts:  For products where color is specified, show the full 

range of colors available for each type of finish material. 
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1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 

B. Material Test Reports:  From a qualified testing agency acceptable to authorities 
having jurisdiction indicating, interpreting, and certifying test results for compliance of 
insulation materials, sealers, attachments, cements, and jackets, with requirements 
indicated.  Include dates of tests and test methods employed. 

C. Field quality-control reports. 
1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed an 
apprenticeship program or another craft training program certified by the Department of 
Labor, Bureau of Apprenticeship and Training. 

B. Surface-Burning Characteristics:  For insulation and related materials, as determined 
by testing identical products according to ASTM E 84 by a testing agency acceptable to 
authorities having jurisdiction.  Factory label insulation and jacket materials and 
adhesive, mastic, tapes, and cement material containers, with appropriate markings of 
applicable testing agency. 

1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-
developed index of 50 or less. 

2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-
developed index of 150 or less. 

C. Comply with the following applicable standards and other requirements specified for 
miscellaneous components: 

1. Supply and Drain Protective Shielding Guards:  ICC A117.1. 
1.6 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by manufacturer with 
appropriate ASTM standard designation, type and grade, and maximum use 
temperature. 

1.7 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Section 220529 "Hangers and Supports for Plumbing Piping and Equipment." 

B. Coordinate clearance requirements with piping Installer for piping insulation 
application.  Before preparing piping Shop Drawings, establish and maintain clearance 
requirements for installation of insulation and field-applied jackets and finishes and for 
space required for maintenance. 
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1.8 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, 
after installing and testing heat tracing.  Insulation application may begin on segments 
that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 

PART 2 - PRODUCTS 
2.1 INSULATION MATERIALS 

A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping 
Insulation Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and 
"Outdoor, Underground Piping Insulation Schedule" articles for where insulating 
materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable chloride 
content of less than 50 ppm when tested according to ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the 
manufacturing process. 

F. Cellular Glass:  Inorganic, incombustible, foamed or cellulated glass with annealed, 
rigid, hermetically sealed cells.  Factory-applied jacket requirements are specified in 
"Factory-Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Pittsburgh Corning Corporation; Foamglas. 

2. Block Insulation:  ASTM C 552, Type I. 
3. Special-Shaped Insulation:  ASTM C 552, Type III. 
4. Preformed Pipe Insulation without Jacket:  Comply with ASTM C 552, Type II, 

Class 1. 
5. Preformed Pipe Insulation with Factory-Applied ASJ:  Comply with ASTM C 552, 

Type II, Class 2. 
6. Factory fabricate shapes according to ASTM C 450 and ASTM C 585. 

G. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  
Comply with ASTM C 534, Type I for tubular materials. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

http://www.specagent.com/LookUp/?ulid=1886&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822316&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=1887&mf=04&src=wd
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a. Aeroflex USA, Inc.; Aerocel. 
b. Armacell LLC; AP Armaflex. 
c. K-Flex USA; Insul-Lock, Insul-Tube, and K-FLEX LS. 

H. Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a thermosetting 
resin.  Comply with ASTM C 553, Type II and ASTM C 1290, Type I.  Factory-applied 
jacket requirements are specified in "Factory-Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. CertainTeed Corp.; SoftTouch Duct Wrap. 
b. Johns Manville; Microlite. 
c. Knauf Insulation; Friendly Feel Duct Wrap. 
d. Manson Insulation Inc.; Alley Wrap. 
e. Owens Corning; SOFTR All-Service Duct Wrap. 

I. Mineral-Fiber, Preformed Pipe Insulation: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Fibrex Insulations Inc.; Coreplus 1200. 
b. Johns Manville; Micro-Lok. 
c. Knauf Insulation; 1000-Degree Pipe Insulation. 
d. Manson Insulation Inc.; Alley-K. 
e. Owens Corning; Fiberglas Pipe Insulation. 

2. Type I, 850 Deg F Materials:  Mineral or glass fibers bonded with a thermosetting 
resin.  Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ.  
Factory-applied jacket requirements are specified in "Factory-Applied Jackets" 
Article. 

2.2 INSULATING CEMENTS 

A. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Ramco Insulation, Inc.; Super-Stik. 

B. Expanded or Exfoliated Vermiculite Insulating Cement:  Comply with ASTM C 196. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Ramco Insulation, Inc.; Thermokote V. 

C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with 
ASTM C 449. 
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1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote. 
2.3 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for 
bonding insulation to itself and to surfaces to be insulated, unless otherwise indicated. 

B. Cellular-Glass Adhesive:  Two-component, thermosetting urethane adhesive 
containing no flammable solvents, with a service temperature range of minus 100 to 
plus 200 deg F. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; 81-84. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

C. Flexible Elastomeric Adhesive:  Comply with MIL-A-24179A, Type II, Class I. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Aeroflex USA, Inc.; Aeroseal. 
b. Armacell LLC; Armaflex 520 Adhesive. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-75. 
d. K-Flex USA; R-373 Contact Adhesive. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

D. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; CP-127. 

b. Eagle Bridges - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-60/85-70. 
d. Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
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E. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, 
Grade A for bonding insulation jacket lap seams and joints. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; CP-82. 

b. Eagle Bridges - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-20. 
d. Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

F. PVC Jacket Adhesive:  Compatible with PVC jacket. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Dow Corning Corporation; 739, Dow Silicone. 
b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding 

Adhesive. 
c. P.I.C. Plastics, Inc.; Welding Adhesive. 
d. Speedline Corporation; Polyco VP Adhesive. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2.4 SEALANTS 

A. Joint Sealants: 

1. Joint Sealants for Cellular-Glass and Phenolic Products:  Subject to compliance 
with requirements, available products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; CP-76. 

b. Eagle Bridges - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 30-45. 
d. Mon-Eco Industries, Inc.; 44-05. 
e. Pittsburgh Corning Corporation; Pittseal 444. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Permanently flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 100 to plus 300 deg F. 
5. Color:  White or gray. 
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6. For indoor applications, sealants shall have a VOC content of 420 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. FSK and Metal Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; CP-76. 

b. Eagle Bridges - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 95-44. 
d. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
5. Color:  Aluminum. 
6. For indoor applications, sealants shall have a VOC content of 420 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

C. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; CP-76. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
5. Color:  White. 
6. For indoor applications, sealants shall have a VOC content of 420 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
2.5 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications.  
When factory-applied jackets are indicated, comply with the following: 

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 
complying with ASTM C 1136, Type I. 

2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive 
covered by a removable protective strip; complying with ASTM C 1136, Type I. 

3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 
complying with ASTM C 1136, Type II. 
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2.6 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise 
indicated. 

B. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and 
forming.  Thickness is indicated in field-applied jacket schedules. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Johns Manville; Zeston. 
b. P.I.C. Plastics, Inc.; FG Series. 
c. Proto Corporation; LoSmoke. 
d. Speedline Corporation; SmokeSafe. 

2. Adhesive:  As recommended by jacket material manufacturer. 
3. Color:  White. 
4. Factory-fabricated fitting covers to match jacket if available; otherwise, field 

fabricate. 

a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, 
flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical 
joints, and P-trap and supply covers for lavatories. 

C. Metal Jacket: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; Metal Jacketing Systems. 

b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing. 
c. RPR Products, Inc.; Insul-Mate. 

2. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005, 
Temper H-14. 

a. Sheet and roll stock ready for shop or field sizing. 
b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Indoor Applications:  1-mil- thick, heat-bonded 

polyethylene and kraft paper. 
d. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius 

elbows. 
3) Tee covers. 
4) Flange and union covers. 
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5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are 

not available. 

D. Underground Direct-Buried Jacket:  125-mil- thick vapor barrier and waterproofing 
membrane consisting of a rubberized bituminous resin reinforced with a woven-glass 
fiber or polyester scrim and laminated aluminum foil. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Pittsburgh Corning Corporation; Pittwrap. 
b. Polyguard Products, Inc.; Insulrap No Torch 125. 

2.7 TAPES 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive, complying with ASTM C 1136. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. ABI, Ideal Tape Division; 428 AWF ASJ. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836. 
c. Compac Corporation; 104 and 105. 
d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ. 

2. Width:  3 inches. 
3. Thickness:  11.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive; complying with ASTM C 1136. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. ABI, Ideal Tape Division; 491 AWF FSK. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827. 
c. Compac Corporation; 110 and 111. 
d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ. 

2. Width:  3 inches. 
3. Thickness:  6.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
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6. Tensile Strength:  40 lbf/inch in width. 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 

C. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic 
adhesive; suitable for indoor and outdoor applications. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. ABI, Ideal Tape Division; 370 White PVC tape. 
b. Compac Corporation; 130. 
c. Venture Tape; 1506 CW NS. 

2. Width:  2 inches. 
3. Thickness:  6 mils. 
4. Adhesion:  64 ounces force/inch in width. 
5. Elongation:  500 percent. 
6. Tensile Strength:  18 lbf/inch in width. 

D. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. ABI, Ideal Tape Division; 488 AWF. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800. 
c. Compac Corporation; 120. 
d. Venture Tape; 3520 CW. 

2. Width:  2 inches. 
3. Thickness:  3.7 mils. 
4. Adhesion:  100 ounces force/inch in width. 
5. Elongation:  5 percent. 
6. Tensile Strength:  34 lbf/inch in width. 

2.8 SECUREMENTS 

A. Bands: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. ITW Insulation Systems; Gerrard Strapping and Seals. 
b. RPR Products, Inc.; Insul-Mate Strapping and Seals. 

2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 
0.015 inch thick, 1/2 inch wide with wing seal or closed seal. 

3. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 
inch  thick, 1/2 inch wide with wing seal or closed seal. 
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B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel 
or Monel. 

2.9 PROTECTIVE SHIELDING GUARDS 

A. Protective Shielding Pipe Covers: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Insul-Tect Products Co.; a subsidiary of MVG Molded Products. 
b. McGuire Manufacturing. 
c. Truebro; a brand of IPS Corporation. 
d. Zurn Industries, LLC; Tubular Brass Plumbing Products Operation. 

2. Description:  Manufactured plastic wraps for covering plumbing fixture hot- and 
cold-water supplies and trap and drain piping.  Comply with Americans with 
Disabilities Act (ADA) requirements. 

B. Protective Shielding Piping Enclosures: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

a. Truebro; a brand of IPS Corporation. 
b. Zurn Industries, LLC; Tubular Brass Plumbing Products Operation. 

2. Description:  Manufactured plastic enclosure for covering plumbing fixture hot- 
and cold-water supplies and trap and drain piping.  Comply with ADA 
requirements. 

PART 3 - EXECUTION 
3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation 
tolerances and other conditions affecting performance of insulation application. 

1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 
3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials 
that will adversely affect insulation application. 

B. Coordinate insulation installation with the trade installing heat tracing.  Comply with 
requirements for heat tracing that apply to insulation. 
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C. Mix insulating cements with clean potable water; if insulating cements are to be in 
contact with stainless-steel surfaces, use demineralized water. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even 
surfaces; free of voids throughout the length of piping including fittings, valves, and 
specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses 
required for each item of pipe system as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service.  
Install accessories that do not corrode, soften, or otherwise attack insulation or jacket 
in either wet or dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and 
specialties. 

G. Keep insulation materials dry during application and finishing. 

H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints 
with adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate 
and wet and dry film thicknesses. 

K. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- wide strips, of same material as 

insulation jacket.  Secure strips with adhesive and outward clinching staples 
along both edges of strip, spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches.  Install insulation with 
longitudinal seams at bottom of pipe.  Clean and dry surface to receive self-
sealing lap.  Staple laps with outward clinching staples along edge at 4 inches 
o.c. 

a. For below-ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape, according to insulation material manufacturer's 
written instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and 
joints and at ends adjacent to pipe flanges and fittings. 
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L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its 
nominal thickness. 

M. Finish installation with systems at operating conditions.  Repair joint separations and 
cracking due to thermal movement. 

N. Repair damaged insulation facings by applying same facing material over damaged 
areas.  Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and 
seal patches similar to butt joints. 

O. For above-ambient services, do not install insulation to the following: 

1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Cleanouts. 

3.4 PENETRATIONS 

A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof 
penetrations. 

1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof 

surface and seal with joint sealant.  For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends.  Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below 
top of roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

B. Insulation Installation at Underground Exterior Wall Penetrations:  Terminate insulation 
flush with sleeve seal.  Seal terminations with flashing sealant. 

C. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation 
continuously through wall penetrations. 

1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation inside wall 

surface and seal with joint sealant.  For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends.  Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing 
at least 2 inches. 

4. Seal jacket to wall flashing with flashing sealant. 

D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire 
Rated):  Install insulation continuously through walls and partitions. 

E. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation 
continuously through penetrations of fire-rated walls and partitions. 
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1. Comply with requirements in Section 078413 "Penetration Firestopping" for 
firestopping and fire-resistive joint sealers. 

F. Insulation Installation at Floor Penetrations: 

1. Pipe:  Install insulation continuously through floor penetrations. 
2. Seal penetrations through fire-rated assemblies.  Comply with requirements in 

Section 078413 "Penetration Firestopping." 
3.5 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials except where 
more specific requirements are specified in various pipe insulation material installation 
articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 

1. Install insulation over fittings, valves, strainers, flanges, unions, and other 
specialties with continuous thermal and vapor-retarder integrity unless otherwise 
indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made 
from same material and density as adjacent pipe insulation.  Each piece shall be 
butted tightly against adjoining piece and bonded with adhesive.  Fill joints, 
seams, voids, and irregular surfaces with insulating cement finished to a smooth, 
hard, and uniform contour that is uniform with adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of 
same material and thickness as used for adjacent pipe.  Cut sectional pipe 
insulation to fit.  Butt each section closely to the next and hold in place with tie 
wire.  Bond pieces with adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe.  Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker.  For valves, insulate up to 
and including the bonnets, valve stuffing-box studs, bolts, and nuts.  Fill joints, 
seams, and irregular surfaces with insulating cement. 

5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe.  Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker.  Fill joints, seams, and 
irregular surfaces with insulating cement.  Insulate strainers so strainer basket 
flange or plug can be easily removed and replaced without damaging the 
insulation and jacket.  Provide a removable reusable insulation cover.  For below-
ambient services, provide a design that maintains vapor barrier. 

6. Insulate flanges and unions using a section of oversized preformed pipe 
insulation.  Overlap adjoining pipe insulation by not less than two times the 
thickness of pipe insulation, or one pipe diameter, whichever is thicker. 

7. Cover segmented insulated surfaces with a layer of finishing cement and coat 
with a mastic.  Install vapor-barrier mastic for below-ambient services and a 
breather mastic for above-ambient services.  Reinforce the mastic with fabric-
reinforcing mesh.  Trowel the mastic to a smooth and well-shaped contour. 
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8. For services not specified to receive a field-applied jacket except for flexible 
elastomeric, install fitted PVC cover over elbows, tees, strainers, valves, flanges, 
and unions.  Terminate ends with PVC end caps.  Tape PVC covers to adjoining 
insulation facing using PVC tape. 

9. Stencil or label the outside insulation jacket of each union with the word "union."  
Match size and color of pipe labels. 

C. Insulate instrument connections for thermometers, pressure gages, pressure 
temperature taps, test connections, flow meters, sensors, switches, and transmitters on 
insulated pipes.  Shape insulation at these connections by tapering it to and around the 
connection with insulating cement and finish with finishing cement, mastic, and flashing 
sealant. 

3.6 INSTALLATION OF CELLULAR-GLASS INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of insulation to pipe with wire or bands and tighten bands 
without deforming insulation materials. 

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 
protrusions with vapor-barrier mastic and joint sealant. 

3. For insulation with factory-applied jackets on above-ambient services, secure 
laps with outward clinched staples at 6 inches o.c. 

4. For insulation with factory-applied jackets on below-ambient services, do not 
staple longitudinal tabs.  Instead, secure tabs with additional adhesive as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 

1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of cellular-
glass block insulation of same thickness as pipe insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap 
seams at least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install preformed sections of same material as straight segments of pipe 
insulation when available.  Secure according to manufacturer's written 
instructions. 

2. When preformed sections of insulation are not available, install mitered sections 
of cellular-glass insulation.  Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed sections of cellular-glass insulation to valve body. 
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2. Arrange insulation to permit access to packing and to allow valve operation 
without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 
3.7 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to 
eliminate openings in insulation that allow passage of air to surface being insulated. 

B. Insulation Installation on Pipe Flanges: 

1. Install pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of sheet 
insulation of same thickness as pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's recommended 
adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's recommended 

adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed valve covers manufactured of same material as pipe insulation 
when available. 

2. When preformed valve covers are not available, install cut sections of pipe and 
sheet insulation to valve body.  Arrange insulation to permit access to packing 
and to allow valve operation without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow passage of 
air to surface being insulated. 

3.8 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of preformed pipe insulation to pipe with wire or bands and 
tighten bands without deforming insulation materials. 

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 
protrusions with vapor-barrier mastic and joint sealant. 

3. For insulation with factory-applied jackets on above-ambient surfaces, secure 
laps with outward clinched staples at 6 inches o.c. 
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4. For insulation with factory-applied jackets on below-ambient surfaces, do not 
staple longitudinal tabs.  Instead, secure tabs with additional adhesive as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 

1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with mineral-fiber blanket 
insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap 
seams at least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install preformed sections of same material as straight segments of pipe 
insulation when available. 

2. When preformed insulation elbows and fittings are not available, install mitered 
sections of pipe insulation, to a thickness equal to adjoining pipe insulation.  
Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed sections of same material as straight segments of pipe 
insulation when available. 

2. When preformed sections are not available, install mitered sections of pipe 
insulation to valve body. 

3. Arrange insulation to permit access to packing and to allow valve operation 
without disturbing insulation. 

4. Install insulation to flanges as specified for flange insulation application. 
3.9 FIELD-APPLIED JACKET INSTALLATION 

A. Where glass-cloth jackets are indicated, install directly over bare insulation or 
insulation with factory-applied jackets. 

1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints. 
2. Embed glass cloth between two 0.062-inch- thick coats of lagging adhesive. 
3. Completely encapsulate insulation with coating, leaving no exposed insulation. 

B. Where FSK jackets are indicated, install as follows: 

1. Draw jacket material smooth and tight. 
2. Install lap or joint strips with same material as jacket. 
3. Secure jacket to insulation with manufacturer's recommended adhesive. 
4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch- wide joint 

strips at end joints. 
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5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed 
insulation with vapor-barrier mastic. 

C. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and 
end joints.  Seal with manufacturer's recommended adhesive. 

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap 
and the finish bead along seam and joint edge. 

D. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and 
end joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with 
weatherproof sealant recommended by insulation manufacturer.  Secure jacket with 
stainless-steel bands 12 inches o.c. and at end joints. 

3.10 FINISHES 

A. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual 
inspection of the completed Work. 

B. Do not field paint aluminum or stainless-steel jackets. 
3.11 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 

1. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by 
removing field-applied jacket and insulation in layers in reverse order of their 
installation.  Extent of inspection shall be limited to three locations of straight 
pipe, three locations of threaded fittings, three locations of welded fittings, two 
locations of threaded strainers, two locations of welded strainers, three locations 
of threaded valves, and three locations of flanged valves for each pipe service 
defined in the "Piping Insulation Schedule, General" Article. 

D. All insulation applications will be considered defective Work if sample inspection 
reveals noncompliance with requirements. 

3.12 PIPING INSULATION SCHEDULE, GENERAL 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are 
identified for each piping system and pipe size range.  If more than one material is 
listed for a piping system, selection from materials listed is Contractor's option. 

B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the 
following: 

1. Drainage piping located in crawl spaces. 
2. Underground piping. 
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury. 
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3.13 PIPING INSULATION SCHEDULE 

A. Domestic Cold Water:  

1. NPS 1-1/2 and Smaller:  Insulation shall be one of the following: 

a. Cellular Glass:  1 inch thick. 
b. Flexible Elastomeric:  1 inch thick. 
c. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 

B. Domestic Hot and Recirculated Hot Water:  

1. NPS 1-1/2 and Smaller:  Insulation shall be one of the following: (T < 140○ F) 

a. Cellular Glass:  1-1/2” inch thick. 
b. Flexible Elastomeric:  1-1/2” inch thick. 
c. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1-1/2” inch thick. 

 

C. Roof Drain Bodies and storm risers and horizontal offsets inside building: 

1. All Pipe Sizes:  Insulation shall be one of the following: 

a. Cellular Glass:  1 inch thick. 
b. Flexible Elastomeric:  1 inch thick. 
c. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 

D. All Sanitary waste and storm piping in garages or areas not heated.: 

1. All Pipe Sizes:  Insulation shall be one of the following: 

a. Cellular Glass:  1 inch thick. 
b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 

3.14 INDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.  For insulation with factory-applied jacket, install 
the field-applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Piping, Concealed: 

1. ASJ 

D. Piping, Exposed: 

1. All exposed sanitary, waste, storm, hot water cold water, and vent piping and 
fittings which are exposed to view in garages, public areas, (as well as insulated 
piping in equipment rooms), shall be completely covered with white Zeston 2000 
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PVC insulated piping and fitting covers.  Apply as per manufacturer with perma 
weld adhesive.  All labels and flow arrows shall be applied over PVC jacket 

END OF SECTION 220719 
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SECTION 221116 - DOMESTIC WATER PIPING 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Under-building slab and aboveground domestic water pipes, tubes, fittings, and 

specialties inside the building. 
2. Encasement for piping. 
3. Flexible connectors. 
4. Water meters. 
5. Escutcheons. 
6. Sleeves and sleeve seals. 

B. Related Section: 
1. Division 22 Section "Facility Water Distribution Piping" for water-service 

piping and water meters outside the building from source to the point where 
water-service piping enters the building. 

1.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  Domestic water piping and support and installation shall 
withstand effects of earthquake motions determined according to ASCE/SEI 7. 

1.4 SUBMITTALS 

A. Product Data:  For the following products: 
1. Transition fittings. 
2. Dielectric fittings. 
3. Flexible connectors. 
4. Water meters. 
5. Backflow preventers and vacuum breakers. 
6. Escutcheons. 
7. Sleeves and sleeve seals. 

B. Coordination Drawings:  For piping in equipment rooms and other congested areas, 
drawn to scale, on which the following items are shown and coordinated with each 
other, using input from Installers of the items involved: 
1. Fire-suppression-water piping. 
2. Domestic water piping. 
3. HVAC hydronic piping. 

1.5 QUALITY ASSURANCE 

A. Piping materials shall bear label, stamp, or other markings of specified testing agency. 

B. Comply with NSF 61 for potable domestic water piping and components. 
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PART 2 - PRODUCTS 
2.1 PIPING MATERIALS 

A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, 
fitting materials, and joining methods for specific services, service locations, and pipe 
sizes. 

2.2 COPPER TUBE AND FITTINGS 

A. Hard Copper Tube:  ASTM B 88, Type L water tube, drawn temper. 
1. Cast-Copper Solder-Joint Fittings:  ASME B16.18, pressure fittings. 
2. Wrought-Copper Solder-Joint Fittings:  ASME B16.22, wrought-copper pressure 

fittings. 
3. Bronze Flanges:  ASME B16.24, Class 150, with solder-joint ends. 
4. Copper Unions:  MSS SP-123, cast-copper-alloy, hexagonal-stock body, with 

ball-and-socket, metal-to-metal seating surfaces, and solder-joint or threaded 
ends. 

2.3 DUCTILE-IRON PIPE AND FITTINGS 

A. Mechanical-Joint, Ductile-Iron Pipe:  AWWA C151, with mechanical-joint bell and plain 
spigot end unless grooved or flanged ends are indicated. 
1. Standard-Pattern, Mechanical-Joint Fittings:  AWWA C110, ductile or gray iron. 

2.4 PIPING JOINING MATERIALS 

A. Pipe-Flange Gasket Materials:  AWWA C110, rubber, flat face, 1/8 inch thick or 
ASME B16.21, nonmetallic and asbestos free, unless otherwise indicated; full-face or 
ring type unless otherwise indicated. 

B. Metal, Pipe-Flange Bolts and Nuts:  ASME B18.2.1, carbon steel unless otherwise 
indicated. 

C. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux 
according to ASTM B 813. 

D. Brazing Filler Metals:  AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for 
general-duty brazing unless otherwise indicated. 

2.5 ENCASEMENT FOR PIPING 

A. Standard:  ASTM A 674 or AWWA C105. 

B. Form:  Sheet or Tube. 

C. Material:  LLDPE film of 0.008-inch minimum thickness or high-density, cross-
laminated PE film of 0.004-inch minimum thickness. 

D. Color:  Black or Natural. 
2.6 TRANSITION FITTINGS 

A. General Requirements: 
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1. Same size as pipes to be joined. 
2. Pressure rating at least equal to pipes to be joined. 
3. End connections compatible with pipes to be joined. 

B. Fitting-Type Transition Couplings:  Manufactured piping coupling or specified piping 
system fitting. 

C. Sleeve-Type Transition Coupling:  AWWA C219. 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Cascade Waterworks Manufacturing. 
b. Dresser, Inc.; Dresser Piping Specialties. 
c. Viking Johnson; c/o Mueller Co. 

D. Plastic-to-Metal Transition Fittings: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Charlotte Pipe and Foundry Company. 
b. Harvel Plastics, Inc. 
c. Spears Manufacturing Company. 

2. Description:  CPVC or PVC one-piece fitting with manufacturer's Schedule 80 
equivalent dimensions; one end with threaded brass insert and one solvent-
cement-socket or threaded end. 

E. Plastic-to-Metal Transition Unions: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Colonial Engineering, Inc. 
b. NIBCO INC. 
c. Spears Manufacturing Company. 

2. Description:  CPVC or PVC four-part union.  Include brass or stainless-steel 
threaded end, solvent-cement-joint or threaded plastic end, rubber O-ring, and 
union nut. 

2.7 DIELECTRIC FITTINGS 

A. General Requirements:  Assembly of copper alloy and ferrous materials or ferrous 
material body with separating nonconductive insulating material suitable for system 
fluid, pressure, and temperature. 

B. Dielectric Unions: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. EPCO Sales, Inc. 
b. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 
c. Zurn Plumbing Products Group; Wilkins Water Control Products. 

2. Description: 
a. Pressure Rating:  150 psig at 180 deg F. 
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b. End Connections:  Solder-joint copper alloy and threaded ferrous. 

C. Dielectric Flanges: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. EPCO Sales, Inc. 
b. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 
a. Factory-fabricated, bolted, companion-flange assembly. 
b. Pressure Rating:  175 psig minimum. 
c. End Connections:  Solder-joint copper alloy and threaded ferrous; threaded 

solder-joint copper alloy and threaded ferrous. 

D. Dielectric-Flange Kits: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Calpico, Inc. 
b. Central Plastics Company. 
c. Pipeline Seal and Insulator, Inc. 

2. Description: 
a. Nonconducting materials for field assembly of companion flanges. 
b. Pressure Rating:  150 psig. 
c. Gasket:  Neoprene or phenolic. 
d. Bolt Sleeves:  Phenolic or polyethylene. 
e. Washers:  Phenolic with steel backing washers. 

E. Dielectric Couplings: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Calpico, Inc. 
b. Lochinvar Corporation. 

2. Description: 
a. Galvanized-steel coupling. 
b. Pressure Rating:  300 psig at 225 deg F. 
c. End Connections:  Female threaded. 
d. Lining:  Inert and noncorrosive, thermoplastic. 

F. Dielectric Nipples: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Perfection Corporation; a subsidiary of American Meter Company. 
b. Precision Plumbing Products, Inc. 
c. Victaulic Company. 

2. Description: 
a. Electroplated steel nipple complying with ASTM F 1545. 
b. Pressure Rating:  300 psig at 225 deg F. 
c. End Connections:  Male threaded or grooved. 
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d. Lining:  Inert and noncorrosive, propylene. 
2.8 FLEXIBLE CONNECTORS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Flexicraft Industries. 
2. Hyspan Precision Products, Inc. 
3. Metraflex, Inc. 

B. Bronze-Hose Flexible Connectors:  Corrugated-bronze tubing with bronze wire-braid 
covering and ends brazed to inner tubing. 
1. Working-Pressure Rating:  Minimum 200 psig. 
2. End Connections NPS 2 and Smaller:  Threaded copper pipe or plain-end copper 

tube. 
3. End Connections NPS 2-1/2 and Larger:  Flanged copper alloy. 

C. Stainless-Steel-Hose Flexible Connectors:  Corrugated-stainless-steel tubing with 
stainless-steel wire-braid covering and ends welded to inner tubing. 
1. Working-Pressure Rating:  Minimum 200 psig. 
2. End Connections NPS 2 and Smaller:  Threaded steel-pipe nipple. 
3. End Connections NPS 2-1/2 and Larger:  Flanged steel nipple. 

2.9 ESCUTCHEONS 

A. General:  Manufactured ceiling, floor, and wall escutcheons and floor plates. 

B. One Piece, Cast Brass:  Polished, chrome-plated or rough-brass finish with setscrews. 

C. One Piece, Deep Pattern:  Deep-drawn, box-shaped brass with chrome-plated finish. 

D. One-Piece Floor Plates:  Cast-iron flange with holes for fasteners. 
2.10 SLEEVES 

A. Cast-Iron Wall Pipes:  Fabricated of cast iron, and equivalent to ductile-iron pressure 
pipe, with plain ends and integral waterstop unless otherwise indicated. 

B. Galvanized-Steel-Sheet Sleeves:  0.0239-inch minimum thickness; round tube closed 
with welded longitudinal joint. 

C. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  
Include clamping ring and bolts and nuts for membrane flashing. 
1. Underdeck Clamp:  Clamping ring with setscrews. 

2.11 SLEEVE SEALS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Advance Products & Systems, Inc. 
2. Metraflex, Inc. 
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3. Pipeline Seal and Insulator, Inc. 

B. Description:  Modular sealing element unit, designed for field assembly, used to fill 
annular space between pipe and sleeve. 
1. Sealing Elements:  EPDM-rubber interlocking links shaped to fit surface of pipe.  

Include type and number required for pipe material and size of pipe. 
2. Pressure Plates:  Stainless steel. 
3. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure 

plates to sealing elements. 
2.12 GROUT 

A. Standard:  ASTM C 1107, Grade B, post-hardening and volume-adjusting, dry, 
hydraulic-cement grout. 

B. Characteristics:  Nonshrink; recommended for interior and exterior applications. 

C. Design Mix:  5000-psi, 28-day compressive strength. 

D. Packaging:  Premixed and factory packaged. 

PART 3 - EXECUTION 
3.1 EARTHWORK 

A. Comply with requirements in Division 31 Section "Earth Moving" for excavating, 
trenching, and backfilling. 

3.2 PIPING INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
domestic water piping.  Indicated locations and arrangements are used to size pipe 
and calculate friction loss, expansion, and other design considerations.  Install piping 
as indicated unless deviations to layout are approved on Coordination Drawings. 

B. Install copper tubing under building slab according to CDA's "Copper Tube Handbook." 

C. Install ductile-iron piping under building slab with restrained joints according to 
AWWA C600 and AWWA M41. 

D. Install underground ductile-iron pipe in PE encasement according to ASTM A 674 or 
AWWA C105. 

E. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with 
valve, inside the building at each domestic water service entrance.  Comply with 
requirements in Division 22 Section "Meters and Gages for Plumbing Piping" for 
pressure gages and Division 22 Section "Domestic Water Piping Specialties" for drain 
valves and strainers. 

F. Install shutoff valve immediately upstream of each dielectric fitting. 
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G. Install domestic water piping level with 0.25 percent slope downward toward drain and 
plumb. 

H. Rough-in domestic water piping for water-meter installation according to utility 
company's requirements. 

I. Install seismic restraints on piping.  Comply with requirements in Division 22 Section 
"Vibration and Seismic Controls for Plumbing Piping and Equipment" for seismic-
restraint devices. 

J. Install piping concealed from view and protected from physical contact by building 
occupants unless otherwise indicated and except in equipment rooms and service 
areas. 

K. Install piping indicated to be exposed and piping in equipment rooms and service areas 
at right angles or parallel to building walls.  Diagonal runs are prohibited unless 
specifically indicated otherwise. 

L. Install piping above accessible ceilings to allow sufficient space for ceiling panel 
removal, and coordinate with other services occupying that space. 

M. Install piping adjacent to equipment and specialties to allow service and maintenance. 

N. Install piping to permit valve servicing. 

O. Install nipples, unions, special fittings, and valves with pressure ratings the same as or 
higher than system pressure rating used in applications below unless otherwise 
indicated. 

P. Install piping free of sags and bends. 

Q. Install fittings for changes in direction and branch connections. 

R. Install unions in copper tubing at final connection to each piece of equipment, machine, 
and specialty. 

S. Install pressure gages on suction and discharge piping from each plumbing pump and 
packaged booster pump.  Comply with requirements in Division 22 Section "Meters and 
Gages for Plumbing Piping" for pressure gages. 

T. Install thermostats in hot-water circulation piping.  Comply with requirements in 
Division 22 Section "Domestic Water Pumps" for thermostats. 

U. Install thermometers on inlet and outlet piping from each water heater.  Comply with 
requirements in Division 22 Section "Meters and Gages for Plumbing Piping" for 
thermometers. 

3.3 JOINT CONSTRUCTION 

A. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 
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B. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and 
fittings before assembly. 

C. Soldered Joints:  Apply ASTM B 813, water-flushable flux to end of tube.  Join copper 
tube and fittings according to ASTM B 828 or CDA's "Copper Tube Handbook." 

D. Flanged Joints:  Select appropriate asbestos-free, nonmetallic gasket material in size, 
type, and thickness suitable for domestic water service.  Join flanges with gasket and 
bolts according to ASME B31.9. 

E. Dissimilar-Material Piping Joints:  Make joints using adapters compatible with materials 
of both piping systems. 

3.4 VALVE INSTALLATION 

A. General-Duty Valves:  Comply with requirements in Division 22 Section "General-Duty 
Valves for Plumbing Piping" for valve installations. 

B. Install shutoff valve close to water main on each branch and riser serving plumbing 
fixtures or equipment, on each water supply to equipment, and on each water supply to 
plumbing fixtures that do not have supply stops.  Use ball or gate valves for piping 
NPS 2 and smaller.  Use butterfly or gate valves for piping NPS 2-1/2 and larger. 

C. Install drain valves for equipment at base of each water riser, at low points in horizontal 
piping, and where required to drain water piping.  Drain valves are specified in 
Division 22 Section "Domestic Water Piping Specialties." 
1. Hose-End Drain Valves:  At low points in water mains, risers, and branches. 
2. Stop-and-Waste Drain Valves:  Instead of hose-end drain valves where 

indicated. 

D. Install balancing valve in each hot-water circulation return branch and discharge side of 
each pump and circulator.  Set balancing valves partly open to restrict but not stop 
flow.  Use ball valves for piping NPS 2 and smaller and butterfly valves for piping 
NPS 2-1/2 and larger.  Comply with requirements in Division 22 Section "Domestic 
Water Piping Specialties" for balancing valves. 

E. Install calibrated balancing valves in each hot-water circulation return branch and 
discharge side of each pump and circulator.  Set calibrated balancing valves partly 
open to restrict but not stop flow.  Comply with requirements in Division 22 Section 
"Domestic Water Piping Specialties" for calibrated balancing valves. 

3.5 TRANSITION FITTING INSTALLATION 

A. Install transition couplings at joints of dissimilar piping. 

B. Transition Fittings in Underground Domestic Water Piping: 
1. NPS 1-1/2 and Smaller:  Fitting-type coupling. 
2. NPS 2 and Larger:  Sleeve-type coupling. 

C. Transition Fittings in Aboveground Domestic Water Piping NPS 2 and Smaller:  Plastic-
to-metal transition fittings unions. 
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3.6 DIELECTRIC FITTING INSTALLATION 

A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing. 

B. Dielectric Fittings for NPS 2 and Smaller:  Use dielectric couplings or nipples. 

C. Dielectric Fittings for NPS 2-1/2 to NPS 4:  Use dielectric flanges kits. 

D. Dielectric Fittings for NPS 5 and Larger:  Use dielectric flange kits. 
3.7 FLEXIBLE CONNECTOR INSTALLATION 

A. Install flexible connectors in suction and discharge piping connections to each 
domestic water pump and in suction and discharge manifold connections to each 
domestic water booster pump. 

B. Install bronze-hose flexible connectors in copper domestic water tubing. 

C. Install stainless-steel-hose flexible connectors in steel domestic water piping. 
3.8 WATER METER INSTALLATION 

A. Rough-in domestic water piping, and install water meters according to utility company's 
requirements. 

B. Install water meters according to AWWA M6, utility company's requirements, and the 
following: 

C. Install remote registration system according to standards of utility company and of 
authorities having jurisdiction. 

3.9 HANGER AND SUPPORT INSTALLATION 

A. Comply with requirements in Division 22 Section "Vibration and Seismic Controls for 
Plumbing Piping and Equipment" for seismic-restraint devices. 

B. Comply with requirements in Division 22 Section "Hangers and Supports for Plumbing 
Piping and Equipment" for pipe hanger and support products and installation. 
1. Vertical Piping:  MSS Type 8 or 42, clamps. 
2. Individual, Straight, Horizontal Piping Runs: 

a. 100 Feet and Less:  MSS Type 1, adjustable, steel clevis hangers. 
b. Longer Than 100 Feet:  MSS Type 43, adjustable roller hangers. 
c. Longer Than 100 Feet If Indicated:  MSS Type 49, spring cushion rolls. 

3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer:  MSS Type 44, 
pipe rolls.  Support pipe rolls on trapeze. 

4. Base of Vertical Piping:  MSS Type 52, spring hangers. 

C. Support vertical piping and tubing at base and at each floor. 

D. Rod diameter may be reduced one size for double-rod hangers, to a minimum of 
3/8 inch. 
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E. Install hangers for copper tubing with the following maximum horizontal spacing and 
minimum rod diameters: 
1. NPS 3/4 and Smaller:  60 inches with 3/8-inch rod. 
2. NPS 1 and NPS 1-1/4:  72 inches with 3/8-inch rod. 
3. NPS 1-1/2 and NPS 2:  96 inches with 3/8-inch rod. 
4. NPS 2-1/2:  108 inches with 1/2-inch rod. 
5. NPS 3 to NPS 5:  10 feet with 1/2-inch rod. 
6. NPS 6:  10 feet with 5/8-inch rod. 
7. NPS 8:  10 feet with 3/4-inch rod. 

F. Install supports for vertical copper tubing every 10 feet. 

G. Install hangers for steel piping with the following maximum horizontal spacing and 
minimum rod diameters: 
1. NPS 1-1/4 and Smaller:  84 inches with 3/8-inch rod. 
2. NPS 1-1/2:  108 inches with 3/8-inch rod. 
3. NPS 2:  10 feet with 3/8-inch rod. 
4. NPS 2-1/2:  11 feet with 1/2-inch rod. 
5. NPS 3 and NPS 3-1/2:  12 feet with 1/2-inch rod. 
6. NPS 4 and NPS 5:  12 feet with 5/8-inch rod. 
7. NPS 6:  12 feet with 3/4-inch rod. 
8. NPS 8 to NPS 12:  12 feet with 7/8-inch rod. 

H. Install supports for vertical steel piping every 15 feet. 

I. Support piping and tubing not listed in this article according to MSS SP-69 and 
manufacturer's written instructions. 

3.10 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to equipment and machines to allow service and maintenance. 

C. Connect domestic water piping to exterior water-service piping.  Use transition fitting to 
join dissimilar piping materials. 

D. Connect domestic water piping to water-service piping with shutoff valve; extend and 
connect to the following: 
1. Domestic Water Booster Pumps:  Cold-water suction and discharge piping. 
2. Water Heaters:  Cold-water inlet and hot-water outlet piping in sizes indicated, 

but not smaller than sizes of water heater connections. 
3. Plumbing Fixtures:  Cold- and hot-water supply piping in sizes indicated, but not 

smaller than required by plumbing code.  Comply with requirements in 
Division 22 plumbing fixture Sections for connection sizes. 

4. Equipment:  Cold- and hot-water supply piping as indicated, but not smaller than 
equipment connections.  Provide shutoff valve and union for each connection.  
Use flanges instead of unions for NPS 2-1/2 and larger. 

3.11 ESCUTCHEON INSTALLATION 

A. Install escutcheons for penetrations of walls, ceilings, and floors. 
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B. Escutcheons for New Piping: 
1. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep pattern. 
2. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One piece, cast 

brass with polished chrome-plated finish. 
3. Bare Piping at Ceiling Penetrations in Finished Spaces:  One piece, cast brass 

with polished chrome-plated finish. 
4. Bare Piping in Unfinished Service Spaces:  One piece, cast brass with polished 

chrome-plated finish. 
5. Bare Piping in Equipment Rooms:  One piece, cast brass. 
6. Bare Piping at Floor Penetrations in Equipment Rooms:  One-piece floor plate. 

3.12 SLEEVE INSTALLATION 

A. General Requirements:  Install sleeves for pipes and tubes passing through 
penetrations in floors, partitions, roofs, and walls. 

B. Sleeves are not required for core-drilled holes. 

C. Permanent sleeves are not required for holes formed by removable PE sleeves. 

D. Cut sleeves to length for mounting flush with both surfaces unless otherwise indicated. 

E. Install sleeves in new partitions, slabs, and walls as they are built. 

F. For interior wall penetrations, seal annular space between sleeve and pipe or pipe 
insulation using joint sealants appropriate for size, depth, and location of joint.  Comply 
with requirements in Division 07 Section "Joint Sealants" for joint sealants. 

G. For exterior wall penetrations above grade, seal annular space between sleeve and 
pipe using joint sealants appropriate for size, depth, and location of joint.  Comply with 
requirements in Division 07 Section "Joint Sealants" for joint sealants. 

H. For exterior wall penetrations below grade, seal annular space between sleeve and 
pipe using sleeve seals specified in this Section. 

I. Seal space outside of sleeves in concrete slabs and walls with grout. 

J. Install sleeves that are large enough to provide 1/4-inch annular clear space between 
sleeve and pipe or pipe insulation unless otherwise indicated. 

K. Install sleeve materials according to the following applications: 
1. Sleeves for Piping Passing through Concrete Floor Slabs:  Steel pipe. 
2. Sleeves for Piping Passing through Concrete Floor Slabs of Mechanical 

Equipment Areas or Other Wet Areas:  Steel pipe. 
a. Extend sleeves 2 inches above finished floor level. 
b. For pipes penetrating floors with membrane waterproofing, extend cast-iron 

sleeve fittings below floor slab as required to secure clamping ring if ring is 
specified.  Secure flashing between clamping flanges.  Install section of 
cast-iron soil pipe to extend sleeve to 2 inches above finished floor level.  
Comply with requirements in Division 07 Section "Sheet Metal Flashing and 
Trim" for flashing. 

3. Sleeves for Piping Passing through Gypsum-Board Partitions: 
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a. Steel pipe sleeves for pipes smaller than NPS 6. 
b. Galvanized-steel sheet sleeves for pipes NPS 6 and larger. 
c. Exception:  Sleeves are not required for water supply tubes and waste 

pipes for individual plumbing fixtures if escutcheons will cover openings. 
4. Sleeves for Piping Passing through Concrete Roof Slabs:  Steel pipe. 
5. Sleeves for Piping Passing through Exterior Concrete Walls: 

a. Steel pipe sleeves for pipes smaller than NPS 6. 
b. Cast-iron wall pipe sleeves for pipes NPS 6 and larger. 
c. Install sleeves that are large enough to provide 1-inch annular clear space 

between sleeve and pipe or pipe insulation when sleeve seals are used. 
d. Do not use sleeves when wall penetration systems are used. 

6. Sleeves for Piping Passing through Interior Concrete Walls: 
a. Steel pipe sleeves for pipes smaller than NPS 6. 
b. Galvanized-steel sheet sleeves for pipes NPS 6 and larger. 

L. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at pipe penetrations.  Seal pipe penetrations with firestop materials.  Comply 
with requirements in Division 07 Section "Penetration Firestopping" for firestop 
materials and installations. 

3.13 SLEEVE SEAL INSTALLATION 

A. Install sleeve seals in sleeves in exterior concrete walls at water-service piping entries 
into building. 

B. Select type and number of sealing elements required for pipe material and size.  
Position pipe in center of sleeve.  Assemble sleeve seal components and install in 
annular space between pipe and sleeve.  Tighten bolts against pressure plates that 
cause sealing elements to expand and make watertight seal. 

3.14 IDENTIFICATION 

A. Identify system components.  Comply with requirements in Division 22 Section 
"Identification for Plumbing Piping and Equipment" for identification materials and 
installation. 

B. Label pressure piping with system operating pressure. 
3.15 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Piping Inspections: 
1. Do not enclose, cover, or put piping into operation until it has been inspected and 

approved by authorities having jurisdiction. 
2. During installation, notify authorities having jurisdiction at least one day before 

inspection must be made.  Perform tests specified below in presence of 
authorities having jurisdiction: 
a. Roughing-in Inspection:  Arrange for inspection of piping before concealing 

or closing-in after roughing-in and before setting fixtures. 
b. Final Inspection:  Arrange final inspection for authorities having jurisdiction 

to observe tests specified below and to ensure compliance with 
requirements. 
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3. Reinspection:  If authorities having jurisdiction find that piping will not pass tests 
or inspections, make required corrections and arrange for reinspection. 

4. Reports:  Prepare inspection reports and have them signed by authorities having 
jurisdiction. 

C. Piping Tests: 
1. Fill domestic water piping.  Check components to determine that they are not air 

bound and that piping is full of water. 
2. Test for leaks and defects in new piping and parts of existing piping that have 

been altered, extended, or repaired.  If testing is performed in segments, submit 
a separate report for each test, complete with diagram of portion of piping tested. 

3. Leave new, altered, extended, or replaced domestic water piping uncovered and 
unconcealed until it has been tested and approved.  Expose work that was 
covered or concealed before it was tested. 

4. Cap and subject piping to static water pressure of 50 psig above operating 
pressure, without exceeding pressure rating of piping system materials.  Isolate 
test source and allow to stand for four hours.  Leaks and loss in test pressure 
constitute defects that must be repaired. 

5. Repair leaks and defects with new materials and retest piping or portion thereof 
until satisfactory results are obtained. 

6. Prepare reports for tests and for corrective action required. 

D. Domestic water piping will be considered defective if it does not pass tests and 
inspections. 

E. Prepare test and inspection reports. 
3.16 ADJUSTING 

A. Perform the following adjustments before operation: 
1. Close drain valves, hydrants, and hose bibbs. 
2. Open shutoff valves to fully open position. 
3. Open throttling valves to proper setting. 
4. Adjust balancing valves in hot-water-circulation return piping to provide adequate 

flow. 
a. Manually adjust ball-type balancing valves in hot-water-circulation return 

piping to provide flow of hot water in each branch. 
b. Adjust calibrated balancing valves to flows indicated. 

5. Remove plugs used during testing of piping and for temporary sealing of piping 
during installation. 

6. Remove and clean strainer screens.  Close drain valves and replace drain plugs. 
7. Remove filter cartridges from housings and verify that cartridges are as specified 

for application where used and are clean and ready for use. 
8. Check plumbing specialties and verify proper settings, adjustments, and 

operation. 
3.17 CLEANING 

A. Clean and disinfect potable and non-potable domestic water piping as follows: 
1. Purge new piping and parts of existing piping that have been altered, extended, 

or repaired before using. 
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2. Use purging and disinfecting procedures prescribed by authorities having 
jurisdiction; if methods are not prescribed, use procedures described in either 
AWWA C651 or AWWA C652 or follow procedures described below: 
a. Flush piping system with clean, potable water until dirty water does not 

appear at outlets. 
b. Fill and isolate system according to either of the following: 

1) Fill system or part thereof with water/chlorine solution with at least 50 
ppm of chlorine.  Isolate with valves and allow to stand for 24 hours. 

2) Fill system or part thereof with water/chlorine solution with at least 
200 ppm of chlorine.  Isolate and allow to stand for three hours. 

c. Flush system with clean, potable water until no chlorine is in water coming 
from system after the standing time. 

d. Submit water samples shall be sent to a NYS DOH approved lab with the 
results sent to the A/E of record for review and approval.   

B. Prepare and submit reports of purging and disinfecting activities. 

C. Clean interior of domestic water piping system.  Remove dirt and debris as work 
progresses. 

3.18 PIPING SCHEDULE 

A. Transition and special fittings with pressure ratings at least equal to piping rating may 
be used in applications below unless otherwise indicated. 

B. Flanges and unions may be used for aboveground piping joints unless otherwise 
indicated. 

C. Under-building-slab, domestic water, building-service piping, NPS 4 to NPS 8 and 
larger, shall be the following: 
1. Mechanical-joint, ductile-iron pipe; standard- pattern mechanical-joint fittings; and 

mechanical joints. 

D. Under-building-slab, domestic water piping, NPS 2 and smaller, shall be the following: 
1.  copper tube, ASTM B 88, Type K without joints. 

E. Aboveground domestic water piping, NPS 3 and smaller, shall be the following: 
1. Hard copper tube, ASTM B 88, Type L; cast- or wrought- copper solder-joint 

fittings; and soldered joints. 

F. Aboveground domestic water piping, NPS 3" and larger, shall be one of the following: 
1. Hard copper tube, ASTM B 88, Type L; cast- or wrought- copper solder-joint 

fittings; and soldered joints. 
3.19 VALVE SCHEDULE 

A. Drawings indicate valve types to be used.  Where specific valve types are not 
indicated, the following requirements apply: 
1. Shutoff Duty:  Use ball or gate valves for piping NPS 2 and smaller.  Use 

butterfly, ball, or gate valves with flanged ends for piping NPS 2-1/2 and larger. 
2. Throttling Duty:  Use ball or globe valves for piping NPS 2 and smaller.  Use 

butterfly or ball valves with flanged ends for piping NPS 2-1/2 and larger. 
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3. Hot-Water Circulation Piping, Balancing Duty:  Calibrated Memory-stop balancing 
valves. 

4. Drain Duty:  Hose-end drain valves. 

B. Use check valves to maintain correct direction of domestic water flow to and from 
equipment. 

C. Iron grooved-end valves may be used with grooved-end piping. 

D. Valves matching piping materials may be used. 

END OF SECTION 221116 
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SECTION 221119 - DOMESTIC WATER PIPING SPECIALTIES 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section includes the following domestic water piping specialties: 
1. Vacuum breakers. 
2. Backflow preventers. 
3. Water pressure-reducing valves. 
4. Balancing valves. 
5. Temperature-actuated water mixing valves. 
6. Strainers. 
7. Outlet boxes. 
8. Hose stations. 
9. Hose bibbs. 
10. Wall hydrants. 
11. Drain valves. 
12. Water hammer arresters. 
13. Air vents. 
14. Trap-seal primer valves. 
15. Trap-seal primer systems. 

B. Related Sections include the following: 
1. Division 22 Section "Meters and Gages for Plumbing Piping" for thermometers, 

pressure gages, and flow meters in domestic water piping. 
2. Division 22 Section "Domestic Water Piping" for water meters. 
3. Division 22 Section "Domestic Water Filtration Equipment" for water filters in 

domestic water piping. 
4. Division 22 Section "Healthcare Plumbing Fixtures" for thermostatic mixing 

valves for sitz baths, thermostatic mixing-valve assemblies for hydrotherapy 
equipment, and outlet boxes for dialysis equipment. 

5. Division 22 Section "Emergency Plumbing Fixtures" for water tempering 
equipment. 

6. Division 22 Section "Drinking Fountains and Water Coolers" for water filters for 
water coolers. 

1.3 PERFORMANCE REQUIREMENTS 

A. Minimum Working Pressure for Domestic Water Piping Specialties:  125 psig, unless 
otherwise indicated. 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings:  Diagram power, signal, and control wiring. 
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C. Field quality-control test reports. 

D. Operation and Maintenance Data:  For domestic water piping specialties to include in 
emergency, operation, and maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 

B. NSF Compliance: 
1. Comply with NSF 14, "Plastics Piping Components and Related Materials," for 

plastic domestic water piping components. 
2. Comply with NSF 61, "Drinking Water System Components - Health Effects; 

Sections 1 through 9." 
PART 2 - PRODUCTS 
2.1 VACUUM BREAKERS 

A. Pipe-Applied, Atmospheric-Type Vacuum Breakers: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Ames Co. 
b. Cash Acme. 
c. Conbraco Industries, Inc. 
d. FEBCO; SPX Valves & Controls. 
e. Rain Bird Corporation. 
f. Toro Company (The); Irrigation Div. 
g. Watts Industries, Inc.; Water Products Div. 
h. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard:  ASSE 1001. 
3. Size:  NPS 1/4 to NPS 3, as required to match connected piping. 
4. Body:  Bronze. 
5. Inlet and Outlet Connections:  Threaded. 
6. Finish:  Rough bronze. 

B. Hose-Connection Vacuum Breakers: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Arrowhead Brass Products, Inc. 
b. Cash Acme. 
c. Conbraco Industries, Inc. 
d. Legend Valve. 
e. MIFAB, Inc. 
f. Prier Products, Inc. 
g. Watts Industries, Inc.; Water Products Div. 
h. Woodford Manufacturing Company. 
i. Zurn Plumbing Products Group; Light Commercial Operation. 
j. Zurn Plumbing Products Group; Wilkins Div. 
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2. Standard:  ASSE 1011. 
3. Body:  Bronze, nonremovable, with manual drain. 
4. Outlet Connection:  Garden-hose threaded complying with ASME B1.20.7. 
5. Finish:  Chrome or nickel plated. 

C. Pressure Vacuum Breakers: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Ames Co. 
b. Conbraco Industries, Inc. 
c. FEBCO; SPX Valves & Controls. 
d. Flomatic Corporation. 
e. Toro Company (The); Irrigation Div. 
f. Watts Industries, Inc.; Water Products Div. 
g. Zurn Plumbing Products Group; Wilkins Div. 

D. Laboratory-Faucet Vacuum Breakers: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Conbraco Industries, Inc. 
b. Watts Industries, Inc.; Water Products Div. 
c. Woodford Manufacturing Company. 
d. Zurn Plumbing Products Group; Wilkins Div. 
e.  

2. Standard:  ASSE 1035. 
3. Size:  NPS 1/4 or NPS 3/8 matching faucet size. 
4. Body:  Bronze. 
5. End Connections:  Threaded. 
6. Finish:  Chrome plated. 

E. Spill-Resistant Vacuum Breakers: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Conbraco Industries, Inc. 
b. Watts Industries, Inc.; Water Products Div. 
c.  

2. Standard:  ASSE 1056. 
3. Operation:  Continuous-pressure applications. 
4. Accessories: 

a. Valves:  Ball type, on inlet and outlet. 
2.2 BACKFLOW PREVENTERS 

A. Intermediate Atmospheric-Vent Backflow Preventers: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Cash Acme. 
b. Conbraco Industries, Inc. 
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c. FEBCO; SPX Valves & Controls. 
d. Honeywell Water Controls. 
e. Legend Valve. 
f. Watts Industries, Inc.; Water Products Div. 
g. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard:  ASSE 1012. 
3. Operation:  Continuous-pressure applications. 
4. Size:  NPS ½ or NPS 3/4. 
5. Body:  Bronze. 
6. End Connections:  Union, solder joint. 
7. Finish:  Chrome plated. 

B. Reduced-Pressure-Principle Backflow Preventers: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Ames Co. 
b. Conbraco Industries, Inc. 
c. FEBCO; SPX Valves & Controls. 
d. Flomatic Corporation. 
e. Watts Industries, Inc.; Water Products Div. 
f. Zurn Plumbing Products Group; Wilkins Div. 

C. Double-Check Backflow-Prevention Assemblies: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Ames Co. 
b. Conbraco Industries, Inc. 
c. FEBCO; SPX Valves & Controls. 
d. Flomatic Corporation. 
e. Watts Industries, Inc.; Water Products Div. 
f. Zurn Plumbing Products Group; Wilkins Div. 

D. Beverage-Dispensing-Equipment Backflow Preventers: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Conbraco Industries, Inc. 
b. Watts Industries, Inc.; Water Products Div. 
c. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard:  ASSE 1022. 
3. Operation:  Continuous-pressure applications. 
4. Size:  NPS 1/4 or NPS 3/8. 
5. Body:  Stainless steel. 
6. End Connections:  Threaded. 

E. Carbonated-Beverage-Dispenser, Dual-Check-Valve Backflow Preventers: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Cash Acme. 
b. Lancer Corporation. 
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c. Watts Industries, Inc.; Water Products Div. 
2. Standard:  ASSE 1032. 
3. Operation:  Continuous-pressure applications. 
4. Size:  NPS 1/4 or NPS 3/8. 
5. Body:  Stainless steel. 
6. End Connections:  Threaded. 

F. Reduced-Pressure-Detector, Fire-Protection Backflow-Preventer Assemblies: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Ames Co. 
b. Conbraco Industries, Inc. 
c. FEBCO; SPX Valves & Controls. 
d. Watts Industries, Inc.; Water Products Div. 
e. Zurn Plumbing Products Group; Wilkins Div. 

G. Double-Check, Detector-Assembly Backflow Preventers: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Ames Co. 
b. Conbraco Industries, Inc. 
c. FEBCO; SPX Valves & Controls. 
d. Watts Industries, Inc.; Water Products Div. 
e. Zurn Plumbing Products Group; Wilkins Div. 

H. Hose-Connection Backflow Preventers: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Conbraco Industries, Inc. 
b. Watts Industries, Inc.; Water Products Div. 
c. Woodford Manufacturing Company. 

2. Standard:  ASSE 1052. 
3. Operation:  Up to 10-foot head of water back pressure. 
4. Inlet Size:  NPS 1/2 or NPS 3/4. 
5. Outlet Size:  Garden-hose thread complying with ASME B1.20.7. 
6. Capacity:  At least 3-gpm flow. 

2.3 WATER PRESSURE-REDUCING VALVES 

A. Water Regulators: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Cash Acme. 
b. Conbraco Industries, Inc. 
c. Honeywell Water Controls. 
d. Watts Industries, Inc.; Water Products Div. 
e. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard:  ASSE 1003. 
3. Pressure Rating:  Initial working pressure of 150 psig. 
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4. Size:  As indicated on drawings.  
5. Design Flow Rate:  As indicated on drawings. 
6. Design Inlet Pressure:  As indicated on drawings. 
7. Design Outlet Pressure Setting: As indicated on drawings.   
8. Body:  Bronze with chrome-plated finish for NPS 2 and smaller; cast iron with 

interior lining complying with AWWA C550 or that is FDA approved for NPS 2-1/2 
and NPS 3. 

9. Valves for Booster Heater Water Supply:  Include integral bypass. 
10. End Connections:  Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and 

NPS 3. 

B. Water Control Valves: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. CLA-VAL Automatic Control Valves. 
b. Flomatic Corporation. 
c. OCV Control Valves. 
d. Watts Industries, Inc.; Ames Fluid Control Systems. 
e. Watts Industries, Inc.; Watts ACV. 
f. Zurn Plumbing Products Group; Wilkins Div. 

2.4 BALANCING VALVES 

A. Memory-Stop Balancing Valves: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Conbraco Industries, Inc. 
b. Crane Co.; Crane Valve Group; Crane Valves. 
c. Crane Co.; Crane Valve Group; Jenkins Valves. 
d. Crane Co.; Crane Valve Group; Stockham Div. 
e. Hammond Valve. 
f. Milwaukee Valve Company. 
g. NIBCO INC. 
h. Red-White Valve Corp. 

2. Standard:  MSS SP-110 for two-piece, copper-alloy ball valves. 
3. Pressure Rating:  400-psig minimum CWP. 
4. Size:  NPS 2 or smaller. 
5. Body:  Copper alloy. 
6. Port:  Standard or full port. 
7. Ball:  Chrome-plated brass. 
8. Seats and Seals:  Replaceable. 
9. End Connections:  Solder joint or threaded. 
10. Handle:  Vinyl-covered steel with memory-setting device. 

2.5 TEMPERATURE-ACTUATED WATER MIXING VALVES 

A. Water-Temperature Limiting Devices: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Armstrong International, Inc. 
b. Cash Acme. 
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c. Conbraco Industries, Inc. 
d. Honeywell Water Controls. 
e. Legend Valve. 
f. Leonard Valve Company. 
g. Powers; a Watts Industries Co. 
h. Symmons Industries, Inc. 
i. Taco, Inc. 
j. Watts Industries, Inc.; Water Products Div. 
k. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard:  ASSE 1017. 
3. Pressure Rating:  125 psig. 
4. Type:  Thermostatically controlled water mixing valve. 
5. Material:  Bronze body with corrosion-resistant interior components. 
6. Connections:  Threaded or union inlets and outlet. 
7. Accessories:  Check stops on hot- and cold-water supplies, and adjustable, 

temperature-control handle. 

B. Primary, Thermostatic, Water Mixing Valves: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Armstrong International, Inc. 
b. Lawler Manufacturing Company, Inc. 
c. Leonard Valve Company. 
d. Powers; a Watts Industries Co. 
e. Symmons Industries, Inc. 

2. Standard:  ASSE 1017. 
3. Pressure Rating:  125 psig. 
4. Type:  Exposed-mounting or Cabinet-type, thermostatically controlled water 

mixing valve. 
5. Material:  Bronze body with corrosion-resistant interior components. 
6. Connections:  Threaded or union inlets and outlet. 
7. Accessories:  Manual temperature control, check stops on hot- and cold-water 

supplies, and adjustable, temperature-control handle. 
8. Valve Pressure Rating:  125 psig minimum, unless otherwise indicated. 
9. Selected Valve Flow Rate at 45-psig Pressure Drop:   
10. Pressure Drop at Design Flow Rate:   
11. Cabinet:  Factory-fabricated, stainless steel, for recessed or surface mounting 

and with hinged, stainless-steel door. 

C. Manifold, Thermostatic, Water-Mixing-Valve Assemblies: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Leonard Valve Company. 
b. Powers; a Watts Industries Co. 
c. Symmons Industries, Inc. 

2. Description:  Factory-fabricated, cabinet-type or exposed-mounting, 
thermostatically controlled, water-mixing-valve assembly in two or three-valve 
parallel arrangement. 

3. Large-Flow Parallel:  Thermostatic water mixing valve and downstream pressure 
regulator with pressure gages on inlet and outlet. 
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4. Intermediate-Flow Parallel:  Thermostatic water mixing valve and downstream 
pressure regulator with pressure gages on inlet and outlet. 

5. Small-Flow Parallel:  Thermostatic water mixing valve. 
6. Thermostatic Mixing Valves:  Comply with ASSE 1017.  Include check stops on 

hot- and cold-water inlets and shutoff valve on outlet. 
7. Water Regulator(s):  Comply with ASSE 1003.  Include pressure gage on inlet 

and outlet. 
8. Component Pressure Ratings:  125 psig minimum, unless otherwise indicated. 
9. Cabinet:  Factory-fabricated, stainless steel, for [recessed][surface] mounting 

and with hinged, stainless-steel door. 

D. Individual-Fixture, Water Tempering Valves: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Cash Acme. 
b. Conbraco Industries, Inc. 
c. Honeywell Water Controls. 
d. Lawler Manufacturing Company, Inc. 
e. Leonard Valve Company. 
f. Powers; a Watts Industries Co. 
g. Watts Industries, Inc.; Water Products Div. 
h. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard:  ASSE 1016, thermostatically controlled water tempering valve. 
3. Pressure Rating:  125 psig minimum, unless otherwise indicated. 
4. Body:  Bronze body with corrosion-resistant interior components. 
5. Temperature Control:  Adjustable. 
6. Inlets and Outlet:  Threaded. 
7. Finish:  Rough or chrome-plated bronze. 

E. Primary Water Tempering Valves: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Heat-Timer Corporation. 
b. Holby Valve Co., Inc. 

2. Standard:  ASSE 1017, thermostatically controlled tempering valve, listed as 
tempering valve. 

3. Pressure Rating:  125 psig minimum, unless otherwise indicated. 
4. Body:  Bronze. 
5. Temperature Control:  Manual. 
6. Inlets and Outlet:  Threaded. 

2.6 STRAINERS FOR DOMESTIC WATER PIPING 

A. Y-Pattern Strainers: 
1. Pressure Rating:  125 psig minimum, unless otherwise indicated. 
2. Body:  Bronze for NPS 2 and smaller; cast iron for NPS 2-1/2 and larger. 
3. End Connections:  Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and 

larger. 
4. Screen:  Stainless steel with round perforations, unless otherwise indicated. 
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5. Perforation Size: 
a. Strainers NPS 2 and Smaller:  0.020 inch. 
b. Strainers NPS 2-1/2 to NPS 4:  0.045 inch. 
c. Strainers NPS 5 and Larger:  0.10 inch. 

6. Drain:  Factory-installed, hose-end drain valve. 
2.7 OUTLET BOXES 

A. Clothes Washer Outlet Boxes: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Acorn Engineering Company. 
b. Guy Gray Manufacturing Co., Inc. 
c. IPS Corporation. 
d. LSP Products Group, Inc. 
e. Oatey. 
f. Plastic Oddities; a division of Diverse Corporate Technologies. 
g. Symmons Industries, Inc. 
h. Watts Industries, Inc.; Water Products Div. 
i. Whitehall Manufacturing; a div. of Acorn Engineering Company. 
j. Zurn Plumbing Products Group; Light Commercial Operation. 

2. Mounting:  Recessed. 
3. Material and Finish:  Stainless-steel box and faceplate. 
4. Faucet:  Combination, valved fitting or separate hot- and cold-water, valved 

fittings complying with ASME A112.18.1.  Include garden-hose thread complying 
with ASME B1.20.7 on outlets. 

5. Supply Shutoff Fittings:  NPS 1/2 gate, globe, or ball valves and NPS 1/2 copper, 
water tubing. 

6. Drain:  NPS 1-1/2 standpipe and P-trap for direct waste connection to drainage 
piping. 

7. Inlet Hoses:  Two 60-inch long, rubber household clothes washer inlet hoses with 
female, garden-hose-thread couplings.  Include rubber washers. 

8. Drain Hose:  One 48-inch long, rubber household clothes washer drain hose with 
hooked end. 

B. Icemaker Outlet Boxes: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Acorn Engineering Company. 
b. IPS Corporation. 
c. LSP Products Group, Inc. 
d. Oatey. 
e. Plastic Oddities; a division of Diverse Corporate Technologies. 

2. Mounting:  Recessed. 
3. Material and Finish:  Stainless-steel box and faceplate. 
4. Faucet:  Valved fitting complying with ASME A112.18.1.  Include NPS 1/2 or 

smaller copper tube outlet. 
5. Supply Shutoff Fitting:  NPS 1/2 gate, globe, or ball valve and NPS 1/2 copper, 

water tubing. 
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2.8 HOSE STATIONS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. ARCHON Industries, Inc. 
2. Armstrong International, Inc. 
3. Cooney Brothers, Inc. 
4. DynaFluid Ltd. 
5. Leonard Valve Company. 
6. Strahman Valves, Inc. 
7. T & S Brass and Bronze Works, Inc. 

B. Single-Temperature-Water Hose Stations: 
1. Standard:  ASME A112.18.1. 
2. Cabinet:  Stainless-steel enclosure with exposed valve handle, hose connection, 

and hose rack.  Include thermometer in front. 
3. Hose-Rack Material:  Stainless steel. 
4. Body Material:  Bronze with stainless-steel wetted parts. 
5. Body Finish:  Rough bronze. 
6. Mounting:  Wall, with reinforcement. 
7. Supply Fitting:  NPS 3/4 gate, globe, or ball valve and check valve and NPS 3/4  

copper, water tubing.  Omit check valve if check stop is included with fitting. 
8. Hose:  Manufacturer's standard, for service fluid, temperature, and pressure; 25 

feet long. 
9. Nozzle:  With hand squeeze on-off control. 
10. Vacuum Breaker:  Integral or factory-installed, nonremovable, manual-drain-type, 

hose-connection vacuum breaker complying with ASSE 1011 or backflow 
preventer complying with ASSE 1052; and garden-hose thread complying with 
ASME B1.20.7 on outlet. 

C. Hot- and Cold-Water Hose Stations: 
1. Standard:  ASME A112.18.1. 
2. Type Faucet:  Thermostatic mixing valve. 
3. Cabinet:  Stainless-steel enclosure with exposed valve handles, hose 

connection, and hose rack.  Include thermometer in front. 
4. Hose-Rack Material:  Stainless steel. 
5. Body Material:  Bronze with stainless-steel wetted parts. 
6. Body Finish:  Rough bronze. 
7. Mounting:  Wall, with reinforcement. 
8. Supply Fittings:  Two NPS 3/4 gate, globe, or ball valves and check valves and 

NPS 3/4  copper, water tubing.  Omit check valves if check stops are included 
with fitting. 

9. Hose:  Manufacturer's standard, for service fluid, temperature, and pressure; 50 
feet long. 

10. Nozzle:  With hand squeeze on-off control. 
11. Vacuum Breaker:  Integral or factory-installed, nonremovable, manual-drain-type, 

hose-connection vacuum breaker complying with ASSE 1011 or backflow 
preventer complying with ASSE 1052; and garden-hose thread complying with 
ASME B1.20.7 on outlet. 
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2.9 HOSE BIBBS 

A. Hose Bibbs: 
1. Standard:  ASME A112.18.1 for sediment faucets. 
2. Body Material:  Bronze. 
3. Seat:  Bronze, replaceable. 
4. Supply Connections:  NPS 1/2 or NPS 3/4 threaded or solder-joint inlet. 
5. Outlet Connection:  Garden-hose thread complying with ASME B1.20.7. 
6. Pressure Rating:  125 psig. 
7. Vacuum Breaker:  Integral nonremovable, drainable, hose-connection vacuum 

breaker complying with ASSE 1011. 
8. Finish for Equipment Rooms:  Rough bronze, or chrome or nickel plated. 
9. Finish for Service Areas:  Rough bronze. 
10. Finish for Finished Rooms:  Chrome or nickel plated. 
11. Operation for Equipment Rooms:  Wheel handle or operating key. 
12. Operation for Service Areas:  Operating key. 
13. Operation for Finished Rooms:  Operating key. 
14. Include operating key with each operating-key hose bibb. 
15. Include integral wall flange with each chrome- or nickel-plated hose bibb. 

2.10 WALL HYDRANTS 

A. Nonfreeze Wall Hydrants: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Josam Company. 
b. MIFAB, Inc. 
c. Prier Products, Inc. 
d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
e. Tyler Pipe; Wade Div. 
f. Watts Drainage Products Inc. 
g. Woodford Manufacturing Company. 
h. Zurn Plumbing Products Group; Light Commercial Operation. 
i. Zurn Plumbing Products Group; Specification Drainage Operation. 

B. Nonfreeze, Hot- and Cold-Water Wall Hydrants: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Josam Company. 
b. Prier Products, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
d. Tyler Pipe; Wade Div. 
e. Watts Drainage Products Inc. 
f. Woodford Manufacturing Company. 
g. Zurn Plumbing Products Group; Specification Drainage Operation. 

C. Vacuum Breaker Wall Hydrants: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Arrowhead Brass Products, Inc. 
b. Mansfield Plumbing Products LLC. 
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c. McDonald, A. Y. Mfg. Co. 
d. Prier Products, Inc. 
e. Smith, Jay. R. Mfg. Co.; Division of Smith Industries, Inc. 
f. Watts Industries, Inc.; Water Products Div. 
g. Woodford Manufacturing Company. 
h. Zurn Plumbing Products Group; Light Commercial Operation. 

2.11 DRAIN VALVES 

A. Ball-Valve-Type, Hose-End Drain Valves: 
1. Standard:  MSS SP-110 for standard-port, two-piece ball valves. 
2. Pressure Rating:  400-psig minimum CWP. 
3. Size:  NPS 3/4. 
4. Body:  Copper alloy. 
5. Ball:  Chrome-plated brass. 
6. Seats and Seals:  Replaceable. 
7. Handle:  Vinyl-covered steel. 
8. Inlet:  Threaded or solder joint. 
9. Outlet:  Threaded, short nipple with garden-hose thread complying with ASME 

B1.20.7 and cap with brass chain. 

B. Gate-Valve-Type, Hose-End Drain Valves: 
1. Standard:  MSS SP-80 for gate valves. 
2. Pressure Rating:  Class 125. 
3. Size:  NPS 3/4. 
4. Body:  ASTM B 62 bronze. 
5. Inlet:  NPS 3/4 threaded or solder joint. 
6. Outlet:  Garden-hose thread complying with ASME B1.20.7 and cap with brass 

chain. 

C. Stop-and-Waste Drain Valves: 
1. Standard:  MSS SP-110 for ball valves or MSS SP-80 for gate valves. 
2. Pressure Rating:  200-psig minimum CWP or Class 125. 
3. Size:  NPS 3/4. 
4. Body:  Copper alloy or ASTM B 62 bronze. 
5. Drain:  NPS 1/8 side outlet with cap. 

2.12 WATER HAMMER ARRESTERS 

A. Water Hammer Arresters: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. AMTROL, Inc. 
b. Josam Company. 
c. MIFAB, Inc. 
d. PPP Inc. 
e. Sioux Chief Manufacturing Company, Inc. 
f. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
g. Tyler Pipe; Wade Div. 
h. Watts Drainage Products Inc. 
i. Zurn Plumbing Products Group; Specification Drainage Operation. 
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2.13 AIR VENTS 

A. Bolted-Construction Automatic Air Vents: 
1. Body:  Bronze. 
2. Pressure Rating:  125-psig minimum pressure rating at 140 deg F. 
3. Float:  Replaceable, corrosion-resistant metal. 
4. Mechanism and Seat:  Stainless steel. 
5. Size:  NPS 1/2 minimum inlet. 
6. Inlet and Vent Outlet End Connections:  Threaded. 

B. Welded-Construction Automatic Air Vents: 
1. Body:  Stainless steel. 
2. Pressure Rating:  150-psig minimum pressure rating. 
3. Float:  Replaceable, corrosion-resistant metal. 
4. Mechanism and Seat:  Stainless steel. 
5. Size:  NPS 3/8 minimum inlet. 
6. Inlet and Vent Outlet End Connections:  Threaded. 

2.14 TRAP-SEAL PRIMER VALVES 

A. Supply-Type, Trap-Seal Primer Valves: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. MIFAB, Inc. 
b. PPP Inc. 
c. Sioux Chief Manufacturing Company, Inc. 
d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
e. Watts Industries, Inc.; Water Products Div. 

2. Standard:  ASSE 1018. 
3. Pressure Rating:  125 psig minimum. 
4. Body:  Bronze. 
5. Inlet and Outlet Connections:  NPS 1/2 threaded, union, or solder joint. 
6. Gravity Drain Outlet Connection:  NPS 1/2 threaded or solder joint. 
7. Finish:  Chrome plated, or rough bronze for units used with pipe or tube that is 

not chrome finished. 

B. Drainage-Type, Trap-Seal Primer Valves: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

2. Standard:  ASSE 1044, lavatory P-trap with NPS 3/8 minimum, trap makeup 
connection. 

3. Size:  NPS 1-1/4 minimum. 
4. Material:  Chrome-plated, cast brass. 

2.15 TRAP-SEAL PRIMER SYSTEMS 

A. Trap-Seal Primer Systems: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. PPP Inc. 
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PART 3 - EXECUTION 
3.1 INSTALLATION 

A. Refer to Division 22 Section "Common Work Results for Plumbing" for piping joining 
materials, joint construction, and basic installation requirements. 

B. Install backflow preventers in each water supply to mechanical equipment and systems 
and to other equipment and water systems that may be sources of contamination.  
Comply with authorities having jurisdiction. 
1. Locate backflow preventers in same room as connected equipment or system. 
2. Install drain for backflow preventers with atmospheric-vent drain connection with 

air-gap fitting, fixed air-gap fitting, or equivalent positive pipe separation of at 
least two pipe diameters in drain piping and pipe to floor drain.  Locate air-gap 
device attached to or under backflow preventer.  Simple air breaks are not 
acceptable for this application. 

3. Do not install bypass piping around backflow preventers. 

C. Install water regulators with inlet and outlet shutoff valves and bypass with memory-
stop balancing valve.  Install pressure gages on inlet and outlet. 

D. Install water control valves with inlet and outlet shutoff valves and bypass with globe 
valve.  Install pressure gages on inlet and outlet. 

E. Install balancing valves in locations where they can easily be adjusted. 

F. Install temperature-actuated water mixing valves with check stops or shutoff valves on 
inlets and with shutoff valve on outlet. 
1. Install thermometers and water regulators if specified. 
2. Install cabinet-type units recessed in or surface mounted on wall as specified. 

G. Install Y-pattern strainers for water on supply side of each control valve,water 
pressure-reducing valve, and pump. 

H. Install outlet boxes recessed in wall.  Install 2-by-4-inch fire-retardant-treated-wood 
blocking wall reinforcement between studs.  Fire-retardant-treated-wood blocking is 
specified in Division 06 Section "Rough Carpentry." 

I. Install hose stations with check stops or shutoff valves on inlets and with thermometer 
on outlet. 
1. Install shutoff valve on outlet if specified. 
2. Install cabinet-type units recessed in or surface mounted on wall as specified.  

Install 2-by-4-inch fire-retardant-treated-wood blocking wall reinforcement 
between studs.  Fire-retardant-treated-wood blocking is specified in Division 06 
Section "Rough Carpentry." 

J. Install water hammer arresters in water piping according to PDI-WH 201. 

K. Install air vents at high points of water piping. Install drain piping and discharge onto 
floor drain. 
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L. Install supply-type, trap-seal primer valves with outlet piping pitched down toward drain 
trap a minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting.  
Adjust valve for proper flow. 

M. Install drainage-type, trap-seal primer valves as lavatory trap with outlet piping pitched 
down toward drain trap a minimum of 1 percent, and connect to floor-drain body, trap, 
or inlet fitting. 

N. Install trap-seal primer systems with outlet piping pitched down toward drain trap a 
minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting.  Adjust 
system for proper flow. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Division 22 Sections.  Drawings 
indicate general arrangement of piping and specialties. 

B. Ground equipment according to Division 26 Section "Grounding and Bonding for 
Electrical Systems." 

C. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power 
Conductors and Cables." 

3.3 LABELING AND IDENTIFYING 

A. Equipment Nameplates and Signs:  Install engraved plastic-laminate equipment 
nameplate or sign on or near each of the following: 
1. Pressure vacuum breakers. 
2. Intermediate atmospheric-vent backflow preventers. 
3. Reduced-pressure-principal backflow preventers. 
4. Double-check backflow-prevention assemblies. 
5. Dual-check-valve backflow preventers. 
6. Reduced-pressure-detector, fire-protection backflow-preventer assemblies. 
7. Double-check, detector-assembly backflow preventers. 
8. Water pressure-reducing valves. 
9. Calibrated balancing valves. 
10. Primary, thermostatic, water mixing valves. 
11. Manifold, thermostatic, water-mixing-valve assemblies. 
12. Primary water tempering valves. 
13. Outlet boxes. 
14. Hose stations. 
15. Supply-type, trap-seal primer valves. 
16. Trap-seal primer systems. 

B. Distinguish among multiple units, inform operator of operational requirements, indicate 
safety and emergency precautions, and warn of hazards and improper operations, in 
addition to identifying unit.  Nameplates and signs are specified in Division 22 Section 
"Identification for Plumbing Piping and Equipment." 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and prepare test reports: 
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1. Test each reduced-pressure-principal backflow preventer and double-check, 
detector-assembly backflow preventer according to authorities having jurisdiction 
and the device's reference standard. 

B. Remove and replace malfunctioning domestic water piping specialties and retest as 
specified above. 

3.5 ADJUSTING 

A. Set field-adjustable pressure set points of water pressure-reducing valves. 

B. Set field-adjustable flow set points of balancing valves. 

C. Set field-adjustable temperature set points of temperature-actuated water mixing 
valves. 

END OF SECTION 221119 
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SECTION 221316 - SANITARY WASTE AND VENT PIPING 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section includes the following for soil, waste, and vent piping inside the building: 
1. Pipe, tube, and fittings. 
2. Encasement for underground metal piping. 

B. Related Sections include the following: 
1. Division 22 Section "Chemical Waste-Systems for Laboratory and Healthcare 

Facilities" for chemical-waste and vent piping systems. 

1.3 DEFINITIONS 

A. LLDPE:  Linear, low-density polyethylene plastic. 

B. PE:  Polyethylene plastic. 

C. TPE:  Thermoplastic elastomer. 
1.4 PERFORMANCE REQUIREMENTS 

A. Components and installation shall be capable of withstanding the following minimum 
working pressure, unless otherwise indicated: 
1. Soil, Waste, and Vent Piping:  10-foot head of water. 

B. Seismic Performance:  Soil, waste, and vent piping and support and installation shall 
be capable of withstanding the effects of seismic events determined according to the 
NYC Building Code. 

1.5 SUBMITTALS 

A. Product Data:  For pipe, tube, fittings, and couplings. 

B. Shop Drawings: 
1. Design Calculations:  Signed and sealed by a qualified professional engineer for 

selecting seismic restraints. 
1.6 QUALITY ASSURANCE 

A. Piping materials shall bear label, stamp, or other markings of specified testing agency. 

B. Comply with NSF 14, "Plastics Piping Systems Components and Related Materials," 
for plastic piping components.  Include marking with "NSF-dwv" for plastic drain, waste, 
and vent piping; "NSF-drain" for plastic drain piping; "NSF-tubular" for plastic 
continuous waste piping; and "NSF-sewer" for plastic sewer piping. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, manufacturers specified. 

2. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 PIPING MATERIALS 

A. Refer to Part 3 "Piping Applications" Article for applications of pipe, tube, fitting, and 
joining materials. 

2.3 HUB-AND-SPIGOT, CAST-IRON SOIL PIPE AND FITTINGS 

A. Pipe and Fittings:  ASTM A 74, Extra-Heavy class(es). 

B. Gaskets:  ASTM C 564, rubber. 

C. Calking Materials:  ASTM B 29, pure lead and oakum or hemp fiber. 
2.4 HUBLESS CAST-IRON SOIL PIPE AND FITTINGS 

A. Pipe and Fittings:  ASTM A 888 or CISPI 301. 

B. Shielded Couplings:  ASTM C 1277 assembly of metal shield or housing, corrosion-
resistant fasteners, and rubber sleeve with integral, center pipe stop. 
1. Standard, Shielded, Stainless-Steel Couplings:  CISPI 310, with stainless-steel 

corrugated shield; stainless-steel bands and tightening devices; and 
ASTM C 564, rubber sleeve. 
a. Manufacturers: 

1) ANACO. 
2) Fernco, Inc. 
3) Tyler Pipe; Soil Pipe Div. 

C. Rigid, Unshielded Couplings:  ASTM C 1461, sleeve-type, reducing- or transition-type 
mechanical coupling molded from ASTM C 1440, TPE material with corrosion-
resistant-metal tension band and tightening mechanism on each end. 
1. Manufacturers: 

a. ANACO. 

2.5 SPECIAL PIPE FITTINGS 

A. Flexible, Non-pressure Pipe Couplings:  Comply with ASTM C 1173, elastomeric, 
sleeve-type, reducing or transition pattern.  Include shear ring, ends of same sizes as 
piping to be joined, and corrosion-resistant-metal tension band and tightening 
mechanism on each end. 
1. Manufacturers: 
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a. Fernco, Inc. 
b. Mission Rubber Co. 
c. NDS, Inc. 

2. Sleeve Materials: 
a. For Cast-Iron Soil Pipes:  ASTM C 564, rubber. 
b. For Plastic Pipes:  ASTM F 477, elastomeric seal or ASTM D 5926, PVC. 
c. For Dissimilar Pipes:  ASTM D 5926, PVC or other material compatible with 

pipe materials being joined. 

B. Shielded Non-pressure Pipe Couplings:  ASTM C 1460, elastomeric or rubber sleeve 
with full-length, corrosion-resistant outer shield and corrosion-resistant-metal tension 
band and tightening mechanism on each end. 
1. Manufacturers: 

a. Cascade Waterworks Mfg. Co. 
b. Mission Rubber Co. 

C. Rigid, Unshielded, Non-pressure Pipe Couplings:  ASTM C 1461, sleeve-type 
reducing- or transition-type mechanical coupling molded from ASTM C 1440, TPE 
material with corrosion-resistant-metal tension band and tightening mechanism on 
each end. 
1. Manufacturers: 

a. ANACO. 

D. Wall-Penetration Fittings:  Compound, ductile-iron coupling fitting with sleeve and 
flexing sections for up to 20-degree deflection, gaskets, and restrained-joint ends 
complying with AWWA C110 or AWWA C153.  Include AWWA C111, ductile-iron 
glands, rubber gaskets, and steel bolts. 
1. Manufacturers: 

a. SIGMA Corp. 

2.6 ENCASEMENT FOR UNDERGROUND METAL PIPING 

A. Description:  ASTM A 674 or AWWA C105, high-density, cross laminated PE film of 
0.004-inch LLDPE film of 0.008-inch minimum thickness. 

B. Form:  Sheet or tube. 

C. Color:  Black or natural. 

PART 3 - EXECUTION 
3.1 EXCAVATION 

A. Refer to Division 31 Section "Earth Moving" for excavating, trenching, and backfilling. 
3.2 PIPING APPLICATIONS 

A. Flanges and unions may be used on aboveground pressure piping, unless otherwise 
indicated. 
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B. Aboveground, soil and waste piping NPS 4 and smaller shall be the following: 
1. Hubless cast-iron soil pipe and fittings and sovent stack fittings; standard, 

shielded, stainless-steel rigid, unshielded couplings; and hubless-coupling joints. 
2. Dissimilar Pipe-Material Couplings: Flexible, Shielded, Rigid, unshielded, non-

pressure pipe couplings for joining dissimilar pipe materials with small difference 
in OD. 

C. Aboveground, vent piping NPS 4 and smaller shall be the following: 
1. Hubless cast-iron soil pipe and fittings; standard, shielded, stainless-steel 

couplings; and hubless-coupling joints. 
2. Dissimilar Pipe-Material Couplings: Flexible, Shielded, Rigid, unshielded, non-

pressure pipe couplings for joining dissimilar pipe materials with small difference 
in OD. 

D. Underground, soil, waste, and vent piping shall be the following: 
1. Extra-Heavy class, cast-iron soil piping; gaskets; and gasketed joints. 

3.3 PIPING INSTALLATION 

A. Sanitary sewer piping outside the building is specified in Division 22 Section "Facility 
Sanitary Sewers." 

B. Basic piping installation requirements are specified in Division 22 Section "Common 
Work Results for Plumbing." 

C. Install seismic restraints on piping.  Seismic-restraint devices are specified in 
Division 22 Section "Vibration and Seismic Controls for Plumbing Piping and 
Equipment." 

D. Install cleanouts at grade and extend to where building sanitary drains connect to 
building sanitary sewers. 

E. Install underground, ductile-iron, special pipe fittings according to AWWA C600. 

F. Install cast-iron sleeve with water stop and mechanical sleeve seal at each service pipe 
penetration through foundation wall.  Select number of interlocking rubber links 
required to make installation watertight.  Sleeves and mechanical sleeve seals are 
specified in Division 22 Section "Common Work Results for Plumbing." 

G. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings 
Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings." 
1. Install encasement on underground piping according to ASTM A 674 or 

AWWA C105. 

H. Make changes in direction for soil and waste drainage and vent piping using 
appropriate branches, bends, and long-sweep bends.  Sanitary tees and short-sweep 
1/4 bends may be used on vertical stacks if change in direction of flow is from 
horizontal to vertical.  Use long-turn, double Y-branch and 1/8-bend fittings if 2 fixtures 
are installed back-to-back or side by side with common drain pipe.  Straight tees, 
elbows, and crosses may be used on vent lines.  Do not change direction of flow more 
than 90 degrees.  Use proper size of standard increasers and reducers if pipes of 
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different sizes are connected.  Reducing size of drainage piping in direction of flow is 
prohibited. 

I. Lay buried building drainage piping beginning at low point of each system.  Install true 
to grades and alignment indicated, with unbroken continuity of invert.  Place hub ends 
of piping upstream.  Install required gaskets according to manufacturer's written 
instructions for use of lubricants, cements, and other installation requirements.  
Maintain swab in piping and pull past each joint as completed. 

J. Install soil and waste drainage and vent piping at the following minimum slopes, unless 
otherwise indicated: 
1. Building Sanitary Drain:  2 percent downward in direction of flow for piping NPS 3 

and smaller; 1 percent downward in direction of flow for piping NPS 4 and larger. 
2. Horizontal Sanitary Drainage Piping:  2 percent downward in direction of flow. 
3. Vent Piping:  1 percent down toward vertical fixture vent or toward vent stack. 

K. Sleeves are not required for cast-iron soil piping passing through concrete slabs-on-
grade if slab is without membrane waterproofing. 

L. Do not enclose, cover, or put piping into operation until it is inspected and approved by 
authorities having jurisdiction. 

3.4 JOINT CONSTRUCTION 

A. Basic piping joint construction requirements are specified in Division 22 Section 
"Common Work Results for Plumbing." 

B. Join hub-and-spigot, cast-iron soil piping with gasket joints according to CISPI's "Cast 
Iron Soil Pipe and Fittings Handbook" for compression joints. 

C. Join hub-and-spigot, cast-iron soil piping with calked joints according to CISPI's "Cast 
Iron Soil Pipe and Fittings Handbook" for lead and oakum calked joints. 

D. Join hubless cast-iron soil piping according to CISPI 310 and CISPI's "Cast Iron Soil 
Pipe and Fittings Handbook" for hubless-coupling joints. 

3.5 VALVE INSTALLATION 

A. General valve installation requirements are specified in Division 22 Section "General-
Duty Valves for Plumbing Piping." 

B. Check Valves:  Install swing check valve, between pump and shutoff valve, on each 
sewage pump discharge. 

C. Backwater Valves:  Install backwater valves in piping subject to sewage backflow. 
1. Horizontal Piping:  Horizontal backwater valves. Use normally closed type, 

unless otherwise indicated. 
2. Floor Drains:  Drain outlet backwater valves, unless drain has integral backwater 

valve. 
3. Install backwater valves in accessible locations. 
4. Backwater valve are specified in Division 22 Section "Sanitary Waste Piping 

Specialties." 
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3.6 HANGER AND SUPPORT INSTALLATION 

A. Seismic-restraint devices are specified in Division 22 Section "Vibration and Seismic 
Controls for Plumbing Piping and Equipment." 

B. Pipe hangers and supports are specified in Division 22 Section "Hangers and Supports 
for Plumbing Piping and Equipment." Install the following: 
1. Vertical Piping:  MSS Type 8 or Type 42, clamps. 
2. Install individual, straight, horizontal piping runs according to the following: 

a. 100 Feet and Less:  MSS Type 1, adjustable, steel clevis hangers. 
b. Longer Than 100 Feet:  MSS Type 43, adjustable roller hangers. 
c. Longer Than 100 Feet, if Indicated:  MSS Type 49, spring cushion rolls. 

3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer:  MSS Type 44, 
pipe rolls.  Support pipe rolls on trapeze. 

4. Base of Vertical Piping:  MSS Type 52, spring hangers. 

C. Install supports according to Division 22 Section "Hangers and Supports for Plumbing 
Piping and Equipment." 

D. Support vertical piping and tubing at base and at each floor. 

E. Rod diameter may be reduced 1 size for double-rod hangers, with 3/8-inch minimum 
rods. 

F. Install hangers for cast-iron soil piping with the following maximum horizontal spacing 
and minimum rod diameters: 
1. NPS 1-1/2 and NPS 2:  60 inches with 3/8-inch rod. 
2. NPS 3:  60 inches with 1/2-inch rod. 
3. NPS 4 and NPS 5:  60 inches with 5/8-inch rod. 
4. NPS 6:  60 inches with 3/4-inch rod. 
5. NPS 8 to NPS 12:  60 inches with 7/8-inch rod. 

G. Install supports for vertical cast-iron soil piping every 15 feet. 

H. Install hangers for steel piping with the following maximum horizontal spacing and 
minimum rod diameters: 
1. NPS 1-1/4:  84 inches with 3/8-inch rod. 
2. NPS 1-1/2:  108 inches with 3/8-inch rod. 
3. NPS 2:  10 feet with 3/8-inch rod. 
4. NPS 2-1/2:  11 feet with 1/2-inch rod. 
5. NPS 3:  12 feet with 1/2-inch rod. 
6. NPS 4 and NPS 5:  12 feet with 5/8-inch rod. 
7. NPS 6:  12 feet with 3/4-inch rod. 
8. NPS 8 to NPS 12:  12 feet with 7/8-inch rod. 

I. Install supports for vertical steel piping every 15 feet. 

J. Install hangers for stainless-steel piping with the following maximum horizontal spacing 
and minimum rod diameters: 
1. NPS 2:  84 inches with 3/8-inch rod. 
2. NPS 3:  96 inches with 1/2-inch rod. 
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3. NPS 4:  108 inches with 1/2-inch rod. 
4. NPS 6:  10 feet with 5/8-inch rod. 

K. Install supports for vertical stainless-steel piping every 10 feet. 

L. Install hangers for copper tubing with the following maximum horizontal spacing and 
minimum rod diameters: 
1. NPS 1-1/4:  72 inches with 3/8-inch rod. 
2. NPS 1-1/2 and NPS 2:  96 inches with 3/8-inch rod. 
3. NPS 2-1/2:  108 inches with 1/2-inch rod. 
4. NPS 3 to NPS 5:  10 feet with 1/2-inch rod. 
5. NPS 6:  10 feet with 5/8-inch rod. 
6. NPS 8:  10 feet with 3/4-inch rod. 

M. Install supports for vertical copper tubing every 10 feet. 

N. Support piping and tubing not listed above according to MSS SP-69 and 
manufacturer's written instructions. 

3.7 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Connect soil and waste piping to exterior sanitary sewerage piping.  Use transition 
fitting to join dissimilar piping materials. 

C. Connect drainage and vent piping to the following: 
1. Plumbing Fixtures:  Connect drainage piping in sizes indicated, but not smaller 

than required by plumbing code. 
2. Plumbing Fixtures and Equipment:  Connect atmospheric vent piping in sizes 

indicated, but not smaller than required by authorities having jurisdiction. 
3. Plumbing Specialties:  Connect drainage and vent piping in sizes indicated, but 

not smaller than required by plumbing code. 
4. Equipment:  Connect drainage piping as indicated.  Provide shutoff valve, if 

indicated, and union for each connection.  Use flanges instead of unions for 
connections NPS 2-1/2 and larger. 

3.8 FIELD QUALITY CONTROL 

A. During installation, notify authorities having jurisdiction at least 24 hours before 
inspection must be made.  Perform tests specified below in presence of authorities 
having jurisdiction. 
1. Roughing-in Inspection:  Arrange for inspection of piping before concealing or 

closing-in after roughing-in and before setting fixtures. 
2. Final Inspection:  Arrange for final inspection by authorities having jurisdiction to 

observe tests specified below and to ensure compliance with requirements. 

B. Reinspection:  If authorities having jurisdiction find that piping will not pass test or 
inspection, make required corrections and arrange for reinspection. 
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C. Reports:  Prepare inspection reports and have them signed by authorities having 
jurisdiction. 

D. Test sanitary drainage and vent piping according to procedures of authorities having 
jurisdiction or, in absence of published procedures, as follows: 
1. Test for leaks and defects in new piping and parts of existing piping that have 

been altered, extended, or repaired.  If testing is performed in segments, submit 
separate report for each test, complete with diagram of portion of piping tested. 

2. Leave uncovered and unconcealed new, altered, extended, or replaced drainage 
and vent piping until it has been tested and approved.  Expose work that was 
covered or concealed before it was tested. 

3. Roughing-in Plumbing Test Procedure:  Test drainage and vent piping, except 
outside leaders, on completion of roughing-in.  Close openings in piping system 
and fill with water to point of overflow, but not less than 10-foot head of water.  
From 15 minutes before inspection starts to completion of inspection, water level 
must not drop.  Inspect joints for leaks. 

4. Finished Plumbing Test Procedure:  After plumbing fixtures have been set and 
traps filled with water, test connections and prove they are gastight and 
watertight.  Plug vent-stack openings on roof and building drains where they 
leave building.  Introduce air into piping system equal to pressure of 1-inch wg.  
Use U-tube or manometer inserted in trap of water closet to measure this 
pressure.  Air pressure must remain constant without introducing additional air 
throughout period of inspection.  Inspect plumbing fixture connections for gas 
and water leaks. 

5. Repair leaks and defects with new materials and retest piping, or portion thereof, 
until satisfactory results are obtained. 

6. Prepare reports for tests and required corrective action. 
3.9 CLEANING 

A. Clean interior of piping.  Remove dirt and debris as work progresses. 

B. Protect drains during remainder of construction period to avoid clogging with dirt and 
debris and to prevent damage from traffic and construction work. 

 

C. Place plugs in ends of uncompleted piping at end of day and when work stops. 

 

END OF SECTION 221316 
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SECTION 221319 - SANITARY WASTE PIPING SPECIALTIES 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section includes the following sanitary drainage piping specialties: 
1. Backwater valves. 
2. Cleanouts. 
3. Floor drains. 
4. Roof flashing assemblies. 
5. Through-penetration firestop assemblies. 
6. Miscellaneous sanitary drainage piping specialties. 
7. Flashing materials. 
8. Solids interceptors. 

B. Related Sections include the following: 
1. Division 22 Section "Storm Drainage Piping Specialties" for trench drains for 

storm water, channel drainage systems for storm water, roof drains, and catch 
basins. 

2. Division 22 Section "Plumbing Fixtures" for hair interceptors. 

1.3 DEFINITIONS 

A. ABS:  Acrylonitrile-butadiene-styrene plastic. 
1.4 SUBMITTALS 

A. Shop Drawings:  Show fabrication and installation details for frost-resistant vent 
terminals. 

B. Operation and Maintenance Data:  For drainage piping specialties to include in 
emergency, operation, and maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Drainage piping specialties shall bear label, stamp, or other markings of specified 
testing agency. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 
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PART 2 - PRODUCTS 
2.1 BACKWATER VALVES 

A. Horizontal, Cast-Iron Backwater Valves: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Josam Company; Josam Div. 
b. Smith, Jay R. Mfr. Co.; Division of Smith Industries, Inc. 
c. Watts Drainage Products Inc. 
d. Zurn Plumbing Products Group; Specification Drainage Operation. 

B. Drain-Outlet Backwater Valves: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Josam Company; Josam Div. 
b. Smith, Jay R. Mfr. Co.; Division of Smith Industries, Inc. 
c. Watts Drainage Products Inc. 
d. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Size:  Same as floor drain outlet. 
3. Body:  Cast iron or bronze made for vertical installation in bottom outlet of floor 

drain. 
4. Check Valve:  Removable ball float. 
5. Inlet:  Threaded. 
6. Outlet:  Threaded or spigot. 

2.2 CLEANOUTS 

A. Exposed Metal Cleanouts: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Josam Company; Josam Div. 
b. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
c. Watts Drainage Products Inc. 
d. Zurn Plumbing Products Group; Specification Drainage Operation. 

B. Metal Floor Cleanouts: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Josam Company; Josam Div. 
b. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
c. Zurn Plumbing Products Group; Light Commercial Operation. 
d. Zurn Plumbing Products Group; Specification Drainage Operation. 

C. Cast-Iron Wall Cleanouts: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Josam Company; Josam Div. 
b. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
c. Watts Drainage Products Inc. 
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d. Zurn Plumbing Products Group; Specification Drainage Operation. 
2.3 FLOOR DRAINS 

A. Cast-Iron Floor Drains: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Josam Company; Josam Div. 
b. Watts Drainage Products Inc. 
c. Zurn Plumbing Products Group; Light Commercial Operation. 
d. Zurn Plumbing Products Group; Specification Drainage Operation. 

B. Stainless-Steel Floor Drains Insert drawing designation if any: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Josam Company; Josam Div. 
b. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
c. Watts Drainage Products Inc. 
d. Zurn Plumbing Products Group; Specification Drainage Operation. 

2.4 TRENCH DRAINS 

A. Trench Drains: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Josam Company; Josam Div. 
b. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
c. Watts Drainage Products Inc. 
d. Zurn Plumbing Products Group; Specification Drainage Operation. 

2.5 ROOF FLASHING ASSEMBLIES 

A. Roof Flashing Assemblies: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Acorn Engineering Company; Elmdor/Stoneman Div. 
b. Thaler Metal Industries Ltd. 

B. Description:  Manufactured assembly made of 6.0-lb/sq. ft., 0.0938-inch thick, lead 
flashing collar and skirt extending at least 10 inches  from pipe, with galvanized-steel 
boot reinforcement and counterflashing fitting. 
1. Open-Top Vent Cap:  Without cap. 
2. Low-Silhouette Vent Cap:  With vandal-proof vent cap. 
3. Extended Vent Cap:  With field-installed, vandal-proof vent cap. 

2.6 THROUGH-PENETRATION FIRESTOP ASSEMBLIES 

A. Through-Penetration Firestop Assemblies: 
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1. Available Manufacturers:  Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. ProSet Systems Inc. 

2. Standard:  UL 1479 assembly of sleeve and stack fitting with firestopping plug. 
3. Size:  Same as connected soil, waste, or vent stack. 
4. Sleeve:  Molded PVC plastic, of length to match slab thickness and with integral 

nailing flange on one end for installation in cast-in-place concrete slabs. 
5. Stack Fitting:  ASTM A 48/A 48M, gray-iron, hubless-pattern, wye branch with 

neoprene O-ring at base and gray-iron plug in thermal-release harness.  Include 
PVC protective cap for plug. 

6. Special Coating:  Corrosion resistant on interior of fittings. 
2.7 MISCELLANEOUS SANITARY DRAINAGE PIPING SPECIALTIES 

A. Deep-Seal Traps: 
1. Description:  Cast-iron or bronze casting, with inlet and outlet matching 

connected piping and trap guard.  Trap guard shall be as specified on below. 
2. Size:  Same as connected waste piping. 

a. NPS 2:  4-inch minimum water seal. 
b. NPS 2-1/2 and Larger:  5-inch minimum water seal. 

B. Trap Guard: 
1. Description:  Proset trap guard, elastomeric PVC material insert, open on top 

with curl closure on bottom. 
2. Size:  Same to match drainpipe. 

C. Air-Gap Fittings: 
1. Standard:  ASME A112.1.2, for fitting designed to ensure fixed, positive air gap 

between installed inlet and outlet piping. 
2. Body:  Bronze or cast iron. 
3. Inlet:  Opening in top of body. 
4. Outlet:  Larger than inlet. 
5. Size:  Same as connected waste piping and with inlet large enough for 

associated indirect waste piping. 

D. Sleeve Flashing Device: 
1. Description:  Manufactured, cast-iron fitting, with clamping device, that forms 

sleeve for pipe floor penetrations of floor membrane.  Include galvanized-steel 
pipe extension in top of fitting that will extend 2 inches above finished floor and 
galvanized-steel pipe extension in bottom of fitting that will extend through floor 
slab. 

2. Size:  As required for close fit to riser or stack piping. 

E. Stack Flashing Fittings: 
1. Description:  Counterflashing-type, cast-iron fitting, with bottom recess for 

terminating roof membrane, and with threaded or hub top for extending vent pipe. 
2. Size:  Same as connected stack vent or vent stack. 

F. Vent Caps: 
1. Description:  Cast-iron body with threaded or hub inlet and vandal-proof design.  

Include vented hood and setscrews to secure to vent pipe. 
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2. Size:  Same as connected stack vent or vent stack. 
2.8 FLASHING MATERIALS 

A. Lead Sheet:  ASTM B 749, Type L51121, copper bearing, with the following minimum 
weights and thicknesses, unless otherwise indicated: 
1. General Use:  4.0-lb/sq. ft., 0.0625-inch thickness. 
2. Vent Pipe Flashing:  3.0-lb/sq. ft., 0.0469-inch thickness. 
3. Burning:  6-lb/sq. ft., 0.0938-inch thickness. 

B. Copper Sheet:  ASTM B 152/B 152M, of the following minimum weights and 
thicknesses, unless otherwise indicated: 
1. General Applications:  12 oz./sq. ft.. 
2. Vent Pipe Flashing:  8 oz./sq. ft.. 

C. Zinc-Coated Steel Sheet:  ASTM A 653/A 653M, with 0.20 percent copper content and 
0.04-inch minimum thickness, unless otherwise indicated.  Include G90 hot-dip 
galvanized, mill-phosphatized finish for painting if indicated. 

D. Fasteners:  Metal compatible with material and substrate being fastened. 

E. Metal Accessories:  Sheet metal strips, clamps, anchoring devices, and similar 
accessory units required for installation; matching or compatible with material being 
installed. 

F. Solder:  ASTM B 32, lead-free alloy. 

G. Bituminous Coating:  SSPC-Paint 12, solvent-type, bituminous mastic. 
2.9 SOLIDS INTERCEPTORS 

A. Solids Interceptors: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Josam Company; Josam Div. 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
d. Watts Drainage Products Inc. 
e. Zurn Plumbing Products Group; Specification Drainage Operation. 

2.10 MOTORS 

A. General requirements for motors are specified in Division 22 Section "Common Motor 
Requirements for Plumbing Equipment." 
1. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven 

load will not require motor to operate in service factor range above 1.0. 
2. Controllers, Electrical Devices, and Wiring:  Electrical devices and connections 

are specified in Division 26 Sections. 
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PART 3 - EXECUTION 
3.1 INSTALLATION 

A. Refer to Division 22 Section "Common Work Results for Plumbing" for piping joining 
materials, joint construction, and basic installation requirements. 

B. Install backwater valves in building drain piping.  For interior installation, provide 
cleanout deck plate flush with floor and centered over backwater valve cover, and of 
adequate size to remove valve cover for servicing. 

C. Install cleanouts in aboveground piping and building drain piping according to the 
following, unless otherwise indicated: 
1. Size same as drainage piping up to NPS 4.  Use NPS 4 for larger drainage piping 

unless larger cleanout is indicated. 
2. Locate at each change in direction of piping greater than 45 degrees. 
3. Locate at minimum intervals of 50 feet for piping NPS 4 and smaller and 100 feet 

for larger piping. 
4. Locate at base of each vertical soil and waste stack. 

D. For floor cleanouts for piping below floors, install cleanout deck plates with top flush 
with finished floor. 

E. For cleanouts located in concealed piping, install cleanout wall access covers, of types 
indicated, with frame and cover flush with finished wall. 

F. Install floor drains at low points of surface areas to be drained.  Set grates of drains 
flush with finished floor, unless otherwise indicated. 
1. Position floor drains for easy access and maintenance. 
2. Set floor drains below elevation of surrounding finished floor to allow floor 

drainage.  Set with grates depressed according to the following drainage area 
radii: 
a. Radius, 30 Inches or Less:  Equivalent to 1 percent slope, but not less than 

1/4-inch total depression. 
b. Radius, 30 to 60 Inches:  Equivalent to 1 percent slope. 
c. Radius, 60 Inches or Larger:  Equivalent to 1 percent slope, but not greater 

than 1-inch total depression. 
3. Install floor-drain flashing collar or flange so no leakage occurs between drain 

and adjoining flooring.  Maintain integrity of waterproof membranes where 
penetrated. 

4. Install individual traps for floor drains connected to sanitary building drain, unless 
otherwise indicated. 

G. Assemble and install ASME A112.3.1, stainless-steel channel drainage systems 
according to ASME A112.3.1.  Install on support devices so that top will be flush with 
surface. 

H. Assemble non-ASME A112.3.1, stainless-steel channel drainage system components 
according to manufacturer's written instructions.  Install on support devices so that top 
will be flush with adjacent surface. 
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I. Assemble plastic channel drainage system components according to manufacturer's 
written instructions.  Install on support devices so that top will be flush with adjacent 
surface. 

J. Install roof flashing assemblies on sanitary stack vents and vent stacks that extend 
through roof. 

K. Install flashing fittings on sanitary stack vents and vent stacks that extend through roof. 

L. Install through-penetration firestop assemblies in plastic conductors and stacks at floor 
penetrations. 

M. Assemble open drain fittings and install with top of hub 2 inches above floor. 

N. Install deep-seal traps on floor drains and other waste outlets, if indicated. 

O. Install floor-drain, trap-seal primer fittings on inlet to floor drains that require trap-seal 
primer connection. 
1. Exception:  Fitting may be omitted if trap has trap-seal primer connection. 
2. Size:  Same as floor drain inlet. 

P. Install air-gap fittings on draining-type backflow preventers and on indirect-waste piping 
discharge into sanitary drainage system. 

Q. Install sleeve flashing device with each riser and stack passing through floors with 
waterproof membrane. 

R. Install vent caps on each vent pipe passing through roof. 

S. Install frost-proof vent caps on each vent pipe passing through roof.  Maintain 1-inch 
clearance between vent pipe and roof substrate. 

T. Install solids interceptors with cleanout immediately downstream from interceptors that 
do not have integral cleanout on outlet.  Install trap on interceptors that do not have 
integral trap and are connected to sanitary drainage and vent systems. 

U. Install wood-blocking reinforcement for wall-mounting-type specialties. 

V. Install traps on plumbing specialty drain outlets.  Omit traps on indirect wastes unless 
trap is indicated. 

W. Install escutcheons at wall, floor, and ceiling penetrations in exposed finished locations 
and within cabinets and millwork.  Use deep-pattern escutcheons if required to conceal 
protruding pipe fittings. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Division 22 Sections.  Drawings 
indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to equipment to allow service and maintenance. 
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C. Ground equipment according to Division 26 Section "Grounding and Bonding for 
Electrical Systems." 

D. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power 
Conductors and Cables." 

3.3 FLASHING INSTALLATION 

A. Fabricate flashing from single piece unless large pans, sumps, or other drainage 
shapes are required.  Join flashing according to the following if required: 
1. Lead Sheets:  Burn joints of lead sheets 6.0-lb/sq. ft., 0.0938-inch thickness or 

thicker.  Solder joints of lead sheets 4.0-lb/sq. ft., 0.0625-inch thickness or 
thinner. 

2. Copper Sheets:  Solder joints of copper sheets. 

B. Install sheet flashing on pipes, sleeves, and specialties passing through or embedded 
in floors and roofs with waterproof membrane. 
1. Pipe Flashing:  Sleeve type, matching pipe size, with minimum length of 10 

inches, and skirt or flange extending at least 8 inches around pipe. 
2. Sleeve Flashing:  Flat sheet, with skirt or flange extending at least 8 inches 

around sleeve. 
3. Embedded Specialty Flashing:  Flat sheet, with skirt or flange extending at least 

8 inches around specialty. 

C. Set flashing on floors and roofs in solid coating of bituminous cement. 

D. Secure flashing into sleeve and specialty clamping ring or device. 

E. Install flashing for piping passing through roofs with counterflashing or commercially 
made flashing fittings, according to Division 07 Section "Sheet Metal Flashing and 
Trim." 

F. Extend flashing up vent pipe passing through roofs and turn down into pipe, or secure 
flashing into cast-iron sleeve having calking recess. 

G. Fabricate and install flashing and pans, sumps, and other drainage shapes. 
3.4 LABELING AND IDENTIFYING 

A. Distinguish among multiple units, inform operator of operational requirements, indicate 
safety and emergency precautions, and warn of hazards and improper operations, in 
addition to identifying unit.  Nameplates and signs are specified in Division 22 Section 
"Identification for Plumbing Piping and Equipment." 

3.5 FIELD QUALITY CONTROL 

A. Tests and Inspections: 
1. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and 

retest until no leaks exist. 
2. Test and adjust controls and safeties.  Replace damaged and malfunctioning 

controls and equipment. 
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3.6 PROTECTION 

A. Protect drains during remainder of construction period to avoid clogging with dirt or 
debris and to prevent damage from traffic or construction work. 

B. Place plugs in ends of uncompleted piping at end of each day or when work stops. 

END OF SECTION 221319 
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SECTION 224000 - PLUMBING FIXTURES 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section includes the following conventional plumbing fixtures and related 
components: 
1. Faucets 
2. Flushometers. 
3. Toilet Seats. 
4. Protective shielding guards. 
5. Fixture supports. 
6. Water closets. 
7. Lavatories. 
8. Commercial Sinks. 
9. Service Sinks. 

B. Related Sections include the following: 
1. Division 22 Section "Domestic Water Piping Specialties" for backflow preventers, 

floor drains, and specialty fixtures not included in this Section. 
2. Division 22 Section "Emergency Plumbing Fixtures." 
3. Division 22 Section "Drinking Fountains and Water Coolers." 
4. Division 22 Section "Facility Water Distribution Piping" for exterior plumbing 

fixtures and hydrants. 
1.3 DEFINITIONS 

A. ABS:  Acrylonitrile-butadiene-styrene plastic. 

B. Accessible Fixture:  Plumbing fixture that can be approached, entered, and used by 
people with disabilities. 

C. Cast Polymer:  Cast-filled-polymer-plastic material.  This material includes cultured-
marble and solid-surface materials. 

D. Cultured Marble:  Cast-filled-polymer-plastic material with surface coating. 

E. Fitting:  Device that controls the flow of water into or out of the plumbing fixture.  
Fittings specified in this Section include supplies and stops, faucets and spouts, 
shower heads and tub spouts, drains and tailpieces, and traps and waste pipes.  Piping 
and general-duty valves are included where indicated. 

F. FRP:  Fiberglass-reinforced plastic. 

G. PMMA:  Polymethyl methacrylate (acrylic) plastic. 
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H. PVC:  Polyvinyl chloride plastic. 

I. Solid Surface:  Nonporous, homogeneous, cast-polymer-plastic material with heat-, 
impact-, scratch-, and stain-resistance qualities. 

1.4 SUBMITTALS 

A. Product Data:  For each type of plumbing fixture indicated.  Include selected fixture and 
trim, fittings, accessories, appliances, appurtenances, equipment, and supports.  
Indicate materials and finishes, dimensions, construction details, and flow-control rates. 

B. Shop Drawings:  Diagram power, signal, and control wiring. 

C. Operation and Maintenance Data:  For plumbing fixtures to include in emergency, 
operation, and maintenance manuals. 

D. Warranty:  Special warranty specified in this Section. 
1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain plumbing fixtures, faucets, and other components of each 
category through one source from a single manufacturer. 
1. Exception:  If fixtures, faucets, or other components are not available from a 

single manufacturer, obtain similar products from other manufacturers specified 
for that category. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 

C. Regulatory Requirements:  Comply with requirements in ICC A117.1, "Accessible and 
Usable Buildings and Facilities"; Public Law 90-480, "Architectural Barriers Act"; and 
Public Law 101-336, "Americans with Disabilities Act"; for plumbing fixtures for people 
with disabilities. 

D. Regulatory Requirements:  Comply with requirements in Public Law 102-486, "Energy 
Policy Act," about water flow and consumption rates for plumbing fixtures. 

E. NSF Standard:  Comply with NSF 61, "Drinking Water System Components--Health 
Effects," for fixture materials that will be in contact with potable water. 

F. Select combinations of fixtures and trim, faucets, fittings, and other components that 
are compatible. 

G. Comply with the following applicable standards and other requirements specified for 
plumbing fixtures: 
1. Enameled, Cast-Iron Fixtures:  ASME A112.19.1M. 
2. Porcelain-Enameled, Formed-Steel Fixtures:  ASME A112.19.4M. 
3. Slip-Resistant Bathing Surfaces:  ASTM F 462. 
4. Vitreous-China Fixtures:  ASME A112.19.2M. 
5. Water-Closet, Flush Valve, Tank Trim:  ASME A112.19.5. 
6. Water-Closet, Flushometer Tank Trim:  ASSE 1037. 
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H. Comply with the following applicable standards and other requirements specified for 
miscellaneous fittings: 
1. Atmospheric Vacuum Breakers:  ASSE 1001. 
2. Brass and Copper Supplies:  ASME A112.18.1. 
3. Manual-Operation Flushometers:  ASSE 1037. 
4. Plastic Tubular Fittings:  ASTM F 409. 
5. Brass Waste Fittings:  ASME A112.18.2. 
6. Sensor-Operation Flushometers:  ASSE 1037 and UL 1951. 

I. Comply with the following applicable standards and other requirements specified for 
miscellaneous components: 
1. Flexible Water Connectors:  ASME A112.18.6. 
2. Floor Drains:  ASME A112.6.3. 
3. Grab Bars:  ASTM F 446. 
4. Hose-Coupling Threads:  ASME B1.20.7. 
5. Off-Floor Fixture Supports:  ASME A112.6.1M. 
6. Pipe Threads:  ASME B1.20.1. 
7. Supply and Drain Protective Shielding Guards:  ICC A117.1. 

1.6 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are 
packaged with protective covering for storage and identified with labels describing 
contents. 
1. Faucet Washers and O-Rings:  Equal to 10 percent of amount of each type and 

size installed. 
2. Faucet Cartridges and O-Rings:  Equal to 5 percent of amount of each type and 

size installed. 
3. Flushometer Valve, Repair Kits:  Equal to 10 percent of amount of each type 

installed, but no fewer than 12 of each type. 
4. Provide hinged-top wood or metal box, or individual metal boxes, with separate 

compartments for each type and size of extra materials listed above. 
5. Flushometer Tank, Repair Kits:  Equal to 5 percent of amount of each type 

installed, but no fewer than 2 of each type. 
6. Water-Closet Tank, Repair Kits:  Equal to 5 percent of amount of each type 

installed. 
PART 2 - PRODUCTS 
2.1 LAVATORY FAUCETS 

A. Lavatory Faucets: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. American Standard Companies, Inc. 
b. Elkay Manufacturing Co. 
c. Kohler Co. 

2.2 SINK FAUCETS 

A. Sink Faucets: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
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a. American Standard Companies, Inc. 
b. Eljer. 
c. Elkay Manufacturing Co. 

2.3 FLUSHOMETERS 

A. Flushometers, : 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. Delta Faucet Company. 
b. Sloan Valve Company. 
c. Zurn Plumbing Products Group; Commercial Brass Operation. 

2.4 TOILET SEATS 

A. Toilet Seats, : 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. American Standard Companies, Inc. 
b. Church Seats. 
c. Olsonite Corp. 

2.5 PROTECTIVE SHIELDING GUARDS 

A. Protective Shielding Pipe Covers, : 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

2. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 
a. Engineered Brass Co. 
b. Insul-Tect Products Co.; a Subsidiary of MVG Molded Products. 
c. McGuire Manufacturing Co., Inc. 
d. Plumberex Specialty Products Inc. 
e. TCI Products. 
f. TRUEBRO, Inc. 
g. Zurn Plumbing Products Group; Tubular Brass Plumbing Products 

Operation. 
3. Description:  Manufactured plastic wraps for covering plumbing fixture hot- and 

cold-water supplies and trap and drain piping.  Comply with Americans with 
Disabilities Act (ADA) requirements. 

B. Protective Shielding Piping Enclosures: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. TRUEBRO, Inc. 

2. Description:  Manufactured plastic enclosure for covering plumbing fixture hot- 
and cold-water supplies and trap and drain piping.  Comply with ADA 
requirements. 
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2.6 FIXTURE SUPPORTS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Josam Company. 
2. MIFAB Manufacturing Inc. 
3. Smith, Jay R. Mfg. Co. 
4. Tyler Pipe; Wade Div. 
5. Watts Drainage Products Inc.; a div. of Watts Industries, Inc. 
6. Zurn Plumbing Products Group; Specification Drainage Operation. 

C. Water-Closet Supports: 
1. Description:  Combination carrier designed for mounting height of wall-mounting, 

water-closet-type fixture.  Include single or double, vertical or horizontal, hub-
and-spigot or hubless waste fitting as required for piping arrangement; 
faceplates; couplings with gaskets; feet; and fixture bolts and hardware matching 
fixture.  Include additional extension coupling, faceplate, and feet for installation 
in wide pipe space. 

D. Lavatory Supports: 
1. Description: Lavatory carrier with concealed arms and tie rod for wall-mounting, 

lavatory-type fixture.  Include steel uprights with feet. 
2. Accessible-Fixture Support:  Include rectangular steel uprights. 

E. Sink Supports: 
1. Description:  Sink carrier with hanger plate, bearing studs, and tie rod for sink-

type fixture.  Include steel uprights with feet. 
2.7 WATER CLOSETS 

A. Water Closets: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. American Standard Companies, Inc. 
b. Crane Plumbing, L.L.C./Fiat Products. 
c. Kohler Co. 

2.8 LAVATORIES 

A. Lavatories: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 

product indicated on Drawings or a comparable product by one of the following: 
a. American Standard Companies, Inc. 
b. Eljer. 
c. Kohler Co. 

2.9 COMMERCIAL SINKS 

A. Commercial Sinks: 
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1. Basis-of-Design Product:  Subject to compliance with requirements, provide the 
product indicated on Drawings or a comparable product by one of the following: 
a. Elkay Manufacturing Co. 
b. Metal Masters Foodservice Equipment Co., Inc. 

PART 3 - EXECUTION 
3.1 EXAMINATION 

A. Examine roughing-in of water supply and sanitary drainage and vent piping systems to 
verify actual locations of piping connections before plumbing fixture installation. 

B. Examine cabinets, counters, floors, and walls for suitable conditions where fixtures will 
be installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 
3.2 INSTALLATION 

A. Assemble plumbing fixtures, trim, fittings, and other components according to 
manufacturers' written instructions. 

B. Install off-floor supports, affixed to building substrate, for wall-mounting fixtures. 
1. Use carrier supports with waste fitting and seal for back-outlet fixtures. 
2. Use carrier supports without waste fitting for fixtures with tubular waste piping. 
3. Use chair-type carrier supports with rectangular steel uprights for accessible 

fixtures. 

C. Install back-outlet, wall-mounting fixtures onto waste fitting seals and attach to 
supports. 

D. Install floor-mounting fixtures on closet flanges or other attachments to piping or 
building substrate. 

E. Install wall-mounting fixtures with tubular waste piping attached to supports. 

F. Install floor-mounting, back-outlet water closets attached to building floor substrate and 
wall bracket and onto waste fitting seals. 

G. Install counter-mounting fixtures in and attached to casework. 

H. Install fixtures level and plumb according to roughing-in drawings. 

I. Install water-supply piping with stop on each supply to each fixture to be connected to 
water distribution piping.  Attach supplies to supports or substrate within pipe spaces 
behind fixtures.  Install stops in locations where they can be easily reached for 
operation. 
1. Exception:  Use ball, gate, or globe valves if supply stops are not specified with 

fixture.  Valves are specified in Division 22 Section "General-Duty Valves for 
Plumbing Piping." 

J. Install trap and tubular waste piping on drain outlet of each fixture to be directly 
connected to sanitary drainage system. 
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K. Install tubular waste piping on drain outlet of each fixture to be indirectly connected to 
drainage system. 

L. Install flushometer valves for accessible water closets and urinals with handle mounted 
on wide side of compartment.  Install other actuators in locations that are easy for 
people with disabilities to reach. 

M. Install tanks for accessible, tank-type water closets with lever handle mounted on wide 
side of compartment. 

N. Install toilet seats on water closets. 

O. Install trap-seal liquid in dry urinals. 

P. Install faucet-spout fittings with specified flow rates and patterns in faucet spouts if 
faucets are not available with required rates and patterns.  Include adapters if required. 

Q. Install water-supply flow-control fittings with specified flow rates in fixture supplies at 
stop valves. 

R. Install faucet flow-control fittings with specified flow rates and patterns in faucet spouts 
if faucets are not available with required rates and patterns.  Include adapters if 
required. 

S. Install shower flow-control fittings with specified maximum flow rates in shower arms. 

T. Install traps on fixture outlets. 
1. Exception:  Omit trap on fixtures with integral traps. 
2. Exception:  Omit trap on indirect wastes, unless otherwise indicated. 

U. Install dishwasher air-gap fitting at each sink indicated to have air-gap fitting.  Install in 
sink deck or on countertop at sink.  Connect inlet hose to dishwasher and outlet hose 
to disposer. 

V. Install escutcheons at piping wall ceiling penetrations in exposed, finished locations 
and within cabinets and millwork.  Use deep-pattern escutcheons if required to conceal 
protruding fittings.  Escutcheons are specified in Division 22 Section "Common Work 
Results for Plumbing." 

W. Seal joints between fixtures and walls, floors, and countertops using sanitary-type, one-
part, mildew-resistant silicone sealant.  Match sealant color to fixture color.  Sealants 
are specified in Division 07 Section "Joint Sealants." 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 22 Sections.  Drawings 
indicate general arrangement of piping, fittings, and specialties. 

B. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and 
vent piping.  Use size fittings required to match fixtures. 
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C. Ground equipment according to Division 26 Section "Grounding and Bonding for 
Electrical Systems." 

D. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power 
Conductors and Cables." 

3.4 FIELD QUALITY CONTROL 

A. Verify that installed plumbing fixtures are categories and types specified for locations 
where installed. 

B. Check that plumbing fixtures are complete with trim, faucets, fittings, and other 
specified components. 

C. Inspect installed plumbing fixtures for damage.  Replace damaged fixtures and 
components. 

D. Test installed fixtures after water systems are pressurized for proper operation.  
Replace malfunctioning fixtures and components, then retest.  Repeat procedure until 
units operate properly. 

E. Install fresh batteries in sensor-operated mechanisms. 
3.5 ADJUSTING 

A. Operate and adjust faucets and controls.  Replace damaged and malfunctioning 
fixtures, fittings, and controls. 

B. Adjust water pressure at faucets and flushometer valves to produce proper flow and 
stream. 

C. Replace washers and seals of leaking and dripping faucets and stops. 

D. Install fresh batteries in sensor-operated mechanisms. 
3.6 CLEANING 

A. Clean fixtures, faucets, and other fittings with manufacturers' recommended cleaning 
methods and materials.  Do the following: 
1. Remove faucet spouts and strainers, remove sediment and debris, and reinstall 

strainers and spouts. 
2. Remove sediment and debris from drains. 

B. After completing installation of exposed, factory-finished fixtures, faucets, and fittings, 
inspect exposed finishes and repair damaged finishes. 

3.7 PROTECTION 

A. Provide protective covering for installed fixtures and fittings. 

B. Do not allow use of plumbing fixtures for temporary facilities unless approved in writing 
by Owner. 
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END OF SECTION 224000 
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SECTION 230130 - HVAC AIR DUCT CLEANING 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section includes cleaning of the following duct systems: 
1. Supply system. 
2. Return system. 
3. Exhaust system. 

1.3 DEFINITIONS 

A. ASCS:  Air system cleaning specialist. 

B. NADCA:  National Air Duct Cleaners Association. 

C. SMACNA:  Sheet Metal and Air Conditioning Contractors' National Association. 
1.4 SUBMITTALS 

A. Manufacturer Certificates:  Signed by manufacturers certifying that products comply 
with requirements. 

B. Qualification Data:  For ASCS. 

C. Field quality-control test reports. 
1.5 QUALITY ASSURANCE 

A. ASCS Qualifications:  A member of a nationally recognized nonprofit industry 
organization dedicated to the cleaning of HVAC systems. 
1. Certification:  Employ a staff of ASCSs certified by a nationally recognized 

certification program. 
2. Supervisor Qualifications:  Certified by a nationally recognized program and 

organization. 
3. Experience:  Submit records of experience in the field of HVAC systems 

cleaning. 
4. Equipment, Materials, and Labor:  Have equipment, materials, and labor required 

to perform specified services. 

B. Comply with current published standards of NADCA. 
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PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, manufacturers specified. 

2. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 SHEET METAL MATERIALS 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 
acceptable materials, material thicknesses, and duct construction methods, unless 
otherwise indicated. 

B. Galvanized-Steel Sheet:  Lock-forming quality; complying with ASTM A 653/A 653M 
and having G60 coating designation; ducts shall have mill-phosphatized finish for 
surfaces exposed to view. 

C. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on 
galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel 
ducts. 

D. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 
3/8-inch minimum diameter for lengths longer than 36 inches. 

2.3 DUCT-MOUNTING ACCESS DOORS 

A. General Description:  Fabricate doors airtight and suitable for duct pressure class. 

B. Rectangular Duct Door:  Double wall; fabricated of galvanized sheet metal with 
insulation fill and thickness as indicated for duct pressure class.  Include vision panel 
where indicated.  Include 1-by-1-inch butt or piano hinge and cam latches. 
1. Manufacturers: 

a. American Warming and Ventilating. 
b. Cesco Products. 
c. Ductmate Industries, Inc. 
d. Flexmaster U.S.A., Inc. 
e. Greenheck. 
f. McGill AirFlow Corporation. 
g. Nailor Industries Inc. 
h. Ventfabrics, Inc. 
i. Ward Industries, Inc. 

2. Frame:  Galvanized-steel sheet; with bendover tabs and foam gaskets. 
3. Provide number of hinges and locks as follows: 

a. Less Than 12 Inches Square:  Secure with two sash locks. 
b. Up to 18 Inches Square:  Two hinges and two sash locks. 
c. Up to 24 by 48 Inches:  Three hinges and two compression latches with 

outside and inside handles. 
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C. Round Duct Door:  Double wall; fabricated of galvanized sheet metal with insulation fill 
and 1-inch thickness.  Include cam latches. 
1. Manufacturers: 

a. Flexmaster U.S.A., Inc. 
2. Frame:  Galvanized-steel sheet; with spin-in notched frame. 

D. Seal around frame attachment to duct and door to frame with neoprene or foam rubber. 

E. Insulation:  1-inch thick fibrous-glass or polystyrene-foam board. 
PART 3 - EXECUTION 
3.1 EXAMINATION 

A. Examine systems to determine appropriate methods, tools, and equipment required for 
performance of work. 

B. Prepare written report listing conditions detrimental to performance of work. 

C. Proceed with work only after unsatisfactory conditions have been corrected. 
3.2 CLEANING 

A. Engage a qualified ASCS to clean the following systems: 
1. Supply system. 
2. Return system. 
3. Exhaust system. 

B. Perform cleaning before air balancing or mark position of dampers and air-directional 
mechanical devices before cleaning. 

C. Use duct-mounted access doors, as required, for physical and mechanical entry and 
for inspection. 
1. Install additional duct-mounting access doors to comply with duct cleaning 

standards. Comply with requirements in Division 23 Section "Air Duct 
Accessories" for additional duct-mounting access doors. 

2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection.  
Replace damaged and deteriorated flexible ducts. Comply with requirements in 
Division 23 Section "Air Duct Accessories" for flexible ducts. 

3. Disconnect and reconnect flexible connectors as needed for cleaning and 
inspection.  Replace damaged and deteriorated flexible connectors. Comply with 
requirements in Division 23 Section "Air Duct Accessories" for flexible 
connectors. 

4. Reseal rigid-fiberglass-duct systems according to NAIMA recommended 
practices. 

5. Replace damaged fusible links on fire and smoke dampers.  Replacement fusible 
links shall be same rating as those being replaced. Comply with requirements in 
Division 23 Section "Air Duct Accessories" for fusible links. 

6. Remove and reinstall ceiling components to gain access for duct cleaning.  Clean 
ceiling components after they have been removed and replaced. 

D. Mark position of dampers and air-directional mechanical devices before cleaning, and 
restore to their marked position on completion. 
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E. Particulate Collection and Odor Control: 
1. Where venting vacuuming system inside building, use HEPA filtration with 99.97 

percent collection efficiency for 0.3-micron size (or greater) particles. 
2. When venting vacuuming system outside building, use filtration to contain debris 

removed from the HVAC system and locate exhaust down wind and away from 
air intakes and other points of entry into building. 

F. Clean the following metal-duct system components by removing visible surface 
contaminants and deposits: 
1. Air outlets and inlets (registers, grilles, and diffusers). 
2. Supply and return fans including fan housings, plenums (except ceiling supply 

and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive 
assemblies. 

3. Air-handling-unit internal surfaces and components including mixing box, coil 
section, air wash systems, spray eliminators, condensate drain pans, humidifiers 
and dehumidifiers, filters and filter sections, and condensate collectors and 
drains. 

4. Coils and related components. 
5. Return-air ducts, dampers, and actuators, except in ceiling plenums and 

mechanical room. 
6. Supply-air ducts, dampers, actuators, and turning vanes. 

G. Mechanical Cleaning Methodology: 
1. Clean metal-duct systems using mechanical cleaning methods that extract 

contaminants from within duct systems and remove contaminants from building. 
2. Use vacuum-collection devices that are operated continuously during cleaning.  

Connect vacuum device to downstream end of ducts so areas being cleaned are 
under negative pressure. 

3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces 
without damaging integrity of metal ducts or duct liner. 

4. Clean fibrous-glass duct liner with HEPA vacuuming equipment, and do not 
permit duct liner to get wet.  Replace fibrous-glass duct liner that is damaged, 
deteriorated, or delaminated or that has friable material, mold, or fungus growth. 

5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain pan 
operational.  Rinse coils with clean water to remove latent residues and cleaning 
materials; comb and straighten fins. 

6. Provide operative drainage system for washdown procedures. 
7. Biocidal Agents and Coatings:  Apply biocidal agents if fungus is present; use 

according to manufacturer's written instructions after removal of surface deposits 
and debris. 

H. Cleanliness Verification: 
1. Verify cleanliness after mechanical cleaning and before application of treatment, 

including biocidal agents and protective coatings. 
2. Visually inspect metal-duct systems for contaminants. 
3. Where contaminants are discovered, reclean and reinspect duct systems. 
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3.3 DUCT ACCESSORIES INSTALLATION 

A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct 
Construction Standards--Metal and Flexible" for metal ducts and in NAIMA AH116, 
"Fibrous Glass Duct Construction Standards," for fibrous-glass ducts. 

B. Provide duct accessories of materials suited to duct materials; use galvanized-steel 
accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in 
stainless-steel ducts, and aluminum accessories in aluminum ducts. 

C. Install duct-mounting access doors where access doors do not currently exist to allow 
for the cleaning of ducts, accessories, and terminal units as follows: 
1. On both sides of duct coils. 
2. Downstream from volume dampers and equipment. 
3. Adjacent to fire or smoke dampers; reset or install new fusible links. 
4. Before and after each change in direction, at maximum 50-foot spacing. 
5. On sides of ducts where adequate clearance is available. 

D. Install the following sizes for duct-mounting, rectangular access doors: 
1. One-Hand or Inspection Access:  8 by 5 inches. 
2. Two-Hand Access:  12 by 6 inches. 
3. Head and Hand Access:  18 by 10 inches. 
4. Head and Shoulders Access:  21 by 14 inches. 
5. Body Access:  25 by 14 inches. 
6. Body Plus Ladder Access:  25 by 17 inches. 

E. Install the following sizes for duct-mounting, round access doors: 
1. One-Hand or Inspection Access:  8 inches in diameter. 
2. Two-Hand Access:  10 inches in diameter. 
3. Head and Hand Access:  12 inches in diameter. 
4. Head and Shoulders Access:  18 inches in diameter. 
5. Body Access:  24 inches in diameter. 

F. Install the following sizes for duct-mounting, pressure relief access doors: 
1. One-Hand or Inspection Access:  5 inches in diameter. 
2. Two-Hand Access:  10 inches in diameter. 
3. Head and Hand Access:  13 inches in diameter. 
4. Head and Shoulders Access:  19 inches in diameter. 

3.4 CONNECTIONS 

A. Reconnect ducts to fans and air-handling units with existing flexible connectors after 
cleaning ducts and flexible connectors.  Replace existing damaged and deteriorated 
flexible connectors. 

B. For fans developing static pressures of 5-inch wg and higher, cover replacement 
flexible connectors with loaded vinyl sheet held in place with metal straps. 

C. Reconnect terminal units to supply ducts with existing flexible ducts or replace 
damaged and deteriorated existing flexible ducts with maximum 12-inch lengths of new 
flexible duct. 
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D. Reconnect diffusers or light troffer boots to low-pressure ducts with existing flexible 
ducts or replace damaged and deteriorated existing flexible ducts with maximum 60-
inch lengths of flexible duct clamped or strapped in place. 

E. Reconnect existing and new flexible ducts to metal ducts with adhesive plus sheet 
metal screws. 

3.5 FIELD QUALITY CONTROL 

A. Gravimetric Analysis:  Sections of metal-duct system, chosen randomly by Architect, 
may be tested for cleanliness according to NADCA vacuum test gravimetric analysis. 
1. If analysis determines that levels of debris are equal to or lower than suitable 

levels, system shall have passed cleanliness verification. 
2. If analysis determines that levels of debris exceed suitable levels, system 

cleanliness verification will have failed and metal-duct system shall be recleaned 
and reverified. 

B. Verification of Coil Cleaning:  Cleaning shall restore coil pressure drop to within 10 
percent of pressure drop measured when coil was first installed.  If original pressure 
drop is not known, coil will be considered clean only if it is free of foreign matter and 
chemical residue, based on thorough visual inspection. 

C. Report results of tests in writing. 

END OF SECTION 230130 
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SECTION 230516 - EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Flexible-hose packless expansion joints. 
2. Pipe loops and swing connections. 
3. Alignment guides and anchors. 

1.3 PERFORMANCE REQUIREMENTS 

A. Compatibility:  Products shall be suitable for piping service fluids, materials, working 
pressures, and temperatures. 

B. Capability:  Products to absorb 200 percent of maximum axial movement between 
anchors. 

C. Expansion Calculations: 
1. Installation temperature: 40deg F. 
2. Hot water heating: 220 deg F. 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Delegated-Design Submittal:  For each anchor and alignment guide indicated to 
comply with performance requirements and design criteria, including analysis data 
signed and sealed by the qualified professional engineer responsible for their 
preparation. 

1. Design Calculations:  Calculate requirements for thermal expansion of piping 
systems and for selecting and designing expansion joints, loops, and swing 
connections. 

2. Anchor Details:  Detail fabrication of each anchor indicated.  Show dimensions 
and methods of assembly and attachment to building structure. 

3. Alignment Guide Details:  Detail field assembly and attachment to building 
structure. 

4. Schedule:  Indicate type, manufacturer's number, size, material, pressure rating, 
end connections, and location for each expansion joint. 

C. Welding certificates. 

D. Product Certificates:  For each type of expansion joint, from manufacturer. 

E. Maintenance Data:  For expansion joints to include in maintenance manuals. 
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1.5 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to the following: 

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel." 
2. ASME Boiler and Pressure Vessel Code:  Section IX. 

PART 2 - PRODUCTS 
2.1 PACKLESS EXPANSION JOINTS 

A. Flexible-Hose Packless Expansion Joints: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

a. Flex-Hose Co., Inc. 
b. Flexicraft Industries. 
c. Metraflex, Inc. 

2. Description:  Manufactured assembly with inlet and outlet elbow fittings and two 
flexible-metal-hose legs joined by long-radius, 180-degree return bend or center 
section of flexible hose. 

3. Flexible Hose:  Corrugated-metal inner hoses and braided outer sheaths. 
4. Expansion Joints for Copper Tubing NPS 2 and Smaller:  Copper-alloy fittings 

with solder-joint end connections. 

a. Bronze hoses and single-braid bronze sheaths with 450 psig at 70 deg F 
and 340 psig at 450 deg F ratings. 

b. Bronze hoses and double-braid bronze sheaths with 700 psig at 70 deg F 
and 500 psig at 450 deg F ratings. 

5. Expansion Joints for Copper Tubing NPS 2-1/2 to NPS 4:  Copper-alloy fittings 
with flanged end connections. 

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 300 
psig at 70 deg F and 225 psig at 450 deg F ratings. 

b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 420 
psig at 70 deg F and 315 psig at 450 deg F ratings. 

6. Expansion Joints for Steel Piping NPS 2 and Smaller:  Carbon-steel fittings with 
threaded end connections. 

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 450 
psig at 70 deg F and 325 psig at 600 deg F ratings. 

b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 700 
psig at 70 deg F and 515 psig at 600 deg F ratings. 

7. Expansion Joints for Steel Piping NPS 2-1/2 to NPS 6:  Carbon-steel fittings with 
flanged end connections. 
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a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 200 
psig at 70 deg F and 145 psig at 600 deg F ratings. 

b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 275 
psig at 70 deg F and 200 psig at 600 deg F ratings. 

8. Expansion Joints for Steel Piping NPS 8 to NPS 12:  Carbon-steel fittings with 
weld end connections. 

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 125 
psig at 70 deg F and 90 psig at 600 deg F ratings. 

b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 165 
psig at 70 deg F and 120 psig at 600 deg F ratings. 

9. Expansion Joints for Steel Piping NPS 14 and Larger:  Carbon-steel fittings with 
weld end connections. 

a. Stainless-steel hoses and double-braid, stainless-steel sheaths with 165 
psig at 70 deg F and 120 psig at 600 deg F ratings. 

2.2 ALIGNMENT GUIDES AND ANCHORS 

A. Alignment Guides: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Flex-Hose Co., Inc. 
b. Flexicraft Industries. 
c. Metraflex, Inc. 

2. Description:  Steel, factory-fabricated alignment guide, with bolted two-section 
outer cylinder and base for attaching to structure; with two-section guiding spider 
for bolting to pipe. 

B. Anchor Materials: 

1. Steel Shapes and Plates:  ASTM A 36/A 36M. 
2. Bolts and Nuts:  ASME B18.10 or ASTM A 183, steel hex head. 
3. Washers:  ASTM F 844, steel, plain, flat washers. 
4. Mechanical Fasteners:  Insert-wedge-type stud with expansion plug anchor for 

use in hardened Portland cement concrete, with tension and shear capacities 
appropriate for application. 

a. Stud:  Threaded, zinc-coated carbon steel. 
b. Expansion Plug:  Zinc-coated steel. 
c. Washer and Nut:  Zinc-coated steel. 

5. Chemical Fasteners:  Insert-type-stud, bonding-system anchor for use with 
hardened Portland cement concrete, with tension and shear capacities 
appropriate for application. 
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a. Bonding Material:  ASTM C 881/C 881M, Type IV, Grade 3, two-
component epoxy resin suitable for surface temperature of hardened 
concrete where fastener is to be installed. 

b. Stud:  ASTM A 307, zinc-coated carbon steel with continuous thread on 
stud unless otherwise indicated. 

c. Washer and Nut:  Zinc-coated steel. 
PART 3 - EXECUTION 
3.1 EXPANSION-JOINT INSTALLATION 

A. Install expansion joints of sizes matching sizes of piping in which they are installed. 
3.2 PIPE LOOP AND SWING CONNECTION INSTALLATION 

A. Connect risers and branch connections to mains with at least five pipe fittings including 
tee in main. 

B. Connect risers and branch connections to terminal units with at least four pipe fittings 
including tee in riser. 

C. Connect mains and branch connections to terminal units with at least four pipe fittings 
including tee in main. 

3.3 ALIGNMENT-GUIDE AND ANCHOR INSTALLATION 

A. Install alignment guides to guide expansion and to avoid end-loading and torsional 
stress. 

B. Install two guide(s) on each side of pipe expansion fittings and loops.  Install guides 
nearest to expansion joint not more than four pipe diameters from expansion joint. 

C. Attach guides to pipe and secure guides to building structure. 

D. Install anchors at locations to prevent stresses from exceeding those permitted by 
ASME B31.9 and to prevent transfer of loading and stresses to connected equipment. 

E. Anchor Attachments: 

1. Anchor Attachment to Steel Pipe:  Attach by welding.  Comply with ASME B31.9 
and ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing 
Qualifications." 

2. Anchor Attachment to Copper Tubing:  Attach with pipe hangers.  Use MSS SP-
69, Type 24, U-bolts bolted to anchor. 

F. Fabricate and install steel anchors by welding steel shapes, plates, and bars.  Comply 
with ASME B31.9 and AWS D1.1/D1.1M. 

1. Anchor Attachment to Steel Structural Members:  Attach by welding. 
2. Anchor Attachment to Concrete Structural Members:  Attach by fasteners.  

Follow fastener manufacturer's written instructions. 

G. Use grout to form flat bearing surfaces for guides and anchors attached to concrete. 
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END OF SECTION 230516 
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SECTION 230523 - GENERAL-DUTY VALVES FOR HVAC PIPING 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Bronze angle valves. 
2. Bronze ball valves. 
3. Iron, single-flange butterfly valves. 
4. Bronze swing check valves. 
5. Iron gate valves. 

B. Related Sections: 
1. Division 23 HVAC piping Sections for specialty valves applicable to those 

Sections only. 
2. Division 23 Section "Identification for HVAC Piping and Equipment" for valve tags 

and schedules. 
1.3 DEFINITIONS 

A. CWP:  Cold working pressure. 

B. EPDM:  Ethylene propylene copolymer rubber. 

C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber. 

D. NRS:  Nonrising stem. 

E. OS&Y:  Outside screw and yoke. 

F. RS:  Rising stem. 

G. SWP:  Steam working pressure. 
1.4 SUBMITTALS 

A. Product Data:  For each type of valve indicated. 
1.5 QUALITY ASSURANCE 

A. Source Limitations for Valves:  Obtain each type of valve from single source from 
single manufacturer. 

B. ASME Compliance: 
1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design 

criteria. 
2. ASME B31.1 for power piping valves. 
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3. ASME B31.9 for building services piping valves. 
1.6 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 
1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, grooves, and weld ends. 
3. Set angle, gate, and globe valves closed to prevent rattling. 
4. Set ball and plug valves open to minimize exposure of functional surfaces. 
5. Set butterfly valves closed or slightly open. 
6. Block check valves in either closed or open position. 

B. Use the following precautions during storage: 
1. Maintain valve end protection. 
2. Store valves indoors and maintain at higher than ambient dew point temperature.  

If outdoor storage is necessary, store valves off the ground in watertight 
enclosures. 

C. Use sling to handle large valves; rig sling to avoid damage to exposed parts.  Do not 
use handwheels or stems as lifting or rigging points. 

PART 2 - PRODUCTS 
2.1 GENERAL REQUIREMENTS FOR VALVES 

A. Refer to HVAC valve schedule articles for applications of valves. 

B. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for 
system pressures and temperatures. 

C. Valve Sizes:  Same as upstream piping unless otherwise indicated. 

D. Valve Actuator Types: 
1. Gear Actuator:  For quarter-turn valves NPS 8 and larger. 
2. Handwheel:  For valves other than quarter-turn types. 
3. Handlever:  For quarter-turn valves NPS 6 and smaller. 
4. Wrench:  For plug valves with square heads.  Furnish Owner with 1 wrench for 

every 5 plug valves, for each size square plug-valve head. 
5. Chainwheel:  Device for attachment to valve handwheel, stem, or other actuator; 

of size and with chain for mounting height, as indicated in the "Valve Installation" 
Article. 

E. Valves in Insulated Piping:  With 2-inch stem extensions and the following features: 
1. Gate Valves:  With rising stem. 
2. Ball Valves:  With extended operating handle of non-thermal-conductive material, 

and protective sleeve that allows operation of valve without breaking the vapor 
seal or disturbing insulation. 

3. Butterfly Valves:  With extended neck. 

F. Valve-End Connections: 
1. Flanged:  With flanges according to ASME B16.1 for iron valves. 
2. Grooved:  With grooves according to AWWA C606. 
3. Solder Joint:  With sockets according to ASME B16.18. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 

 23 05 23 - 3 General-Duty Valves for HVAC Piping 

4. Threaded:  With threads according to ASME B1.20.1. 

G. Valve Bypass and Drain Connections:  MSS SP-45. 
2.2 BRONZE ANGLE VALVES 

A. Class 150, Bronze Angle Valves with Bronze Disc: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Crane Co.; Crane Valve Group; Stockham Division. 
b. Kitz Corporation. 

2. Description: 
a. Standard:  MSS SP-80, Type 1. 
b. CWP Rating:  300 psig. 
c. Body Material:  ASTM B 62, bronze with integral seat and union-ring 

bonnet. 
d. Ends:  Threaded. 
e. Stem and Disc:  Bronze. 
f. Packing:  Asbestos free. 
g. Handwheel:  Malleable iron. 

B. Class 150, Bronze Angle Valves with Nonmetallic Disc: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Milwaukee Valve Company. 
c. NIBCO INC. 

2. Description: 
a. Standard:  MSS SP-80, Type 2. 
b. CWP Rating:  300 psig. 
c. Body Material: ASTM B 62, bronze with integral seat and union-ring 

bonnet. 
d. Ends:  Threaded. 
e. Stem:  Bronze. 
f. Disc:  PTFE or TFE. 
g. Packing:  Asbestos free. 
h. Handwheel:  Malleable iron. 

2.3 BRONZE BALL VALVES 

A. Two-Piece, Full-Port, Bronze Ball Valves with Stainless-Steel Trim: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Milwaukee Valve Company. 
c. NIBCO INC. 

2. Description: 
a. Standard:  MSS SP-110. 
b. SWP Rating:  150 psig. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 

 23 05 23 - 4 General-Duty Valves for HVAC Piping 

c. CWP Rating:  600 psig. 
d. Body Design:  Two piece. 
e. Body Material:  Bronze. 
f. Ends:  Threaded. 
g. Seats:  PTFE or TFE. 
h. Stem:  Stainless steel. 
i. Ball:  Stainless steel, vented. 
j. Port:  Full. 

2.4 IRON, SINGLE-FLANGE BUTTERFLY VALVES 

A. 150 CWP, Iron, Single-Flange Butterfly Valves with NBR Seat and Aluminum-Bronze 
Disc: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Crane Co.; Crane Valve Group; Stockham Division. 
b. Milwaukee Valve Company. 
c. NIBCO INC. 

2. Description: 
a. Standard:  MSS SP-67, Type I. 
b. CWP Rating:  150 psig. 
c. Body Design:  Lug type; suitable for bidirectional dead-end service at rated 

pressure without use of downstream flange. 
d. Body Material:  ASTM A 126, cast iron or ASTM A 536, ductile iron. 
e. Seat:  NBR. 
f. Stem:  One- or two-piece stainless steel. 
g. Disc:  Aluminum bronze. 

2.5 BRONZE SWING CHECK VALVES 

A. Class 125, Bronze Swing Check Valves with Bronze Disc: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Milwaukee Valve Company. 
c. NIBCO INC. 

2. Description: 
a. Standard:  MSS SP-80, Type 3. 
b. CWP Rating:  200 psig. 
c. Body Design:  Horizontal flow. 
d. Body Material:  ASTM B 62, bronze. 
e. Ends:  Threaded. 
f. Disc:  Bronze. 

B. Class 150, Bronze Swing Check Valves with Bronze Disc: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Milwaukee Valve Company. 
b. NIBCO INC. 
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2. Description: 
a. Standard:  MSS SP-80, Type 3. 
b. CWP Rating:  300 psig. 
c. Body Design:  Horizontal flow. 
d. Body Material:  ASTM B 62, bronze. 
e. Ends:  Threaded. 
f. Disc:  Bronze. 

PART 3 - EXECUTION 
3.1 EXAMINATION 

A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  
Remove special packing materials, such as blocks, used to prevent disc movement 
during shipping and handling. 

B. Operate valves in positions from fully open to fully closed.  Examine guides and seats 
made accessible by such operations. 

C. Examine threads on valve and mating pipe for form and cleanliness. 

D. Examine mating flange faces for conditions that might cause leakage.  Check bolting 
for proper size, length, and material.  Verify that gasket is of proper size, that its 
material composition is suitable for service, and that it is free from defects and 
damage. 

E. Do not attempt to repair defective valves; replace with new valves. 
3.2 VALVE INSTALLATION 

A. Install valves with unions or flanges at each piece of equipment arranged to allow 
service, maintenance, and equipment removal without system shutdown. 

B. Locate valves for easy access and provide separate support where necessary. 

C. Install valves in horizontal piping with stem at or above center of pipe. 

D. Install valves in position to allow full stem movement. 

E. Install chainwheels on operators for ball butterfly gate globe and plug valves NPS 4 
and larger and more than 96 inches above floor.  Extend chains to 60 inches above 
finished floor. 

F. Install check valves for proper direction of flow and as follows: 
1. Swing Check Valves:  In horizontal position with hinge pin level. 
2. Center-Guided and Plate-Type Check Valves:  In horizontal or vertical position, 

between flanges. 
3. Lift Check Valves:  With stem upright and plumb. 
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3.3 ADJUSTING 

A. Adjust or replace valve packing after piping systems have been tested and put into 
service but before final adjusting and balancing.  Replace valves if persistent leaking 
occurs. 

3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. If valve applications are not indicated, use the following: 
1. Shutoff Service:  Ball, butterfly, or gate valves. 
2. Butterfly Valve Dead-End Service:  Single-flange (lug) type. 
3. Throttling Service:  Globe Globe or angle  or butterfly valves. 
4. Pump-Discharge Check Valves: 

a. NPS 2 and Smaller:  Bronze swing check valves with bronze disc. 
b. NPS 2-1/2 and Larger:  Iron swing check valves with lever and weight or 

with spring or iron, center-guided, resilient-seat check valves. 

B. If valves with specified SWP classes or CWP ratings are not available, the same types 
of valves with higher SWP classes or CWP ratings may be substituted. 

C. Select valves, except wafer types, with the following end connections: 
1. For Copper Tubing, NPS 2 and Smaller:  Threaded ends except where solder-

joint valve-end option is indicated in valve schedules below. 
2. For Copper Tubing, NPS 2-1/2 to NPS 4:  Flanged ends except where threaded 

valve-end option is indicated in valve schedules below. 
3. For Copper Tubing, NPS 5 and Larger:  Flanged ends. 
4. For Steel Piping, NPS 2 and Smaller:  Threaded ends. 
5. For Steel Piping, NPS 2-1/2 to NPS 4:  Flanged ends except where threaded 

valve-end option is indicated in valve schedules below. 
6. For Steel Piping, NPS 5 and Larger:  Flanged ends. 

END OF SECTION 230523 
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Equipment labels. 
2. Warning signs and labels. 
3. Pipe labels. 
4. Duct labels. 
5. Stencils. 
6. Valve tags. 
7. Warning tags. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the 
proposed content for each label. 

C. Valve numbering scheme. 

D. Valve Schedules:  For each piping system to include in maintenance manuals. 
1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and painting 
of surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 
PART 2 - PRODUCTS 
2.1 EQUIPMENT LABELS 

A. Metal Labels for Equipment: 
1. Material and Thickness:  Brass, 0.032-inch minimum thickness, and having 

predrilled or stamped holes for attachment hardware. 
2. Minimum Label Size:  Length and width vary for required label content, but not 

less than 2-1/2 by 3/4 inch. 
3. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 

24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately 
larger lettering for greater viewing distances.  Include secondary lettering two-
thirds to three-fourths the size of principal lettering. 
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4. Fasteners:  Stainless-steel rivets or self-tapping screws. 

B. Label Content:  Include equipment's Drawing designation or unique equipment number, 
drawing numbers where equipment is indicated (plans, details, and schedules), plus 
the Specification Section number and title where equipment is specified. 

C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-
inch bond paper.  Tabulate equipment identification number and identify Drawing 
numbers where equipment is indicated (plans, details, and schedules), plus the 
Specification Section number and title where equipment is specified.  Equipment 
schedule shall be included in operation and maintenance data. 

2.2 WARNING SIGNS AND LABELS 

A. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 
1/8 inch thick, and having predrilled holes for attachment hardware. 

B. Letter Color:  Black. 

C. Background Color: As per OSHA 

D. Maximum Temperature:  Able to withstand temperatures up to 160 deg F. 

E. Minimum Label Size:  Length and width vary for required label content, but not less 
than 2-1/2 by 3/4 inch. 

F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 
inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger 
lettering for greater viewing distances.  Include secondary lettering two-thirds to three-
fourths the size of principal lettering. 

G. Fasteners:  Stainless-steel rivets or self-tapping screws. 

H. Label Content:  Include caution and warning information, plus emergency notification 
instructions. 

2.3 PIPE LABELS 

A. General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, with 
lettering indicating service, and showing flow direction. 

B. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full 
circumference of pipe and to attach to pipe without fasteners or adhesive. 

C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-adhesive 
backing. 

D. Pipe Label Contents:  Include identification of piping service using same designations 
or abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction. 
1. Flow-Direction Arrows:  Integral with piping system service lettering to 

accommodate both directions, or as separate unit on each pipe label to indicate 
flow direction. 
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2. Lettering Size:  At least 1-1/2 inches high. 
2.4 DUCT LABELS 

A. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 
1/8 inch thick, and having predrilled holes for attachment hardware. 

B. Letter Color:  Black. 

C. Background Color: As per OSHA. 

D. Maximum Temperature:  Able to withstand temperatures up to 160 deg F. 

E. Minimum Label Size:  Length and width vary for required label content, but not less 
than 2-1/2 by 3/4 inch. 

F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 
inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger 
lettering for greater viewing distances.  Include secondary lettering two-thirds to three-
fourths the size of principal lettering. 

G. Fasteners:  Stainless-steel rivets or self-tapping screws. 

H. Duct Label Contents:  Include identification of duct service using same designations or 
abbreviations as used on Drawings, duct size, and an arrow indicating flow direction. 
1. Flow-Direction Arrows:  Integral with duct system service lettering to 

accommodate both directions, or as separate unit on each duct label to indicate 
flow direction. 

2. Lettering Size:  At least 1-1/2 inches high. 
2.5 STENCILS 

A. Stencils:  Prepared with letter sizes according to ASME A13.1 for piping; minimum 
letter height of 1-1/4 inches for ducts; and minimum letter height of 3/4 inch for access 
panel and door labels, equipment labels, and similar operational instructions. 
1. Stencil Material:  Fiberboard or metal. 
2. Stencil Paint:  Exterior, gloss, alkyd enamel black unless otherwise indicated.  

Paint may be in pressurized spray-can form. 
3. Identification Paint:  Exterior, alkyd enamel in colors according to ASME A13.1 

unless otherwise indicated. 
2.6 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation 
and 1/2-inch numbers. 
1. Tag Material:  Brass, 0.032-inch minimum thickness, and having predrilled or 

stamped holes for attachment hardware. 
2. Fasteners:  Brass wire-link or beaded chain; or S-hook. 

B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch bond paper.  Tabulate 
valve number, piping system, system abbreviation (as shown on valve tag), location of 
valve (room or space), normal-operating position (open, closed, or modulating), and 
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variations for identification.  Mark valves for emergency shutoff and similar special 
uses. 
1. Valve-tag schedule shall be included in operation and maintenance data. 
2. Provide wall mounted valve schedule under glass in the boiler room. 

2.7 WARNING TAGS 

A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags, of 
plasticized card stock with matte finish suitable for writing. 
1. Size:  Approximately 4 by 7 inches. 
2. Fasteners:  Brass grommet and wire Reinforced grommet and wire or string. 
3. Nomenclature:  Large-size primary caption such as "DANGER," "CAUTION," or 

"DO NOT OPERATE." 
4. Color:  Yellow background with black lettering. 

PART 3 - EXECUTION 
3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of 
identification devices, including dirt, oil, grease, release agents, and incompatible 
primers, paints, and encapsulants. 

3.2 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of mechanical equipment. 

B. Locate equipment labels where accessible and visible. 
3.3 PIPE LABEL INSTALLATION 

A. Piping Color-Coding:  Painting of piping is specified in Division 09 Section "Interior 
Painting." 

B. Stenciled Pipe Label Option:  Stenciled labels may be provided instead of 
manufactured pipe labels, at Installer's option.  Install stenciled pipe labels with 
painted, color-coded bands or rectangles on each piping system. 
1. Identification Paint:  Use for contrasting background. 
2. Stencil Paint:  Use for pipe marking. 

C. Locate pipe labels where piping is exposed or above accessible ceilings in finished 
spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and 
plenums; and exterior exposed locations as follows: 
1. Near each valve and control device. 
2. Near each branch connection, excluding short takeoffs for fixtures and terminal 

units.  Where flow pattern is not obvious, mark each pipe at branch. 
3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures. 
4. At access doors, manholes, and similar access points that permit view of 

concealed piping. 
5. Near major equipment items and other points of origination and termination. 
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6. Spaced at maximum intervals of 50 feet along each run.  Reduce intervals to 25 
feet in areas of congested piping and equipment. 

7. On piping above removable acoustical ceilings.  Omit intermediately spaced 
labels. 

D. Pipe Label Color Schedule: (as per ANSIA13.1 and OSHA requirements) 
3.4 DUCT LABEL INSTALLATION 

A. Install self-adhesive duct labels with permanent adhesive on air ducts in the following 
color codes: 
1. Blue:  For cold-air supply ducts. 
2. Yellow:  For hot-air supply ducts. 
3. Green:  For exhaust-, outside-, relief-, return-, and mixed-air ducts. 
4. ASME A13.1 Colors and Designs:  For hazardous material exhaust. 

B. Stenciled Duct Label Option:  Stenciled labels, showing service and flow direction, may 
be provided instead of plastic-laminated duct labels, at Installer's option, if lettering 
larger than 1 inch high is needed for proper identification because of distance from 
normal location of required identification. 

C. Locate labels near points where ducts enter into concealed spaces and at maximum 
intervals of 50 feet in each space where ducts are exposed or concealed by removable 
ceiling system. 

3.5 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check valves; 
valves within factory-fabricated equipment units; shutoff valves; faucets; convenience 
and lawn-watering hose connections; and HVAC terminal devices and similar roughing-
in connections of end-use fixtures and units.  List tagged valves in a valve schedule. 

B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color 
scheme and with captions similar to those indicated in the following subparagraphs: 
1. Valve-Tag Size and Shape: 

a. Chilled Water:  1-1/2 inches, round. 
b. Condenser Water:  1-1/2 inches, round. 
c. Refrigerant:  1-1/2 inches, round. 
d. Hot Water:  1-1/2 inches, round. 
e. Gas:  1-1/2 inches, round. 

2. Valve-Tag Color: 
a. Chilled Water:  Natural. 
b. Condenser Water:  Natural. 
c. Refrigerant:  Natural. 
d. Hot Water:  Natural. 
e. Gas:  Natural. 

3. Letter Color: 
a. Chilled Water:  Black. 
b. Condenser Water:  Black. 
c. Refrigerant:  Black. 
d. Hot Water:  Black. 
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e. Gas:  Black. 
3.6 WARNING-TAG INSTALLATION 

A. Write required message on, and attach warning tags to, equipment and other items 
where required. 

END OF SECTION 230553 
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Balancing Air Systems: 
a. Constant-volume air systems. 
b. Variable-air-volume systems. 

2. Balancing Hydronic Piping Systems: 
a. Variable-flow hydronic systems. 

1.3 DEFINITIONS 

A. AABC:  Associated Air Balance Council. 

B. NEBB:  National Environmental Balancing Bureau. 

C. TAB:  Testing, adjusting, and balancing. 

D. TABB:  Testing, Adjusting, and Balancing Bureau. 

E. TAB Specialist:  An entity engaged to perform TAB Work. 

1.4 SUBMITTALS 

A. Qualification Data:  Within 30 days of Contractor's Notice to Proceed, submit 
documentation that the TAB contractor and this Project's TAB team members meet the 
qualifications specified in "Quality Assurance" Article. 

B. Contract Documents Examination Report:  Within 30  days of Contractor's Notice to 
Proceed, submit the Contract Documents review report as specified in Part 3. 

C. Strategies and Procedures Plan:  Within 30 days of Contractor's Notice to Proceed, 
submit TAB strategies and step-by-step procedures as specified in "Preparation" Article. 

D. Certified TAB reports. 

E. Sample report forms. 

F. Instrument calibration reports, to include the following: 
1. Instrument type and make. 
2. Serial number. 
3. Application. 
4. Dates of use. 
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5. Dates of calibration. 
1.5 QUALITY ASSURANCE 

A. TAB Contractor Qualifications:  Engage a TAB entity certified by NEBB. 
1. TAB Field Supervisor:  Employee of the TAB contractor and certified by NEBB. 
2. TAB Technician:  Employee of the TAB contractor and who is certified by NEBB   

as a TAB technician. 

B. TAB Conference:  Meet with Owner’s representatives   on approval of the TAB strategies 
and procedures plan to develop a mutual understanding of the details.  Require the 
participation of the TAB field supervisor and technicians.  Provide seven days’ advance 
notice of scheduled meeting time and location. 
1. Agenda Items: 

a. The Contract Documents examination report. 
b. The TAB plan. 
c. Coordination and cooperation of trades and subcontractors. 
d. Coordination of documentation and communication flow. 

C. Certify TAB field data reports and perform the following: 
1. Review field data reports to validate accuracy of data and to prepare certified TAB 

reports. 
2. Certify that the TAB team complied with the approved TAB plan and the 

procedures specified and referenced in this Specification. 

D. TAB Report Forms:  Use standard TAB contractor's forms approved by Architect. 

E. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in 
ASHRAE 111, Section 5, "Instrumentation." 

F. Instrumentation Calibration:  Calibrate instruments at least every six months or more 
frequently if required by instrument manufacturer. 
1. Keep an updated record of instrument calibration that indicates date of calibration 

and the name of party performing instrument calibration. 

G. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 7.2.2 - 
"Air Balancing." 

H. ASHRAE/IESNA 90.1-2004 Compliance:  Applicable requirements in 
ASHRAE/IESNA 90.1-2004, Section 6.7.2.3 - "System Balancing." 

I. Work of this section shall be provided by a firm with a minimum of 10 years’ experience 
in testing and balancing of HVAC systems following procedures and guidelines of the 
National Environmental Balancing Bureau, and this specification.  

1.6 PROJECT CONDITIONS 

A. Full Owner Occupancy:  Owner will occupy the site and existing building during entire 
TAB period.  Cooperate with Owner during TAB operations to minimize conflicts with 
Owner's operations. 
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B. Partial Owner Occupancy:  Owner may occupy completed areas of building before 
Substantial Completion.  Cooperate with Owner during TAB operations to minimize 
conflicts with Owner's operations. 

1.7 COORDINATION 

A. Notice:  Provide seven days’ advance notice for each test.  Include scheduled test dates 
and times. 

B. Perform TAB after leakage and pressure tests on air and water distribution systems have 
been satisfactorily completed. 

1.8 WARRANTY 

A. National Project Performance Guarantee:  Provide a guarantee on AABC's "National 
Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning Systems" 
forms stating that AABC will assist in completing requirements of the Contract 
Documents if TAB firm fails to comply with the Contract Documents.  Guarantee includes 
the following provisions: 
1. The certified TAB firm has tested and balanced systems according to the Contract 

Documents. 
2. Systems are balanced to optimum performance capabilities within design and 

installation limits. 
3. Contractor shall hire a TAB firm registered and certified by the AABC. 

B. Special Guarantee:  Provide a guarantee on NEBB forms stating that NEBB will assist 
in completing requirements of the Contract Documents if TAB firm fails to comply with 
the Contract Documents.  Guarantee shall include the following provisions: 
1. The certified TAB firm has tested and balanced systems according to the Contract 

Documents. 
2. Systems are balanced to optimum performance capabilities within design and 

installation limits. 
3. Contractor shall hire a TAB firm registered and certified by the AABC. 

PART 2 - PRODUCTS (Not Applicable) 
PART 3 - EXECUTION 
3.1 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to 
discover conditions in systems' designs that may preclude proper TAB of systems and 
equipment. 

B. Examine systems for installed balancing devices, such as test ports, gage cocks, 
thermometer wells, flow-control devices, balancing valves and fittings, and manual 
volume dampers.  Verify that locations of these balancing devices are accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 
 

 23 05 93 - 4 Testing, Adjusting, and  
  Balancing for HVAC 

D. Examine design data including HVAC system descriptions, statements of design 
assumptions for environmental conditions and systems' output, and statements of 
philosophies and assumptions about HVAC system and equipment controls. 

E. Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air 
to verify that they meet the leakage class of connected ducts as specified in Division 23 
Section "Metal Ducts " and are properly separated from adjacent areas.  Verify that 
penetrations in plenum walls are sealed and fire-stopped if required. 

F. Examine equipment performance data including fan and pump curves. 
1. Relate performance data to Project conditions and requirements, including system 

effects that can create undesired or unpredicted conditions that cause reduced 
capacities in all or part of a system. 

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment 
when installed under conditions different from the conditions used to rate 
equipment performance.  To calculate system effects for air systems, use tables 
and charts found in AMCA 201, "Fans and Systems," or in SMACNA's "HVAC 
Systems - Duct Design."  Compare results with the design data and installed 
conditions. 

G. Examine system and equipment installations and verify that field quality-control testing, 
cleaning, and adjusting specified in individual Sections have been performed. 

H. Examine test reports specified in individual system and equipment Sections. 

I. Examine HVAC equipment and filters and verify that bearings are greased, belts are 
aligned and tight, and equipment with functioning controls is ready for operation. 

J. Examine terminal units, such as variable-air-volume boxes, and verify that they are 
accessible and their controls are connected and functioning. 

K. Examine strainers.  Verify that startup screens are replaced by permanent screens with 
indicated perforations. 

L. Examine three-way valves for proper installation for their intended function of diverting 
or mixing fluid flows. 

M. Examine system pumps to ensure absence of entrained air in the suction piping. 

N. Examine operating safety interlocks and controls on HVAC equipment. 

O. Report deficiencies discovered before and during performance of TAB procedures.  
Observe and record system reactions to changes in conditions.  Record default set points 
if different from indicated values. 

3.2 PREPARATION 

A. Prepare a TAB plan that includes strategies and step-by-step procedures. 

B. Complete system-readiness checks and prepare reports.  Verify the following: 
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1. Permanent electrical-power wiring is complete. 
2. Hydronic systems are filled, clean, and free of air. 
3. Automatic temperature-control systems are operational. 
4. Equipment and duct access doors are securely closed. 
5. Balance, smoke, and fire dampers are open. 
6. Isolating and balancing valves are open and control valves are operational. 
7. Ceilings are installed in critical areas where air-pattern adjustments are required 

and access to balancing devices is provided. 
8. Windows and doors can be closed so indicated conditions for system operations 

can be met. 
3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the procedures 
contained in    SMACNA's "HVAC Systems - Testing, Adjusting, and Balancing" and in 
this Section. 
1. Comply with requirements in ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing." 

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the 
minimum extent necessary for TAB procedures. 
1. After testing and balancing, install test ports and duct access doors that comply 

with requirements in Division 23 Section "Air Duct Accessories." 
2. Install and join new insulation that matches removed materials.  Restore insulation, 

coverings, vapor barrier, and finish according to Division 23 Section "HVAC 
Insulation." 

C. Mark equipment and balancing devices, including damper-control positions, valve 
position indicators, fan-speed-control levers, and similar controls and devices, with paint 
or other suitable, permanent identification material to show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) units. 
3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and 
recommended testing procedures.  Crosscheck the summation of required outlet 
volumes with required fan volumes. 

B. Prepare schematic diagrams of systems' "as-built" duct layouts. 

C. For variable-air-volume systems, develop a plan to simulate diversity. 

D. Determine the best locations in main and branch ducts for accurate duct-airflow 
measurements. 

E. Check airflow patterns from the outdoor-air louvers and dampers and the return- and 
exhaust-air dampers through the supply-fan discharge and mixing dampers. 

F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

G. Verify that motor starters are equipped with properly sized thermal protection. 
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H. Check dampers for proper position to achieve desired airflow path. 

I. Check for airflow blockages. 

J. Check condensate drains for proper connections and functioning. 

K. Check for proper sealing of air-handling-unit components. 

L. Verify that air duct system is sealed as specified in Division 23 Section "Metal Ducts." 
3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed 
listed by fan manufacturer. 
1. Measure total airflow. 

a. Where sufficient space in ducts is unavailable for Pitot-tube traverse 
measurements, measure airflow at terminal outlets and inlets and calculate 
the total airflow. 

2. Measure fan static pressures as follows to determine actual static pressure: 
a. Measure outlet static pressure as far downstream from the fan as practical 

and upstream from restrictions in ducts such as elbows and transitions. 
b. Measure static pressure directly at the fan outlet or through the flexible 

connection. 
c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the 

fan as possible, upstream from the flexible connection, and downstream from 
duct restrictions. 

d. Measure inlet static pressure of double-inlet fans through the wall of the 
plenum that houses the fan. 

3. Measure static pressure across each component that makes up an air-handling 
unit, rooftop unit, and other air-handling and -treating equipment. 
a. Report the cleanliness status of filters and the time static pressures are 

measured. 
4. Measure static pressures entering and leaving other devices, such as sound traps, 

heat-recovery equipment, and air washers, under final balanced conditions. 
5. Review Record Documents to determine variations in design static pressures 

versus actual static pressures.  Calculate actual system-effect factors.  
Recommend adjustments to accommodate actual conditions. 

6. Obtain approval from Architect    for adjustment of fan speed higher or lower than 
indicated speed.  Comply with requirements in Division 23 Sections for air-handling 
units for adjustment of fans, belts, and pulley sizes to achieve indicated air-
handling-unit performance. 

7. Do not make fan-speed adjustments that result in motor overload.  Consult 
equipment manufacturers about fan-speed safety factors.  Modulate dampers and 
measure fan-motor amperage to ensure that no overload will occur.  Measure 
amperage in full-cooling, full-heating, economizer, and any other operating mode 
to determine the maximum required brake horsepower. 

B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to 
indicated airflows within specified tolerances. 
1. Measure airflow of submain and branch ducts. 
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a. Where sufficient space in submain and branch ducts is unavailable for Pitot-
tube traverse measurements, measure airflow at terminal outlets and inlets 
and calculate the total airflow for that zone. 

2. Measure static pressure at a point downstream from the balancing damper, and 
adjust volume dampers until the proper static pressure is achieved. 

3. Remeasure each submain and branch duct after all have been adjusted.  Continue 
to adjust submain and branch ducts to indicated airflows within specified 
tolerances. 

C. Measure air outlets and inlets without making adjustments. 
1. Measure terminal outlets using a direct-reading hood or outlet manufacturer's 

written instructions and calculating factors. 

D. Adjust air outlets and inlets for each space to indicated airflows within specified 
tolerances of indicated values.  Make adjustments using branch volume dampers rather 
than extractors and the dampers at air terminals. 
1. Adjust each outlet in same room or space to within specified tolerances of indicated 

quantities without generating noise levels above the limitations prescribed by the 
Contract Documents. 

2. Adjust patterns of adjustable outlets for proper distribution without drafts. 
3.6 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS 

A. Compensating for Diversity:  When the total airflow of all terminal units is more than the 
indicated airflow of the fan, place a selected number of terminal units at a minimum set-
point airflow with the remainder at maximum-airflow condition until the total airflow of the 
terminal units equals the indicated airflow of the fan.  Select the reduced-airflow terminal 
units so they are distributed evenly among the branch ducts. 

B. Pressure-Independent, Variable-Air-Volume Systems:  After the fan systems have been 
adjusted, adjust the variable-air-volume systems as follows: 
1. Set outdoor-air dampers at minimum, and set return- and exhaust-air dampers at 

a position that simulates full-cooling load. 
2. Select the terminal unit that is most critical to the supply-fan airflow and static 

pressure.  Measure static pressure.  Adjust system static pressure so the entering 
static pressure for the critical terminal unit is not less than the sum of the terminal-
unit manufacturer's recommended minimum inlet static pressure plus the static 
pressure needed to overcome terminal-unit discharge system losses. 

3. Measure total system airflow.  Adjust to within indicated airflow. 
4. Set terminal units at maximum airflow and adjust controller or regulator to deliver 

the designed maximum airflow.  Use terminal-unit manufacturer's written 
instructions to make this adjustment.  When total airflow is correct, balance the air 
outlets downstream from terminal units the same as described for constant-volume 
air systems. 

5. Set terminal units at minimum airflow and adjust controller or regulator to deliver 
the designed minimum airflow.  Check air outlets for a proportional reduction in 
airflow the same as described for constant-volume air systems. 
a. If air outlets are out of balance at minimum airflow, report the condition but 

leave outlets balanced for maximum airflow. 
6. Remeasure the return airflow to the fan while operating at maximum return airflow 

and minimum outdoor airflow. 
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a. Adjust the fan and balance the return-air ducts and inlets the same as 
described for constant-volume air systems. 

7. Measure static pressure at the most critical terminal unit and adjust the static-
pressure controller at the main supply-air sensing station to ensure that adequate 
static pressure is maintained at the most critical unit. 

8. Record final fan-performance data. 
3.7 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports with pertinent design data, and number in sequence starting at 
pump to end of system.  Check the sum of branch-circuit flows against the approved 
pump flow rate.  Correct variations that exceed plus or minus 5 percent. 

B. Prepare schematic diagrams of systems' "as-built" piping layouts. 

C. Prepare hydronic systems for testing and balancing according to the following, in addition 
to the general preparation procedures specified above: 
1. Open all manual valves for maximum flow. 
2. Check liquid level in expansion tank. 
3. Check makeup water-station pressure gage for adequate pressure for highest 

vent. 
4. Check flow-control valves for specified sequence of operation, and set at indicated 

flow. 
5. Set differential-pressure control valves at the specified differential pressure.  Do 

not set at fully closed position when pump is positive-displacement type unless 
several terminal valves are kept open. 

6. Set system controls so automatic valves are wide open to heat exchangers. 
7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing 

device so motor nameplate rating is not exceeded. 
8. Check air vents for a forceful liquid flow exiting from vents when manually 

operated. 
3.8 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS 

A. Measure water flow at pumps.  Use the following procedures except for positive-
displacement pumps: 
1. Verify impeller size by operating the pump with the discharge valve closed.  Read 

pressure differential across the pump.  Convert pressure to head and correct for 
differences in gage heights.  Note the point on manufacturer's pump curve at zero 
flow and verify that the pump has the intended impeller size. 
a. If impeller sizes must be adjusted to achieve pump performance, obtain 

approval from Architect  and comply with requirements in Division 23 Section 
"Hydronic Pumps." 

2. Check system resistance.  With all valves open, read pressure differential across 
the pump and mark pump manufacturer's head-capacity curve.  Adjust pump 
discharge valve until indicated water flow is achieved. 
a. Monitor motor performance during procedures and do not operate motors in 

overload conditions. 
3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower 

for the system based on pump manufacturer's performance data.  Compare 
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calculated brake horsepower with nameplate data on the pump motor.  Report 
conditions where actual amperage exceeds motor nameplate amperage. 

4. Report flow rates that are not within plus or minus 10 percent of design. 

B. Measure flow at all automatic flow control valves to verify that valves are functioning as 
designed. 

C. Measure flow at all pressure-independent characterized control valves, with valves in 
fully open position, to verify that valves are functioning as designed. 

D. Set calibrated balancing valves, if installed, at calculated pre settings. 

E. Measure flow at all stations and adjust, where necessary, to obtain first balance. 
1. System components that have Cv rating or an accurately cataloged flow-pressure-

drop relationship may be used as a flow-indicating device. 

F. Measure flow at main balancing station and set main balancing device to achieve flow 
that is 5 percent greater than indicated flow. 

G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows: 
1. Determine the balancing station with the highest percentage over indicated flow. 
2. Adjust each station in turn, beginning with the station with the highest percentage 

over indicated flow and proceeding to the station with the lowest percentage over 
indicated flow. 

3. Record settings and mark balancing devices. 

H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, 
pump heads, and systems' pressures and temperatures including outdoor-air 
temperature. 

I. Measure the differential-pressure-control-valve settings existing at the conclusion of 
balancing. 

J. Check settings and operation of each safety valve.  Record settings. 

3.9 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS 

A. Balance systems with automatic two- and three-way control valves by setting systems 
at maximum flow through heat-exchange terminals and proceed as specified above for 
hydronic systems. 

3.10 PROCEDURES FOR HEAT-TRANSFER COILS 

A. Measure, adjust, and record the following data for each water coil: 
1. Entering- and leaving-water temperature. 
2. Water flow rate. 
3. Water pressure drop. 
4. Dry-bulb temperature of entering and leaving air. 
5. Wet-bulb temperature of entering and leaving air for cooling coils. 
6. Airflow. 
7. Air pressure drop. 
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B. Measure, adjust, and record the following data for each electric heating coil: 
1. Nameplate data. 
2. Airflow. 
3. Entering- and leaving-air temperature at full load. 
4. Voltage and amperage input of each phase at full load and at each incremental 

stage. 
5. Calculated kilowatt at full load. 
6. Fuse or circuit-breaker rating for overload protection. 

C. Measure, adjust, and record the following data for each steam coil: 
1. Dry-bulb temperature of entering and leaving air. 
2. Airflow. 
3. Air pressure drop. 
4. Inlet steam pressure. 

D. Measure, adjust, and record the following data for each refrigerant coil: 
1. Dry-bulb temperature of entering and leaving air. 
2. Wet-bulb temperature of entering and leaving air. 
3. Airflow. 
4. Air pressure drop. 
5. Refrigerant suction pressure and temperature. 

3.11 PROCEDURES FOR TEMPERATURE MEASUREMENTS 

A. During TAB, report the need for adjustment in temperature regulation within the 
automatic temperature-control system. 

B. Measure indoor wet- and dry-bulb temperatures every other hour for a period of two 
successive eight-hour days, in each separately controlled zone, to prove correctness of 
final temperature settings.  Measure when the building or zone is occupied. 

C. Measure outside-air, wet- and dry-bulb temperatures. 
3.12 TEMPERATURE-CONTROL VERIFICATION 

A. Verify that controllers are calibrated. 

B. Check transmitter and controller locations and note conditions that would adversely 
affect control functions. 

C. Record controller settings and note variances between set points and actual 
measurements. 

D. Check the operation of limiting controllers (i.e., high- and low-temperature controllers). 

E. Check free travel and proper operation of control devices such as damper and valve 
operators. 

F. Check the sequence of operation of control devices.  Note air pressures and device 
positions and correlate with airflow and water flow measurements.  Note the speed of 
response to input changes. 
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G. Check the interaction of electrically operated switch transducers. 

H. Check the interaction of interlock and lockout systems. 

I. Check main control supply-air pressure and observe compressor and dryer operations. 

J. Record voltages of power supply and controller output.  Determine whether the system 
operates on a grounded or nongrounded power supply. 

K. Note operation of electric actuators using spring return for proper fail-safe operations. 

3.13 TOLERANCES 

A. Set HVAC system's air flow rates and water flow rates within the following tolerances: 
1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus, or minus 10 

percent. 
2. Air Outlets and Inlets:  Plus, or minus 10 percent. 
3. Heating-Water Flow Rate:  Plus, or minus 10 percent. 
4. Cooling-Water Flow Rate:  Plus, or minus 10 percent. 

3.14 REPORTING 

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as 
specified in "Examination" Article, prepare a report on the adequacy of design for 
systems' balancing devices submitted within 30 days or written authorization to proceed.  
Recommend changes and additions to systems' balancing devices to facilitate proper 
performance measuring and balancing.  Recommend changes and additions to HVAC 
systems and general construction to allow access for performance measuring and 
balancing devices. 

B. Status Reports:  Prepare biweekly   progress reports to describe completed procedures, 
procedures in progress, and scheduled procedures.  Include a list of deficiencies and 
problems found in systems being tested and balanced.  Prepare a separate report for 
each system and each building floor for systems serving multiple floors. 

3.15 FINAL REPORT 

A. General:  Prepare a certified written report within 30 days of completion of balancing; 
tabulate and divide the report into separate sections for tested systems and balanced 
systems. 
1. Include a certification sheet at the front of the report's binder, signed and sealed 

by the certified testing and balancing engineer. 
2. Include a list of instruments used for procedures, along with proof of calibration. 

B. Final Report Contents:  In addition to certified field-report data, include the following: 
1. Pump curves. 
2. Fan curves. 
3. Manufacturers' test data. 
4. Field test reports prepared by system and equipment installers. 
5. Other information relative to equipment performance; do not include Shop 

Drawings and product data. 
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C. General Report Data:  In addition to form titles and entries, include the following data: 
1. Title page. 
2. Name and address of the TAB contractor. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of TAB supervisor who certifies the report. 
10. Table of Contents with the total number of pages defined for each section of the 

report.  Number each page in the report. 
11. Summary of contents including the following: 

a. Indicated versus final performance. 
b. Notable characteristics of systems. 
c. Description of system operation sequence if it varies from the Contract 

Documents. 
12. Nomenclature sheets for each item of equipment. 
13. Data for terminal units, including manufacturer's name, type, size, and fittings. 
14. Notes to explain why certain final data in the body of reports vary from indicated 

values. 
15. Test conditions for fans and pump performance forms including the following: 

a. Settings for outdoor-, return-, and exhaust-air dampers. 
b. Conditions of filters. 
c. Cooling coil, wet- and dry-bulb conditions. 
d. Face and bypass damper settings at coils. 
e. Fan drive settings including settings and percentage of maximum pitch 

diameter. 
f. Inlet vane settings for variable-air-volume systems. 
g. Settings for supply-air, static-pressure controller. 
h. Other system operating conditions that affect performance. 

D. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  
Present each system with single-line diagram and include the following: 
1. Quantities of outdoor, supply, return, and exhaust airflows. 
2. Water and steam flow rates. 
3. Duct, outlet, and inlet sizes. 
4. Pipe and valve sizes and locations. 
5. Terminal units. 
6. Balancing stations. 
7. Position of balancing devices. 

E. Fan Test Reports:  For supply, return, and exhaust fans, include the following: 
1. Fan Data: 

a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and size. 
e. Manufacturer's serial number. 
f. Arrangement and class. 
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g. Sheave make, size in inches, and bore. 
h. Center-to-center dimensions of sheave, and amount of adjustments in 

inches. 
2. Motor Data: 

a. Motor make, and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches, and bore. 
f. Center-to-center dimensions of sheave, and amount of adjustments in 

inches. 
g. Number, make, and size of belts. 

3. Test Data (Indicated and Actual Values): 
a. Total airflow rate in cfm. 
b. Total system static pressure in inches wg. 
c. Fan rpm. 
d. Discharge static pressure in inches wg. 
e. Suction static pressure in inches wg. 

F. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a diagram with a 
grid representing the duct cross-section and record the following: 
1. Report Data: 

a. System and air-handling-unit number. 
b. Location and zone. 
c. Traverse air temperature in deg F. 
d. Duct static pressure in inches wg. 
e. Duct size in inches. 
f. Duct area in sq. ft. 
g. Indicated air flow rate in cfm. 
h. Indicated velocity in fpm. 
i. Actual air flow rate in cfm. 
j. Actual average velocity in fpm. 
k. Barometric pressure in psig. 

G. Air-Terminal-Device Reports: 
1. Unit Data: 

a. System and air-handling unit identification. 
b. Location and zone. 
c. Apparatus used for test. 
d. Area served. 
e. Make. 
f. Number from system diagram. 
g. Type and model number. 
h. Size. 
i. Effective area in sq. ft. 

2. Test Data (Indicated and Actual Values): 
a. Air flow rate in cfm. 
b. Air velocity in fpm. 
c. Preliminary air flow rate as needed in cfm. 
d. Preliminary velocity as needed in fpm. 
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e. Final air flow rate in cfm. 
f. Final velocity in fpm. 
g. Space temperature in deg F. 

H. System-Coil Reports:  For reheat coils and water coils of terminal units, include the 
following: 
1. Unit Data: 

a. System and air-handling-unit identification. 
b. Location and zone. 
c. Room or riser served. 
d. Coil make and size. 
e. Flowmeter type. 

2. Test Data (Indicated and Actual Values): 
a. Air flow rate in cfm. 
b. Entering-water temperature in deg F. 
c. Leaving-water temperature in deg F. 
d. Water pressure drop in feet of head or psig. 
e. Entering-air temperature in deg F. 
f. Leaving-air temperature in deg F. 

I. Instrument Calibration Reports: 
1. Report Data: 

a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 
e. Dates of calibration. 

3.16 INSPECTIONS 

A. Initial Inspection: 
1. After testing and balancing are complete, operate each system and randomly 

check measurements to verify that the system is operating according to the final 
test and balance readings documented in the final report. 

2. Check the following for each system: 
a. Measure airflow of at least 10 percent of air outlets. 
b. Measure water flow of at least 5 percent of terminals. 
c. Measure room temperature at each thermostat/temperature sensor.  

Compare the reading to the set point. 
d. Verify that balancing devices are marked with final balance position. 
e. Note deviations from the Contract Documents in the final report. 

B. Final Inspection: 
1. After initial inspection is complete and documentation by random checks verifies 

that testing and balancing are complete and accurately documented in the final 
report, request that a final inspection be made by Owner. 

2. The TAB contractor's test and balance engineer shall conduct the inspection in the 
presence of Owner. 

3.  Owner   shall randomly select measurements, documented in the final report, to 
be rechecked.  Rechecking shall be limited to either 10 percent of the total 
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measurements recorded or the extent of measurements that can be accomplished 
in a normal 8-hour business day. 

4. If rechecks yield measurements that differ from the measurements documented in 
the final report by more than the tolerances allowed, the measurements shall be 
noted as "FAILED." 

5. If the number of "FAILED" measurements is greater than 10 percent of the total 
measurements checked during the final inspection, the testing and balancing shall 
be considered incomplete and shall be rejected. 

C. TAB Work will be considered defective if it does not pass final inspections.  If TAB Work 
fails, proceed as follows: 
1. Recheck all measurements and make adjustments.  Revise the final report and 

balancing device settings to include all changes; resubmit the final report and 
request a second final inspection. 

2. If the second final inspection also fails, Owner may contract the services of another 
TAB contractor to complete TAB Work according to the Contract Documents and 
deduct the cost of the services from the original TAB contractor's final payment. 

D. Prepare test and inspection reports. 
3.17 ADDITIONAL TESTS 

A. Within 90 days of completing TAB, perform additional TAB to verify that balanced 
conditions are being maintained throughout and to correct unusual conditions. 

B. Seasonal Periods:  If initial TAB procedures were not performed during near-peak 
summer and winter conditions, perform additional TAB during near-peak summer and 
winter conditions. 

END OF SECTION 230593 
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SECTION 230713 - DUCT INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section.  

1.2 SUMMARY 
A. Section includes insulating the following duct services: 

1. Indoor concealed ductwork and plenums 
2. Indoor exposed ductwork. 

B. Related Sections: 
1. Section 230716 "HVAC Equipment Insulation." 
2. Section 230719 "HVAC Piping Insulation." 
3. Section 233113 "Metal Ducts" for duct liners. 

1.3 ACTION SUBMITTALS 
A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-

vapor permeance thickness, and jackets (both factory- and field-applied if any). 
B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other 

work. 
1. Detail application of protective shields, saddles, and inserts at hangers for each 

type of insulation and hanger. 
2. Detail insulation application at elbows, fittings, dampers, specialties, and flanges 

for each type of insulation. 
3. Detail application of field-applied jackets. 
4. Detail application at linkages of control devices. 

1.4 INFORMATIONAL SUBMITTALS 
A. Qualification Data:  For qualified Installer. 
B. Material Test Reports:  From a qualified testing agency acceptable to authorities 

having jurisdiction indicating, interpreting, and certifying test results for compliance of 
insulation materials, sealers, attachments, cements, and jackets, with requirements 
indicated.  Include dates of tests and test methods employed. 

1.5 QUALITY ASSURANCE 
A. Installer Qualifications:  Skilled mechanics who have successfully completed an 

apprenticeship program or another craft training program certified by the Department of 
Labor, Bureau of Apprenticeship and Training. 

B. Surface-Burning Characteristics:  For insulation and related materials, as determined 
by testing identical products according to ASTM E 84, by a testing agency acceptable 
to authorities having jurisdiction.  Factory label insulation and jacket materials and 
adhesive, mastic, tapes, and cement material containers, with appropriate markings of 
applicable testing agency. 
1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-

developed index of 50 or less. 
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1.6 DELIVERY, STORAGE, AND HANDLING 
A. Packaging:  Insulation material containers shall be marked by manufacturer with 

appropriate ASTM standard designation, type and grade, and maximum use 
temperature. 

B. Comply with the requirements of the construction indoor air quality management plan 
and the construction waste management plan.  

1.7 COORDINATION 
A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 

Section 230529 "Hangers and Supports for HVAC Piping and Equipment." 
B. Coordinate clearance requirements with duct Installer for duct insulation application.  

Before preparing ductwork Shop Drawings, establish and maintain clearance 
requirements for installation of insulation and field-applied jackets and finishes and for 
space required for maintenance. 

C. Coordinate installation and testing of heat tracing. 

1.8 SCHEDULING 
A. Schedule insulation application after pressure testing systems and, where required, 

after installing and testing heat tracing.  Insulation application may begin on segments 
that have satisfactory test results. 

PART 2 - PRODUCTS 

2.1 PRODUCT REQUIREMENTS FOR SUSTAINABLE DESIGN- GENERAL  
A. All field applied paints, coatings, sealants, sealer, adhesives in this section shall meet 

the requirements of VOC limits in 016116- Indoor Finishes Performance Requirements. 
B. All Products in this Section shall be free of Materials of Concern as noted in 015721-

Indoor Air Quality Control (where achievable).  

2.2 INSULATION MATERIALS 
A. Comply with requirements in "Duct Insulation Schedule, General," and "Indoor Duct 

and Plenum Insulation Schedule," articles for where insulating materials shall be 
applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 
C. Products that come in contact with stainless steel shall have a leachable chloride 

content of less than 50 ppm when tested according to ASTM C 871. 
D. Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a thermosetting 

resin.  Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-
applied FSK jacket.  Factory-applied jacket requirements are specified in "Factory-
Applied Jackets" Article. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. CertainTeed Corp.; SoftTouch Duct Wrap. 
b. Johns Manville; Microlite. 
c. Knauf Insulation; Friendly Feel Duct Wrap. 
d. Owens Corning; SOFTR All-Service Duct Wrap. 

E. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a thermosetting 
resin.  Comply with ASTM C 612, Type IA or Type IB.  For duct and plenum 
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applications, provide insulation with factory-applied FSK jacket.  Factory-applied jacket 
requirements are specified in "Factory-Applied Jackets" Article. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. CertainTeed Corp.; Commercial Board. 
b. Fibrex Insulations Inc.; FBX. 
c. Johns Manville; 800 Series Spin-Glas. 
d. Knauf Insulation; Insulation Board. 
e. Manson Insulation Inc.; AK Board. 
f. Owens Corning; Fiberglas 700 Series. 

2.3 ADHESIVES 
A. Materials shall be compatible with insulation materials, jackets, and substrates and for 

bonding insulation to itself and to surfaces to be insulated unless otherwise indicated. 
B. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-127.Eagle Bridges - Marathon Industries; 225. 
b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-60/85-70.Mon-Eco Industries, Inc.; 22-25. 
2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
3. Adhesive shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 

C. FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding 
insulation jacket lap seams and joints. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-82. 
b. Eagle Bridges - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-50.Mon-Eco Industries, Inc.; 22-25. 
2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
3. Adhesive shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 

2.4 MASTICS 
A. Materials shall be compatible with insulation materials, jackets, and substrates; comply 

with MIL-PRF-19565C, Type II. 
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1. For indoor applications, use mastics that have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below ambient services. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 30-80/30-90. 
b. Vimasco Corporation; 749. 

2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-
mil dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 
5. Color:  White. 

C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below ambient 
services. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-30. 
b. Eagle Bridges - Marathon Industries; 501. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 30-35. 
d. Mon-Eco Industries, Inc.; 55-10. 

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 35-mil dry film thickness. 
3. Service Temperature Range:  0 to 180 deg F. 
4. Solids Content:  ASTM D 1644, 44 percent by volume and 62 percent by weight. 
5. Color:  White. 

D. Breather Mastic:  Water based; suitable for indoor and outdoor use on above ambient 
services. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-10. 
b. Eagle Bridges - Marathon Industries; 550. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 46-50. 
d. Mon-Eco Industries, Inc.; 55-50. 
e. Vimasco Corporation; WC-1/WC-5. 

2. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms at 0.0625-inch dry film 
thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
4. Solids Content:  60 percent by volume and 66 percent by weight. 
5. Color:  White. 

2.5 LAGGING ADHESIVES 
A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with 

insulation materials, jackets, and substrates. 
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1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L 
or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-50 AHV2.Foster Brand, Specialty Construction 
Brands, Inc., a business of H. B. Fuller Company; 30-36. 

b. Vimasco Corporation; 713 and 714. 
3. Fire-resistant, water-based lagging adhesive and coating for use indoors to 

adhere fire-resistant lagging cloths over duct insulation. 
4. Service Temperature Range:  0 to plus 180 deg F. 
5. Color:  White. 

2.6 SEALANTS 
A. FSK and Metal Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-76.Eagle Bridges - Marathon Industries; 405. 
b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 95-44. 
c. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
5. Color:  Aluminum. 
6. For indoor applications, sealants shall have a VOC content of 420 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
7. Sealants shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 

2.7 FACTORY-APPLIED JACKETS 
A. Insulation system schedules indicate factory-applied jackets on various applications.  

When factory-applied jackets are indicated, comply with the following or approved 
equal: 
1. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 

complying with ASTM C 1136, Type II. 

2.8 TAPES 
A. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic 

adhesive; complying with ASTM C 1136. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. ABI, Ideal Tape Division; 491 AWF FSK. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827. 
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c. Compac Corporation; 110 and 111. 
d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ. 

2. Width:  3 inches. 
3. Thickness:  6.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 

2.9 SECUREMENTS 
A. Bands: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. ITW Insulation Systems; Gerrard Strapping and Seals. 
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs. 

2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304; 0.015 inch 
thick, 1/2 inch wide with wing seal or closed seal. 

3. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 
inch thick, 1/2 inch wide with wing seal or closed seal. 

4. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted 
to accept metal bands.  Spring size determined by manufacturer for application. 

B. Insulation Pins and Hangers: 
1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed 

for capacitor-discharge welding, 0.106-inch- diameter shank, length to suit depth 
of insulation indicated. 

a. Products:  Subject to compliance with requirements, available products that 
may be incorporated into the Work include, but are not limited to, the 
following or approved equal: 
1) AGM Industries, Inc.; CWP-1. 
2) GEMCO; CD. 
3) Midwest Fasteners, Inc.; CD. 
4) Nelson Stud Welding; TPA, TPC, and TPS. 

2. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel 
pin, fully annealed for capacitor-discharge welding, 0.106-inch- diameter shank, 
length to suit depth of insulation indicated with integral 1-1/2-inch galvanized 
carbon-steel washer. 
a. Products:  Subject to compliance with requirements, available products that 

may be incorporated into the Work include, but are not limited to, the 
following or approved equal: 
1) AGM Industries, Inc.; CHP-1. 
2) GEMCO; Cupped Head Weld Pin. 
3) Midwest Fasteners, Inc.; Cupped Head. 
4) Nelson Stud Welding; CHP. 

3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate 
welded to projecting spindle that is capable of holding insulation, of thickness 
indicated, securely in position indicated when self-locking washer is in place.  
Comply with the following requirements: 
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a. Products:  Subject to compliance with requirements, available products that 
may be incorporated into the Work include, but are not limited to, the 
following or approved equal: 
1) AGM Industries, Inc.; Tactoo Perforated Base Insul-Hangers. 
2) GEMCO; Perforated Base. 
3) Midwest Fasteners, Inc.; Spindle. 

b. Baseplate:  Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 
2 inches square. 

c. Spindle:  Copper- or zinc-coated, low-carbon steel, fully annealed, 0.106-
inch- diameter shank, length to suit depth of insulation indicated. 

d. Adhesive:  Recommended by hanger manufacturer.  Product with 
demonstrated capability to bond insulation hanger securely to substrates 
indicated without damaging insulation, hangers, and substrates. 

4. Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate 
fastened to projecting spindle that is capable of holding insulation, of thickness 
indicated, securely in position indicated when self-locking washer is in place.  
Comply with the following requirements: 
a. Products:  Subject to compliance with requirements, available products that 

may be incorporated into the Work include, but are not limited to, the 
following or approved equal: 
1) GEMCO; Nylon Hangers. 
2) Midwest Fasteners, Inc.; Nylon Insulation Hangers. 

b. Baseplate:  Perforated, nylon sheet, 0.030 inch thick by 1-1/2 inches in 
diameter. 

c. Spindle:  Nylon, 0.106-inch- diameter shank, length to suit depth of 
insulation indicated, up to 2-1/2 inches. 

d. Adhesive:  Recommended by hanger manufacturer.  Product with 
demonstrated capability to bond insulation hanger securely to substrates 
indicated without damaging insulation, hangers, and substrates. 

5. Self-Sticking-Base Insulation Hangers:  Baseplate welded to projecting spindle 
that is capable of holding insulation, of thickness indicated, securely in position 
indicated when self-locking washer is in place.  Comply with the following 
requirements: 
a. Products:  Subject to compliance with requirements, available products that 

may be incorporated into the Work include, but are not limited to, the 
following or approved equal: 
1) AGM Industries, Inc.; Tactoo Self-Adhering Insul-Hangers. 
2) GEMCO; Peel & Press. 
3) Midwest Fasteners, Inc.; Self Stick. 

b. Baseplate:  Galvanized carbon-steel sheet, 0.030 inch thick by 2 inches 
square. 

c. Spindle:  Copper- or zinc-coated, low-carbon steel, fully annealed, 0.106-
inch- diameter shank, length to suit depth of insulation indicated. 

d. Adhesive-backed base with a peel-off protective cover. 
6. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- 

thick, galvanized-steel sheet, with beveled edge sized as required to hold 
insulation securely in place but not less than 1-1/2 inches in diameter. 
a. Products:  Subject to compliance with requirements, available products that 

may be incorporated into the Work include, but are not limited to, the 
following or approved equal: 
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1) AGM Industries, Inc.; RC-150. 
2) GEMCO; R-150. 
3) Midwest Fasteners, Inc.; WA-150. 
4) Nelson Stud Welding; Speed Clips. 

b. Protect ends with capped self-locking washers incorporating a spring steel 
insert to ensure permanent retention of cap in exposed locations. 

C. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel 
or Monel. 

D. Wire:  0.062-inch soft-annealed, stainless steel. 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following or approved equal: 
a. C & F Wire. 

2.10 CORNER ANGLES 
A. PVC Corner Angles:  30 mils thick, minimum 1 by 1 inch, PVC according to 

ASTM D 1784, Class 16354-C.  White or color-coded to match adjacent surface. 
B. Aluminum Corner Angles:  0.040 inch thick, minimum 1 by 1 inch, aluminum according 

to ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14. 
C. Stainless-Steel Corner Angles:  0.024 inch thick, minimum 1 by 1-inch, stainless steel 

according to ASTM A 167 or ASTM A 240/A 240M, Type 304. 

PART 3 - EXECUTION 

3.1 EXAMINATION 
A. Examine substrates and conditions for compliance with requirements for installation 

tolerances and other conditions affecting performance of insulation application. 
1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 
A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials 

that will adversely affect insulation application. 

3.3 GENERAL INSTALLATION REQUIREMENTS 
A. Install insulation materials, accessories, and finishes with smooth, straight, and even 

surfaces, free of voids throughout the length of ducts and fittings. 
B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses 

required for each item of duct system as specified in insulation system schedules. 
C. Install accessories compatible with insulation materials and suitable for the service.  

Install accessories that do not corrode, soften, or otherwise attack insulation or jacket 
in either wet or dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 
E. Install multiple layers of insulation with longitudinal and end seams staggered. 
F. Keep insulation materials dry during application and finishing. 
G. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints 

with adhesive recommended by insulation material manufacturer. 
H. Install insulation with least number of joints practical. 
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I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at 
hangers, supports, anchors, and other projections with vapor-barrier mastic. 
1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on 

anchor legs from point of attachment to supported item to point of attachment to 
structure.  Taper and seal ends at attachment to structure with vapor-barrier 
mastic. 

3. Install insert materials and install insulation to tightly join the insert.  Seal 
insulation to insulation inserts with adhesive or sealing compound recommended 
by insulation material manufacturer. 

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate 
and wet and dry film thicknesses. 

K. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- wide strips, of same material as 

insulation jacket.  Secure strips with adhesive and outward clinching staples 
along both edges of strip, spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches.  Clean and dry surface to 
receive self-sealing lap.  Staple laps with outward clinching staples along edge at 
4 inches o.c. 

a. For below ambient services, apply vapor-barrier mastic over staples. 
4. Cover joints and seams with tape, according to insulation material manufacturer's 

written instructions, to maintain vapor seal. 
5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and 

joints and at ends adjacent to duct flanges and fittings. 
L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its 

nominal thickness. 
M. Finish installation with systems at operating conditions.  Repair joint separations and 

cracking due to thermal movement. 
N. Repair damaged insulation facings by applying same facing material over damaged 

areas.  Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and 
seal patches similar to butt joints. 

3.4 PENETRATIONS 
A. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire 

Rated):  Install insulation continuously through walls and partitions. 
B. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Terminate 

insulation at fire damper sleeves for fire-rated wall and partition penetrations.  
Externally insulate damper sleeves to match adjacent insulation and overlap duct 
insulation at least 2 inches. 
1. Comply with requirements in Section 078413 "Penetration 

Firestopping"irestopping and fire-resistive joint sealers. 

3.5 INSTALLATION OF MINERAL-FIBER INSULATION 
A. Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive and 

insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage rates per 

unit area. 
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2. Apply adhesive to entire circumference of ducts (except top horizontal surface of 
rectangular ducts) and to all surfaces of fittings and transitions. 

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides 
of vertical ducts as follows: 

a. On duct sides with dimensions 18 inches and smaller, place pins along 
longitudinal centerline of duct.  Space 3 inches maximum from insulation 
end joints, and 16 inches o.c. 

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches 
o.c. each way, and 3 inches maximum from insulation joints.  Install 
additional pins to hold insulation tightly against surface at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums. 

d. Do not over compress insulation during installation. 
e. Impale insulation over pins and attach speed washers. 
f. Cut excess portion of pins extending beyond speed washers or bend 

parallel with insulation surface.  Cover exposed pins and washers with tape 
matching insulation facing. 

4. For ducts and plenums with surface temperatures below ambient, install a 
continuous unbroken vapor barrier.  Create a facing lap for longitudinal seams 
and end joints with insulation by removing 2 inches from one edge and one end 
of insulation segment.  Secure laps to adjacent insulation section with 1/2-inch 
outward-clinching staples, 1-inch o.c.  Install vapor barrier consisting of factory- 
or field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, 
seams, and protrusions. 
a. Repair punctures, tears, and penetrations with tape or mastic to maintain 

vapor-barrier seal. 
b. Install vapor stops for ductwork and plenums operating below 50 deg F at 

18-foot intervals.  Vapor stops shall consist of vapor-barrier mastic applied 
in a Z-shaped pattern over insulation face, along butt end of insulation, and 
over the surface.  Cover insulation face and surface to be insulated a width 
equal to two times the insulation thickness, but not less than 3 inches. 

5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end 
joints.  At end joints, secure with steel bands spaced a maximum of 18 inches 
o.c. 

6. Install insulation on rectangular duct elbows and transitions with a full insulation 
section for each surface.  Install insulation on round and flat-oval duct elbows 
with individually mitered gores cut to fit the elbow. 

7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation 
surface with 6-inch- wide strips of same material used to insulate duct.  Secure 
on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches 
o.c. 

B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and 
insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage rates per 

unit area. 
2. Apply adhesive to entire circumference of ducts (except top horizontal surface of 

rectangular duct) and to all surfaces of fittings and transitions. 
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3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides 
of vertical ducts as follows: 

a. On duct sides with dimensions 18 inches and smaller, place pins along 
longitudinal centerline of duct.  Space 3 inches maximum from insulation 
end joints, and 16 inches o.c. 

b. On duct sides with dimensions larger than 18 inches, space pins 16 inches 
o.c. each way, and 3 inches maximum from insulation joints.  Install 
additional pins to hold insulation tightly against surface at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums. 

d. Do not over compress insulation during installation. 
e. Cut excess portion of pins extending beyond speed washers or bend 

parallel with insulation surface.  Cover exposed pins and washers with tape 
matching insulation facing. 

4. For ducts and plenums with surface temperatures below ambient, install a 
continuous unbroken vapor barrier.  Create a facing lap for longitudinal seams 
and end joints with insulation by removing 2 inches from one edge and one end 
of insulation segment.  Secure laps to adjacent insulation section with 1/2-inch 
outward-clinching staples, 1-inch o.c.  Install vapor barrier consisting of factory- 
or field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, 
seams, and protrusions. 

a. Repair punctures, tears, and penetrations with tape or mastic to maintain 
vapor-barrier seal. 

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 
18-foot intervals.  Vapor stops shall consist of vapor-barrier mastic applied 
in a Z-shaped pattern over insulation face, along butt end of insulation, and 
over the surface.  Cover insulation face and surface to be insulated a width 
equal to two times the insulation thickness, but not less than 3 inches. 

5. Install insulation on rectangular duct elbows and transitions with a full insulation 
section for each surface.  Groove and score insulation to fit as closely as 
possible to outside and inside radius of elbows.  Install insulation on round and 
flat-oval duct elbows with individually mitered gores cut to fit the elbow. 

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation 
surface with 6-inch- wide strips of same material used to insulate duct.  Secure 
on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches 
o.c. 

3.6 DUCT INSULATION SCHEDULE, GENERAL 
A. Items Not Insulated: 

1. Fibrous-glass ducts. 
2. Metal ducts with duct liner of sufficient thickness to comply with energy code and 

ASHRAE/IESNA 90.1. 
3. Factory-insulated flexible ducts. 
4. Factory-insulated plenums and casings. 
5. Flexible connectors. 
6. Vibration-control devices. 
7. Factory-insulated access panels and doors. 
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8. Exhaust and transfer ducts connected to exhaust or transfer fans. 

3.7 INDOOR DUCT AND PLENUM INSULATION SCHEDULE 
A. All ductwork (supply, return, outside air and relief air) concealed inside building 

envelope in unconditioned spaces shall be insulated as follows: 
1. Mineral-Fiber Blanket:  1-1/2 inches thick and 1.5-lb/cu. ft. nominal density. 

B. All concealed outside air intake and relief air plenums shall be insulated as follows: 
1. Mineral-Fiber Board:  2 inches thick and 3-lb/cu. ft. nominal density. 

C. All exposed ductwork (Supply, return, outside air intake and relief air) exposed inside 
building envelope shall be insulated as follows: 
 
1. Mineral-Fiber Board:  1-1/2 inches thick and 3-lb/cu. ft. nominal density. 

END OF SECTION 230713 
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SECTION 230719 - HVAC PIPING INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section.  

1.2 SUMMARY 
A. Section includes insulating the following HVAC piping systems: 

1. Condensate drain piping, indoors and outdoors. 
2. Glycol-water piping, indoors and outdoors. 
3. Heating hot-water piping, indoors. 
4. Steam and steam condensate piping, indoors. 
5. Refrigerant suction piping, indoors and outdoors. 

B. Related Sections: 
1. Section 230713 "Duct Insulation." 
2. Section 230716 "HVAC Equipment Insulation." 

1.3 ACTION SUBMITTALS 
A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-

vapor permeance thickness, and jackets (both factory and field applied if any). 
B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other 

work. 
1. Detail application of protective shields, saddles, and inserts at hangers for each 

type of insulation and hanger. 
2. Detail insulation application at pipe expansion joints for each type of insulation. 
3. Detail insulation application at elbows, fittings, flanges, valves, and specialties for 

each type of insulation. 
4. Detail removable insulation at piping specialties. 
5. Detail application of field-applied jackets. 
6. Detail application at linkages of control devices. 

1.4 INFORMATIONAL SUBMITTALS 
A. Qualification Data:  For qualified Installer. 

1.5 QUALITY ASSURANCE 
A. Installer Qualifications:  Skilled mechanics who have successfully completed an 

apprenticeship program or another craft training program certified by the Department of 
Labor, Bureau of Apprenticeship and Training. 

B. Surface-Burning Characteristics:  For insulation and related materials, as determined 
by testing identical products according to ASTM E 84, by a testing and inspecting 
agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket 
materials and adhesive, mastic, tapes, and cement material containers, with 
appropriate markings of applicable testing agency. 
1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-

developed index of 50 or less. 
2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-

developed index of 150 or less. 
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1.6 DELIVERY, STORAGE, AND HANDLING 
A. Packaging:  Insulation material containers shall be marked by manufacturer with 

appropriate ASTM standard designation, type and grade, and maximum use 
temperature. 

B. Comply with the requirements of the construction indoor air quality management plan 
and the construction waste management plan.  

1.7 COORDINATION 
A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 

Section 230529 "Hangers and Supports for HVAC Piping and Equipment." 
B. Coordinate clearance requirements with piping Installer for piping insulation 

application.  Before preparing piping Shop Drawings, establish and maintain clearance 
requirements for installation of insulation and field-applied jackets and finishes and for 
space required for maintenance. 

1.8 SCHEDULING 
A. Schedule insulation application after pressure testing systems and, where required, 

after installing and testing heat tracing.  Insulation application may begin on segments 
that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 
A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping 

Insulation Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and 
"Outdoor, Underground Piping Insulation Schedule" articles for where insulating 
materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 
C. Foam insulation materials shall not use CFC or HCFC blowing agents in the 

manufacturing process. 
D. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  

Comply with ASTM C 534, Type I for tubular materials. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Aeroflex USA, Inc.; Aerocel. 
b. Armacell LLC; AP Armaflex. 
c. K-Flex USA; Insul-Lock, Insul-Tube, and K-FLEX LS. 

E. Mineral-Fiber, Preformed Pipe Insulation: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Johns Manville; Micro-Lok. 
b. Knauf Insulation; 1000-Degree Pipe Insulation. 
c. Owens Corning; Fiberglas Pipe Insulation. 

2. Type I, 850 deg F Materials:  Mineral or glass fibers bonded with a thermosetting 
resin.  Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ.  
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Factory-applied jacket requirements are specified in "Factory-Applied Jackets" 
Article. 

2.2 INSULATING CEMENTS 
A. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Ramco Insulation, Inc.; Super-Stik. 

B. Expanded or Exfoliated Vermiculite Insulating Cement:  Comply with ASTM C 196. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Ramco Insulation, Inc.; Thermokote V. 

C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with 
ASTM C 449. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote. 

2.3 ADHESIVES 
A. Materials shall be compatible with insulation materials, jackets, and substrates and for 

bonding insulation to itself and to surfaces to be insulated unless otherwise indicated. 
B. Flexible Elastomeric Adhesive:  Comply with MIL-A-24179A, Type II, Class I. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Aeroflex USA, Inc.; Aeroseal. 
b. Armacell LLC; Armaflex 520 Adhesive. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-75. 
d. K-Flex USA; R-373 Contact Adhesive. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 

C. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-127. 
b. Eagle Bridges  - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-60/85-70. 
d. Mon-Eco Industries, Inc.; 22-25. 
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2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 

D. ASJ Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation 
jacket lap seams and joints. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-82. 
b. Eagle Bridges  - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-50. 
d. Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 

E. PVC Jacket Adhesive:  Compatible with PVC jacket. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Dow Corning Corporation; 739, Dow Silicone. 
b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding 

Adhesive. 
c. P.I.C. Plastics, Inc.; Welding Adhesive. 
d. Speedline Corporation; Polyco VP Adhesive. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 

2.4 MASTICS 
A. Materials shall be compatible with insulation materials, jackets, and substrates; comply 

with MIL-PRF-19565C, Type II. 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below-ambient services. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 30-80/30-90. 
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b. Vimasco Corporation; 749. 
2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-

mil dry film thickness. 
3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 
5. Color:  White. 

C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below-ambient 
services. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-30. 
b. Eagle Bridges  - Marathon Industries; 501. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 30-35. 
d. Mon-Eco Industries, Inc.; 55-10. 

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 35-mil dry film thickness. 
3. Service Temperature Range:  0 to 180 deg F. 
4. Solids Content:  ASTM D 1644, 44 percent by volume and 62 percent by weight. 
5. Color:  White. 

D. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below-ambient 
services. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; Encacel. 
b. Eagle Bridges  - Marathon Industries; 570. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 60-95/60-96. 
2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 30-mil dry film thickness. 
3. Service Temperature Range:  Minus 50 to plus 220 deg F. 
4. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent by weight. 
5. Color:  White. 

E. Breather Mastic:  Water based; suitable for indoor and outdoor use on above-ambient 
services. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-10. 
b. Eagle Bridges  - Marathon Industries; 550. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 46-50. 
d. Mon-Eco Industries, Inc.; 55-50. 
e. Vimasco Corporation; WC-1/WC-5. 

2. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms at 0.0625-inch dry film 
thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
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4. Solids Content:  60 percent by volume and 66 percent by weight. 
5. Color:  White. 

2.5 LAGGING ADHESIVES 
A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with 

insulation materials, jackets, and substrates. 
1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L 

or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
2. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-50 AHV2. 
b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 30-36. 
c. Vimasco Corporation; 713 and 714. 

3. Fire-resistant, water-based lagging adhesive and coating for use indoors to 
adhere fire-resistant lagging cloths over pipe insulation. 

4. Service Temperature Range:  0 to plus 180 deg F. 
5. Color:  White. 

2.6 SEALANTS 
A. Metal Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-76. 
b. Eagle Bridges  - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 95-44. 
d. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
5. Color:  Aluminum. 
6. For indoor applications, sealants shall have a VOC content of 420 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
7. Sealants shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 

B. ASJ Flashing Sealants and PVC Jacket Flashing Sealants: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-76. 
2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
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4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
5. Color:  White. 
6. For indoor applications, sealants shall have a VOC content of 420 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
7. Sealants shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 

2.7 FACTORY-APPLIED JACKETS 
A. Insulation system schedules indicate factory-applied jackets on various applications.  

When factory-applied jackets are indicated, comply with the following or approved 
equal: 
1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 

complying with ASTM C 1136, Type I. 
2. Vinyl Jacket:  White vinyl with a permeance of 1.3 perms when tested according 

to ASTM E 96/E 96M, Procedure A, and complying with NFPA 90A and 
NFPA 90B. 

2.8 FIELD-APPLIED JACKETS 
A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise 

indicated. 
B. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 

Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and 
forming.  Thickness is indicated in field-applied jacket schedules. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Johns Manville; Zeston. 
b. P.I.C. Plastics, Inc.; FG Series. 
c. Proto Corporation; LoSmoke. 
d. Speedline Corporation; SmokeSafe. 

2. Adhesive:  As recommended by jacket material manufacturer. 
3. Color:  White. 
4. Factory-fabricated fitting covers to match jacket if available; otherwise, field 

fabricate. 
a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, 

flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical 
joints, and P-trap and supply covers for lavatories. 

C. Metal Jacket: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; Metal Jacketing Systems. 
b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing. 
c. RPR Products, Inc.; Insul-Mate. 

2. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005, 
Temper H-14. 
a.  Factory cut and rolled to size. 
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b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Indoor Applications:  1-mil- thick, heat-bonded 

polyethylene and kraft paper. 
d. Moisture Barrier for Outdoor Applications:  3-mil- thick, heat-bonded 

polyethylene and kraft paper. 
e. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius 

elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are 

not available. 

2.9 TAPES 
A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic 

adhesive, complying with ASTM C 1136. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. ABI, Ideal Tape Division; 428 AWF ASJ. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836. 
c. Compac Corporation; 104 and 105. 
d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ. 

2. Width:  3 inches. 
3. Thickness:  11.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 

B. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic 
adhesive; suitable for indoor and outdoor applications. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. ABI, Ideal Tape Division; 370 White PVC tape. 
b. Compac Corporation; 130. 
c. Venture Tape; 1506 CW NS. 

2. Width:  2 inches. 
3. Thickness:  6 mils. 
4. Adhesion:  64 ounces force/inch in width. 
5. Elongation:  500 percent. 
6. Tensile Strength:  18 lbf/inch in width. 

2.10 SECUREMENTS 
A. Bands: 
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1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following or 
approved equal: 
a. ITW Insulation Systems; Gerrard Strapping and Seals. 
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs. 

2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M,; 0.015 inch thick, 1/2 inch 
wide with wing seal or closed seal. 

3. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 
inch thick, 1/2 inch wide with wing seal or closed seal. 

4. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted 
to accept metal bands.  Spring size determined by manufacturer for application. 

B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel 
or Monel. 

C. Wire:  0.062-inch soft-annealed, stainless steel. 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following or approved equal: 
a. C & F Wire. 

PART 3 - EXECUTION 

3.1 EXAMINATION 
A. Examine substrates and conditions for compliance with requirements for installation 

tolerances and other conditions affecting performance of insulation application. 
1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 
3. Proceed with installation only after unsatisfactory conditions have been 

corrected. 

3.2 PREPARATION 
A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials 

that will adversely affect insulation application. 
B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, 

apply a corrosion coating to insulated surfaces as follows: 
1. Carbon Steel:  Coat carbon steel operating at a service temperature between 32 

and 300 deg F with an epoxy coating.  Consult coating manufacturer for 
appropriate coating materials and application methods for operating temperature 
range. 

C. Mix insulating cements with clean potable water; if insulating cements are to be in 
contact with stainless-steel surfaces, use demineralized water. 

3.3 GENERAL INSTALLATION REQUIREMENTS 
A. Install insulation materials, accessories, and finishes with smooth, straight, and even 

surfaces; free of voids throughout the length of piping including fittings, valves, and 
specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses 
required for each item of pipe system as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service.  
Install accessories that do not corrode, soften, or otherwise attack insulation or jacket 
in either wet or dry state. 
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D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 
E. Install multiple layers of insulation with longitudinal and end seams staggered. 
F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and 

specialties. 
G. Keep insulation materials dry during application and finishing. 
H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints 

with adhesive recommended by insulation material manufacturer. 
I. Install insulation with least number of joints practical. 
J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at 

hangers, supports, anchors, and other projections with vapor-barrier mastic. 
1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on 

anchor legs from point of attachment to supported item to point of attachment to 
structure.  Taper and seal ends at attachment to structure with vapor-barrier 
mastic. 

3. Install insert materials and install insulation to tightly join the insert.  Seal 
insulation to insulation inserts with adhesive or sealing compound recommended 
by insulation material manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation.  Install 
shields over jacket, arranged to protect jacket from tear or puncture by hanger, 
support, and shield. 

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate 
and wet and dry film thicknesses. 

L. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- wide strips, of same material as 

insulation jacket.  Secure strips with adhesive and outward clinching staples 
along both edges of strip, spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches.  Install insulation with 
longitudinal seams at bottom of pipe.  Clean and dry surface to receive self-
sealing lap.  Staple laps with outward clinching staples along edge at 4 inches 
o.c. 
a. For below-ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape, according to insulation material manufacturer's 
written instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and 
joints and at ends adjacent to pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its 
nominal thickness. 

N. Finish installation with systems at operating conditions.  Repair joint separations and 
cracking due to thermal movement. 

O. Repair damaged insulation facings by applying same facing material over damaged 
areas.  Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and 
seal patches similar to butt joints. 

P. For above-ambient services, do not install insulation to the following: 
1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
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6. Cleanouts. 

3.4 PENETRATIONS 
A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof 

penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof 

surface and seal with joint sealant.  For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends.  Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below 
top of roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 
B. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation 

continuously through wall penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation inside wall 

surface and seal with joint sealant.  For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends.  Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing 
at least 2 inches. 

4. Seal jacket to wall flashing with flashing sealant. 
C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire 

Rated):  Install insulation continuously through walls and partitions. 
D. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation 

continuously through penetrations of fire-rated walls and partitions. 
1. Comply with requirements in Section 078413 "Penetration Firestopping" for 

firestopping and fire-resistive joint sealers. 
E. Insulation Installation at Floor Penetrations: 

1. Pipe:  Install insulation continuously through floor penetrations. 
2. Seal penetrations through fire-rated assemblies.  Comply with requirements in 

Section 078413 "Penetration Firestopping." 

3.5 GENERAL PIPE INSULATION INSTALLATION 
A. Requirements in this article generally apply to all insulation materials except where 

more specific requirements are specified in various pipe insulation material installation 
articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 
1. Install insulation over fittings, valves, strainers, flanges, unions, and other 

specialties with continuous thermal and vapor-retarder integrity unless otherwise 
indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made 
from same material and density as adjacent pipe insulation.  Each piece shall be 
butted tightly against adjoining piece and bonded with adhesive.  Fill joints, 
seams, voids, and irregular surfaces with insulating cement finished to a smooth, 
hard, and uniform contour that is uniform with adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of 
same material and thickness as used for adjacent pipe.  Cut sectional pipe 
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insulation to fit.  Butt each section closely to the next and hold in place with tie 
wire.  Bond pieces with adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe.  Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker.  For valves, insulate up to 
and including the bonnets, valve stuffing-box studs, bolts, and nuts.  Fill joints, 
seams, and irregular surfaces with insulating cement. 

5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe.  Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker.  Fill joints, seams, and 
irregular surfaces with insulating cement.  Insulate strainers so strainer basket 
flange or plug can be easily removed and replaced without damaging the 
insulation and jacket.  Provide a removable reusable insulation cover.  For below-
ambient services, provide a design that maintains vapor barrier. 

6. Insulate flanges and unions using a section of oversized preformed pipe 
insulation.  Overlap adjoining pipe insulation by not less than two times the 
thickness of pipe insulation, or one pipe diameter, whichever is thicker. 

7. Cover segmented insulated surfaces with a layer of finishing cement and coat 
with a mastic.  Install vapor-barrier mastic for below-ambient services and a 
breather mastic for above-ambient services.  Reinforce the mastic with fabric-
reinforcing mesh.  Trowel the mastic to a smooth and well-shaped contour. 

8. For services not specified to receive a field-applied jacket except for flexible 
elastomeric, install fitted PVC cover over elbows, tees, strainers, valves, flanges, 
and unions.  Terminate ends with PVC end caps.  Tape PVC covers to adjoining 
insulation facing using PVC tape. 

9. Stencil or label the outside insulation jacket of each union with the word "union."  
Match size and color of pipe labels. 

C. Insulate instrument connections for thermometers, pressure gages, pressure 
temperature taps, test connections, flow meters, sensors, switches, and transmitters on 
insulated pipes.  Shape insulation at these connections by tapering it to and around the 
connection with insulating cement and finish with finishing cement, mastic, and flashing 
sealant. 

D. Install removable insulation covers at locations indicated.  Installation shall conform to 
the following: 
1. Make removable flange and union insulation from sectional pipe insulation of 

same thickness as that on adjoining pipe.  Install same insulation jacket as 
adjoining pipe insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend 
insulation from flanges or union long at least two times the insulation thickness 
over adjacent pipe insulation on each side of flange or union.  Secure flange 
cover in place with stainless-steel or aluminum bands.  Select band material 
compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges, 
except divide the two-part section on the vertical center line of valve body. 

4. When covers are made from block insulation, make two halves, each consisting 
of mitered blocks wired to stainless-steel fabric.  Secure this wire frame, with its 
attached insulation, to flanges with tie wire.  Extend insulation at least 2 inches 
over adjacent pipe insulation on each side of valve.  Fill space between flange or 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 
 

 23 07 19 - 13 HVAC Piping Insulation 

union cover and pipe insulation with insulating cement.  Finish cover assembly 
with insulating cement applied in two coats.  After first coat is dry, apply and 
trowel second coat to a smooth finish. 

5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed 
surfaces with a metal jacket. 

3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 
A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to 

eliminate openings in insulation that allow passage of air to surface being insulated. 
B. Insulation Installation on Pipe Flanges: 

1. Install pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of sheet 
insulation of same thickness as pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's recommended 
adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's recommended 

adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed valve covers manufactured of same material as pipe insulation 

when available. 
2. When preformed valve covers are not available, install cut sections of pipe and 

sheet insulation to valve body.  Arrange insulation to permit access to packing 
and to allow valve operation without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow passage of 
air to surface being insulated. 

3.7 INSTALLATION OF MINERAL-FIBER INSULATION 
A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of preformed pipe insulation to pipe with wire or bands and 
tighten bands without deforming insulation materials. 

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 
protrusions with vapor-barrier mastic and joint sealant. 

3. For insulation with factory-applied jackets on above-ambient surfaces, secure 
laps with outward-clinched staples at 6 inches o.c. 

4. For insulation with factory-applied jackets on below-ambient surfaces, do not 
staple longitudinal tabs.  Instead, secure tabs with additional adhesive as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 
1. Install preformed pipe insulation to outer diameter of pipe flange. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 
 

 23 07 19 - 14 HVAC Piping Insulation 

2. Make width of insulation section same as overall width of flange and bolts, plus 
twice the thickness of pipe insulation. 

3. Fill voids between inner circumference of flange insulation and outer 
circumference of adjacent straight pipe segments with mineral-fiber blanket 
insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap 
seams at least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install preformed sections of same material as straight segments of pipe 

insulation when available. 
2. When preformed insulation elbows and fittings are not available, install mitered 

sections of pipe insulation, to a thickness equal to adjoining pipe insulation.  
Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed sections of same material as straight segments of pipe 

insulation when available. 
2. When preformed sections are not available, install mitered sections of pipe 

insulation to valve body. 
3. Arrange insulation to permit access to packing and to allow valve operation 

without disturbing insulation. 
4. Install insulation to flanges as specified for flange insulation application. 

3.8 FIELD-APPLIED JACKET INSTALLATION 
A. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and 

end joints, for horizontal applications.  Seal with manufacturer's recommended 
adhesive. 
1. Apply two continuous beads of adhesive to seams and joints, one bead under lap 

and the finish bead along seam and joint edge. 
B. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and 

end joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with 
weatherproof sealant recommended by insulation manufacturer.  Secure jacket with 
stainless-steel bands 12 inches o.c. and at end joints. 

3.9 FINISHES 
A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two 

coats of insulation manufacturer's recommended protective coating. 
B. Do not field paint aluminum or stainless-steel jackets. 

3.10 PIPING INSULATION SCHEDULE, GENERAL 
A. Acceptable preformed pipe and tubular insulation materials and thicknesses are 

identified for each piping system and pipe size range.  If more than one material is 
listed for a piping system, selection from materials listed is Contractor's option. 

B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the 
following: 
1. Drainage piping located in crawl spaces. 
2. Underground piping. 
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury. 

3.11 INDOOR PIPING INSULATION SCHEDULE 
A. Condensate and Equipment Drain Water below 60 Deg F: 
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1. All Pipe Sizes:  Insulation shall be one of the following: 
a. Flexible Elastomeric:  3/4 inch thick. 
b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1/2 inch thick. 

 
B. Heating-Hot-Water Supply and Return with and without glycol, 200 Deg F and Below:  

1. NPS 1.5” and Smaller:  Insulation shall be the following: 
a. Mineral-Fiber, Preformed Pipe, Type I:  2 inches thick. 

2. NPS 2” and Larger:  Insulation shall be the following: 
a. Mineral-Fiber, Preformed Pipe, Type I:  2 inches thick. 

3.12 INDOOR, FIELD-APPLIED JACKET SCHEDULE 
A. Install jacket over insulation material.  For insulation with factory-applied jacket, install 

the field-applied jacket over the factory-applied jacket. 
B. If more than one material is listed, selection from materials listed is Contractor's option. 
C. Piping, Concealed (Fittings only): 

1. PVC:  20 mils thick. 
D. Piping, Exposed (Fittings only): 

1. PVC:  20 mils thick. 

3.13 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 
A. Install jacket over insulation material.  For insulation with factory-applied jacket, install 

the field-applied jacket over the factory-applied jacket. 
B. If more than one material is listed, selection from materials listed is Contractor's option. 
C. Piping, Exposed: 

1. Aluminum, Smooth with Z-Shaped Locking Seam:  0.020 inch thick. 

END OF SECTION 230719 





2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 
 

 23 09 00 - 1 Instrumentation and Control for HVAC 

SECTION 230900 - INSTRUMENTATION AND CONTROL FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 
A. This Section includes control equipment for HVAC systems and components, including 

control components for terminal heating and cooling units not supplied with factory-
wired controls. 

B. Related Sections include the following: 
1. Division 23 Section "Meters and Gages for HVAC Piping" for measuring 

equipment that relates to this Section. 
2. Division 23 Section "Sequence of Operations for HVAC Controls" for 

requirements that relate to this Section. 

1.3 DEFINITIONS 
A. DDC:  Direct digital control. 
B. I/O:  Input/output. 
C. LonWorks:  A control network technology platform for designing and implementing 

interoperable control devices and networks. 
D. MS/TP:  Master slave/token passing. 
E. PC:  Personal computer. 
F. PID:  Proportional plus integral plus derivative. 
G. RTD:  Resistance temperature detector. 

1.4 SYSTEM PERFORMANCE 
A. Comply with the following performance requirements: 

1. Graphic Display:  Display graphic with minimum 20 dynamic points with current 
data within 10 seconds. 

2. Graphic Refresh:  Update graphic with minimum 20 dynamic points with current 
data within 8 seconds. 

3. Object Command:  Reaction time of less than two seconds between operator 
command of a binary object and device reaction. 

4. Object Scan:  Transmit change of state and change of analog values to control 
units or workstation within six seconds. 

5. Alarm Response Time:  Annunciate alarm at workstation within 45 seconds.  
Multiple workstations must receive alarms within five seconds of each other. 

6. Program Execution Frequency:  Run capability of applications as often as five 
seconds but selected consistent with mechanical process under control. 

7. Performance:  Programmable controllers shall execute DDC PID control loops, 
and scan and update process values and outputs at least once per second. 

8. Reporting Accuracy and Stability of Control:  Report values and maintain 
measured variables within tolerances as follows: 
a. Water Temperature:  Plus, or minus 1 deg F. 
b. Water Flow:  Plus, or minus 5 percent of full scale. 
c. Water Pressure:  Plus, or minus 2 percent of full scale. 
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d. Space Temperature:  Plus, or minus 1 deg F. 
e. Ducted Air Temperature:  Plus, or minus 1 deg F. 
f. Outside Air Temperature:  Plus, or minus 2 deg F. 
g. Dew Point Temperature:  Plus, or minus 3 deg F. 
h. Temperature Differential:  Plus, or minus 0.25 deg F. 
i. Relative Humidity:  Plus, or minus 5 percent. 
j. Airflow (Pressurized Spaces):  Plus, or minus 3 percent of full scale. 
k. Airflow (Measuring Stations):  Plus, or minus 5 percent of full scale. 
l. Airflow (Terminal):  Plus, or minus 10 percent of full scale. 
m. Air Pressure (Space):  Plus, or minus 0.01-inch wg. 
n. Air Pressure (Ducts):  Plus, or minus 0.1-inch wg. 
o. Carbon Monoxide:  Plus, or minus 5 percent of reading. 
p. Carbon Dioxide:  Plus, or minus 50 ppm. 
q. Electrical:  Plus, or minus 5 percent of reading. 

1.5 SEQUENCE OF OPERATION 
A. Refer to Section 230993. 

1.6 SUBMITTALS 
A. Product Data:  Include manufacturer's technical literature for each control device.  

Indicate dimensions, capacities, performance characteristics, electrical characteristics, 
finishes for materials, and installation and startup instructions for each type of product 
indicated. 
1. DDC System Hardware:  Bill of materials of equipment indicating quantity, 

manufacturer, and model number.  Include technical data for operator 
workstation equipment, interface equipment, control units, 
transducers/transmitters, sensors, actuators, valves, relays/switches, control 
panels, and operator interface equipment. 

2. Control System Software:  Include technical data for operating system software, 
operator interface, color graphics, and other third-party applications. 

3. Controlled Systems:  Instrumentation list with element name, type of device, 
manufacturer, model number, and product data.  Include written description of 
sequence of operation including schematic diagram. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of 
each field connection. 
1. Bill of materials of equipment indicating quantity, manufacturer, and model 

number. 
2. Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and 

control devices. 
3. Wiring Diagrams:  Power, signal, and control wiring. 
4. Details of control panel faces, including controls, instruments, and labeling. 
5. Schedule of dampers including size, leakage, and flow characteristics. 
6. Schedule of valves including flow characteristics. 
7. DDC System Hardware: 

a. Wiring diagrams for control units with termination numbers. 
b. Schematic diagrams and floor plans for field sensors and control hardware. 
c. Schematic diagrams for control, communication, and power wiring, 

showing trunk data conductors and wiring between operator workstation 
and control unit locations. 
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8. Control System Software:  List of color graphics indicating monitored systems, 
data (connected and calculated) point addresses, output schedule, and operator 
notations. 

9. Controlled Systems: 
a. Schematic diagrams of each controlled system with control points labeled 

and control elements graphically shown, with wiring. 
b. Scaled drawings showing mounting, routing, and wiring of elements 

including bases and special construction. 
c. Written description of sequence of operation including schematic diagram. 
d. Points list. 

C. Data Communications Protocol Certificates:  Certify that each proposed DDC system 
component complies with ASHRAE 135. 

D. Data Communications Protocol Certificates:  Certify that each proposed DDC system 
component complies with LonWorks. 

E. Samples for Initial Selection:  For each color required, of each type of thermostat or 
sensor cover with factory-applied color finishes. 

F. Samples for Verification:  For each color required, of each type of thermostat or sensor 
cover. 

G. Software and Firmware Operational Documentation:  Include the following: 
1. Software operating and upgrade manuals. 
2. Program Software Backup:  On a magnetic media or compact disc, complete with 

data files. 
3. Device address list. 
4. Printout of software application and graphic screens. 
5. Software license required by and installed for DDC workstations and control 

systems. 
H. Software Upgrade Kit:  For Owner to use in modifying software to suit future systems 

revisions or monitoring and control revisions. 
I. Qualification Data:  For Installer and manufacturer. 
J. Field quality-control test reports. 
K. Operation and Maintenance Data:  For HVAC instrumentation and control system to 

include in emergency, operation, and maintenance manuals.  In addition to items 
specified in Division 01 Section "Operation and Maintenance Data," include the 
following: 
1. Maintenance instructions and lists of spare parts for each type of control device 

and compressed-air station. 
2. Interconnection wiring diagrams with identified and numbered system 

components and devices. 
3. Keyboard illustrations and step-by-step procedures indexed for each operator 

function. 
4. Inspection period, cleaning methods, cleaning materials recommended, and 

calibration tolerances. 
5. Calibration records and list of set points. 

1.7 QUALITY ASSURANCE 
A. Installer Qualifications:  Automatic control system manufacturer's authorized 

representative who is trained and approved for installation of system components 
required for this Project. 
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B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 

C. Comply with ASHRAE 135 for DDC system components. 

1.8 DELIVERY, STORAGE, AND HANDLING 
A. Factory-Mounted Components:  Where control devices specified in this Section are 

indicated to be factory mounted on equipment, arrange for shipping of control devices 
to equipment manufacturer. 

B. System Software:  Update to latest version of software at Project completion. 

1.9 COORDINATION 
A. Coordinate location of thermostats, humidistats, and other exposed control sensors 

with plans and room details before installation. 
B. Coordinate equipment with Division 28 Section "Intrusion Detection" to achieve 

compatibility with equipment that interfaces with that system and with building master 
clock. 

C. Coordinate equipment with Division 28 Section "Access Control" to achieve 
compatibility with equipment that interfaces with that system. 

D. Coordinate equipment with Division 27 Section "Clock Systems" to achieve 
compatibility with equipment that interfaces with that system. 

E. Coordinate equipment with Division 28 Section "PLC Electronic Detention Monitoring 
and Control Systems" to achieve compatibility with equipment that interfaces with that 
system. 

F. Coordinate equipment with Division 26 Section "Network Lighting Controls" to achieve 
compatibility with equipment that interfaces with that system. 

G. Coordinate equipment with Division 28 Section "Fire Detection and Alarm" to achieve 
compatibility with equipment that interfaces with that system. 

H. Coordinate supply of conditioned electrical branch circuits for control units and operator 
workstation. 

I. Coordinate equipment with Division 26 Section "Electrical Power Monitoring and 
Control" to achieve compatibility of communication interfaces. 

J. Coordinate equipment with Division 26 Section "Panelboards" to achieve compatibility 
with starter coils and annunciation devices. 

K. Coordinate equipment with Division 26 Section "Motor-Control Centers" to achieve 
compatibility with motor starters and annunciation devices. 

L. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  
Concrete, reinforcement, and formwork requirements are specified in Division 03 
Section "Cast-in-Place Concrete." 

1.10 EXTRA MATERIALS 
A. Furnish extra materials described below that match products installed and that are 

packaged with protective covering for storage and identified with labels describing 
contents. 
1. Maintenance Materials:  One thermostat adjusting key(s). 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 
A. In other Part 2 articles where titles below introduce lists, the following requirements 

apply to product selection: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, manufacturers specified. 

2. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 CONTROL SYSTEM 
A. Available Contractors: 

1. TBS Controls The existing Chester High School Building Management System is 
maintained by TBS Controls, 12E Commerce Drive, Ballston, NY 12020-3631 
(518-885-4444).  It is the intent to incorporate the control system for the new 
equipment into the existing control system.         

B. Control system shall consist of sensors, indicators, actuators, final control elements, 
interface equipment, other apparatus, and accessories to control mechanical systems. 

C. Control system shall consist of sensors, indicators, actuators, final control elements, 
interface equipment, other apparatus, accessories, and software connected to 
distributed controllers operating in multiuser, multitasking environment on token-
passing network and programmed to control mechanical systems.  An operator 
workstation permits interface with the network via dynamic color graphics with each 
mechanical system, building floor plan, and control device depicted by point-and-click 
graphics. 

D. Control Units:  Modular, comprising processor board with programmable, nonvolatile, 
random-access memory; local operator access and display panel; integral interface 
equipment; and backup power source. 
1. Units monitor or control each I/O point; process information; execute commands 

from other control units, devices, and operator stations; and download from or 
upload to operator workstation or diagnostic terminal unit. 

2. Stand-alone mode control functions operate regardless of network status.  
Functions include the following: 
a. Global communications. 
b. Discrete/digital, analog, and pulse I/O. 
c. Monitoring, controlling, or addressing data points. 
d. Software applications, scheduling, and alarm processing. 
e. Testing and developing control algorithms without disrupting field hardware 

and controlled environment. 
3. Standard Application Programs: 

a. Electric Control Programs:  Demand limiting, duty cycling, automatic time 
scheduling, start/stop time optimization, night setback/setup, on-off control 
with differential sequencing, staggered start, antishort cycling, PID control, 
DDC with fine tuning, and trend logging. 

b. HVAC Control Programs:  Optimal run time, supply-air reset, and enthalpy 
switchover. 

c. Chiller Control Programs:  Control function of condenser-water reset, 
chilled-water reset, and equipment sequencing. 
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d. Programming Application Features:  Include trend point; alarm processing 
and messaging; weekly, monthly, and annual scheduling; energy 
calculations; run-time totalization; and security access. 

e. Remote communications. 
f. Maintenance management. 
g. Units of Measure:  Inch-pound and SI (metric). 

4. Local operator interface provides for download from or upload to operator 
workstation or diagnostic terminal unit. 

5. ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and 
communicate using ISO 8802-3 (Ethernet) datalink/physical layer protocol. 

6. LonWorks Compliance:  Control units shall use LonTalk protocol and 
communicate using EIA/CEA 709.1 datalink/physical layer protocol. 

E. Local Control Units:  Modular, comprising processor board with electronically 
programmable, nonvolatile, read-only memory; and backup power source. 
1. Units monitor or control each I/O point, process information, and download from 

or upload to operator workstation or diagnostic terminal unit. 
2. Stand-alone mode control functions operate regardless of network status.  

Functions include the following: 
a. Global communications. 
b. Discrete/digital, analog, and pulse I/O. 
c. Monitoring, controlling, or addressing data points. 

3. Local operator interface provides for download from or upload to operator 
workstation or diagnostic terminal unit. 

4. ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and 
communicate using ISO 8802-3 (Ethernet) datalink/physical layer protocol. 

5. LonWorks Compliance:  Control units shall use LonTalk protocol and 
communicate using EIA/CEA 709.1 datalink/physical layer protocol. 

F. I/O Interface:  Hardwired inputs and outputs may tie into system through controllers.  
Protect points so that shorting will cause no damage to controllers. 
1. Binary Inputs:  Allow monitoring of on-off signals without external power. 
2. Pulse Accumulation Inputs:  Accept up to 10 pulses per second. 
3. Analog Inputs:  Allow monitoring of low-voltage (0- to 10-V dc), current (4 to 20 

mA), or resistance signals. 
4. Binary Outputs:  Provide on-off or pulsed low-voltage signal, selectable for 

normally open or normally closed operation with three-position (on-off-auto) 
override switches and status lights. 

5. Analog Outputs:  Provide modulating signal, either low voltage (0- to 10-V dc) or 
current (4 to 20 mA) with status lights, two-position (auto-manual) switch, and 
manually adjustable potentiometer. 

6. Tri-State Outputs:  Provide two coordinated binary outputs for control of three-
point, floating-type electronic actuators. 

7. Universal I/Os:  Provide software selectable binary or analog outputs. 
G. Power Supplies:  Transformers with Class 2 current-limiting type or overcurrent 

protection; limit connected loads to 80 percent of rated capacity.  DC power supply 
shall match output current and voltage requirements and be full-wave rectifier type with 
the following: 
1. Output ripple of 5.0 mV maximum peak to peak. 
2. Combined 1 percent line and load regulation with 100-mic.sec. response time for 

50 percent load changes. 
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3. Built-in overvoltage and overcurrent protection and be able to withstand 150 
percent overload for at least 3 seconds without failure. 

H. Power Line Filtering:  Internal or external transient voltage and surge suppression for 
workstations or controllers with the following: 
1. Minimum dielectric strength of 1000 V. 
2. Maximum response time of 10 nanoseconds. 
3. Minimum transverse-mode noise attenuation of 65 dB. 
4. Minimum common-mode noise attenuation of 150 dB at 40 to 100 Hz. 

2.3 UNITARY CONTROLLERS 
A. Unitized, capable of stand-alone operation with sufficient memory to support its 

operating system, database, and programming requirements, and with sufficient I/O 
capacity for the application. 
1. Configuration:  Local keypad and display; diagnostic LEDs for power, 

communication, and processor; wiring termination to terminal strip or card 
connected with ribbon cable; memory with bios; and 72-hour battery backup. 

2. Operating System:  Manage I/O communication to allow distributed controllers to 
share real and virtual object information and allow central monitoring and alarms.  
Perform scheduling with real-time clock.  Perform automatic system diagnostics; 
monitor system and report failures. 

3. ASHRAE 135 Compliance:  Communicate using read (execute and initiate) and 
write (execute and initiate) property services defined in ASHRAE 135.  Reside on 
network using MS/TP datalink/physical layer protocol and have service 
communication port for connection to diagnostic terminal unit. 

4. LonWorks Compliance:  Communicate using EIA/CEA 709.1 datalink/physical 
layer protocol using LonTalk protocol. 

5. Enclosure:  Dustproof rated for operation at 32 to 120 deg F. 
6. Enclosure:  Waterproof rated for operation at 40 to 150 deg F. 

2.4 ALARM PANELS 
A. Unitized cabinet with suitable brackets for wall or floor mounting.  Fabricate of 0.06-

inch- thick, furniture-quality steel or extruded-aluminum alloy, totally enclosed, with 
hinged doors and keyed lock and with manufacturer's standard shop-painted 
finish.  Provide common keying for all panels. 

B. Indicating light for each alarm point, single horn, acknowledge switch, and test switch, 
mounted on hinged cover. 
1. Alarm Condition:  Indicating light flashes and horn sounds. 
2. Acknowledge Switch:  Horn is silent and indicating light is steady. 
3. Second Alarm:  Horn sounds and indicating light is steady. 
4. Alarm Condition Cleared:  System is reset and indicating light is extinguished. 
5. Contacts in alarm panel allow remote monitoring by independent alarm company. 

2.5 ANALOG CONTROLLERS 
A. Step Controllers:  6- or 10-stage type, with heavy-duty switching rated to handle loads 

and operated by electric motor. 
B. Electric, Outdoor-Reset Controllers:  Remote-bulb or bimetal rod-and-tube type, 

proportioning action with adjustable throttling range, adjustable set point, scale range 
minus 10 to plus 70 deg F, and single- or double-pole contacts. 
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C. Electronic Controllers:  Wheatstone-bridge-amplifier type, in steel enclosure with 
provision for remote-resistance readjustment.  Identify adjustments on controllers, 
including proportional band and authority. 
1. Single controllers can be integral with control motor if provided with accessible 

control readjustment potentiometer. 
D. Fan-Speed Controllers:  Solid-state model providing field-adjustable proportional 

control of motor speed from maximum to minimum of 55 percent and on-off action 
below minimum fan speed.  Controller shall briefly apply full voltage, when motor is 
started, to rapidly bring motor up to minimum speed.  Equip with filtered circuit to 
eliminate radio interference. 

E. Receiver Controllers:  Single- or multiple-input models with control-point adjustment, 
direct or reverse acting with mechanical set-point adjustment with locking device, 
proportional band adjustment, authority adjustment, and proportional control mode. 
1. Remote-control-point adjustment shall be plus or minus 20 percent of sensor 

span, input signal of 3 to 13 psig. 
2. Proportional band shall extend from 2 to 20 percent for 5 psig. 
3. Authority shall be 20 to 200 percent. 
4. Air-supply pressure of 18 psig, input signal of 3 to 15 psig, and output signal of 

zero to supply pressure. 
5. Gages:  2-1/2 inches in diameter, 2.5 percent wide-scale accuracy, and range to 

match transmitter input or output pressure. 

2.6 TIME CLOCKS 
A. Available Manufacturers: 

1. ATC-Diversified Electronics. 
2. Precision Multiple Controls, Inc. 
3. SSAC Inc.; ABB USA. 

B. Seven-day, programming-switch timer with synchronous-timing motor and seven-day 
dial; continuously charged, nickel-cadmium-battery-driven, eight-hour, power-failure 
carryover; multiple-switch trippers; minimum of two and maximum of eight signals per 
day with two normally open and two normally closed output contacts. 

C. Solid-state, programmable time control with 8 separate programs each with up to 100 
on-off operations; 1-second resolution; lithium battery backup; keyboard interface and 
manual override; individual on-off-auto switches for each program; 365-day calendar 
with 20 programmable holidays; choice of fail-safe operation for each program; system 
fault alarm; and communications package allowing networking of time controls and 
programming from PC. 

2.7 ELECTRONIC SENSORS 
A. Description:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as 

required. 
B. Thermistor Temperature Sensors and Transmitters:  

1. Available Manufacturers: 
a. BEC Controls Corporation. 
b. Ebtron, Inc. 
c. Heat-Timer Corporation. 

2. Accuracy:  Plus, or minus 0.5 deg F at calibration point. 
3. Wire:  Twisted, shielded-pair cable. 
4. Insertion Elements in Ducts:  Single point, 8 inches long; use where not affected 

by temperature stratification or where ducts are smaller than 9 sq. ft. 
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5. Averaging Elements in Ducts:  36 inches long, flexible; use where prone to 
temperature stratification or where ducts are larger than 10 sq. ft. 

6. Insertion Elements for Liquids:  Brass or stainless-steel socket with minimum 
insertion length of 2-1/2 inches. 

7. Room Sensor Cover Construction:  Manufacturer's standard locking covers. 
a. Set-Point Adjustment:  Concealed. 
b. Set-Point Indication:  Exposed. 
c. Thermometer:  Concealed. 
d. Color:  Select from manufacturer's standard color chart. 
e. Orientation:  Vertical. 

8. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight. 
9. Room Security Sensors:  Stainless-steel cover plate with insulated back and 

security screws. 
C. RTDs and Transmitters:  

1. Available Manufacturers: 
a. BEC Controls Corporation. 
b. MAMAC Systems, Inc. 
c. RDF Corporation. 

2. Accuracy:  Plus, or minus 0.2 percent at calibration point. 
3. Wire:  Twisted, shielded-pair cable. 
4. Insertion Elements in Ducts:  Single point, 8 inches long; use where not affected 

by temperature stratification or where ducts are smaller than 9 sq. ft. 
5. Averaging Elements in Ducts:  18 inches long, rigid; use where prone to 

temperature stratification or where ducts are larger than 9 sq. ft.; length as 
required. 

6. Insertion Elements for Liquids:  Brass socket with minimum insertion length of 2-
1/2 inches. 

7. Room Sensor Cover Construction:  Manufacturer's standard locking covers. 
a. Set-Point Adjustment:  Concealed. 
b. Set-Point Indication:  Exposed. 
c. Thermometer:  Concealed. 
d. Color:  Select from manufacturers standard color chart. 
e. Orientation:  Vertical. 

8. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight. 
9. Room Security Sensors:  Stainless-steel cover plate with insulated back and 

security screws. 
D. Humidity Sensors:  Bulk polymer sensor element. 

1. Available Manufacturers: 
a. BEC Controls Corporation. 
b. General Eastern Instruments. 
c. MAMAC Systems, Inc. 

2. Accuracy:  2 percent full range with linear output. 
3. Room Sensor Range:  20 to 80 percent relative humidity. 
4. Room Sensor Cover Construction:  Manufacturer's standard locking covers. 

a. Set-Point Adjustment:  Concealed. 
b. Set-Point Indication:  Exposed. 
c. Thermometer:  Concealed. 
d. Color:  Select from manufacturers standard color chart. 
e. Orientation:  Vertical. 
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5. Duct Sensor:  20 to 80 percent relative humidity range with element guard and 
mounting plate. 

6. Outside-Air Sensor:  20 to 80 percent relative humidity range with mounting 
enclosure, suitable for operation at outdoor temperatures of minus 40 to plus 170 
deg F. 

7. Duct and Sensors:  With element guard and mounting plate, range of 0 to 100 
percent relative humidity. 

E. Pressure Transmitters/Transducers:  
1. Available Manufacturers: 

a. BEC Controls Corporation. 
b. General Eastern Instruments. 
c. MAMAC Systems, Inc. 

2. Static-Pressure Transmitter:  Nondirectional sensor with suitable range for 
expected input, and temperature compensated. 
a. Accuracy:  2 percent of full scale with repeatability of 0.5 percent. 
b. Output:  4 to 20 mA. 
c. Building Static-Pressure Range:  0- to 0.25-inch wg. 
d. Duct Static-Pressure Range:  0- to 5-inch wg. 

3. Water Pressure Transducers:  Stainless-steel diaphragm construction, suitable 
for service; minimum 150-psig operating pressure; linear output 4 to 20 mA. 

4. Water Differential-Pressure Transducers:  Stainless-steel diaphragm 
construction, suitable for service; minimum 150-psig operating pressure and 
tested to 300-psig; linear output 4 to 20 mA. 

5. Differential-Pressure Switch (Air or Water):  Snap acting, with pilot-duty rating 
and with suitable scale range and differential. 

6. Pressure Transmitters:  Direct acting for gas, liquid, or steam service; range 
suitable for system; linear output 4 to 20 mA. 

F. Room Sensor Cover Construction:  Manufacturer's standard locking covers. 
1. Set-Point Adjustment:  Concealed. 
2. Set-Point Indication:  Exposed. 
3. Thermometer:  Concealed. 
4. Color:  Select form manufacturers standard color chart. 
5. Orientation:  Vertical. 

G. Room sensor accessories include the following: 
1. Insulating Bases:  For sensors located on exterior walls. 
2. Guards:  Locking; heavy-duty, transparent plastic; mounted on separate base. 
3. Adjusting Key:  As required for calibration and cover screws. 

2.8 STATUS SENSORS 
A. Status Inputs for Fans:  Differential-pressure switch with pilot-duty rating and with 

adjustable range of 0- to 5-inch wg. 
B. Status Inputs for Pumps:  Differential-pressure switch with pilot-duty rating and with 

adjustable pressure-differential range of 8 to 60 psig, piped across pump. 
C. Status Inputs for Electric Motors:  Comply with ISA 50.00.01, current-sensing fixed- or 

split-core transformers with self-powered transmitter, adjustable and suitable for 175 
percent of rated motor current. 

D. Voltage Transmitter (100- to 600-V ac):  Comply with ISA 50.00.01, single-loop, self-
powered transmitter, adjustable, with suitable range and 1 percent full-scale accuracy. 

E. Power Monitor:  3-phase type with disconnect/shorting switch assembly, listed voltage 
and current transformers, with pulse kilowatt hour output and 4- to 20-mA kW output, 
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with maximum 2 percent error at 1.0 power factor and 2.5 percent error at 0.5 power 
factor. 

F. Current Switches:  Self-powered, solid-state with adjustable trip current, selected to 
match current and system output requirements. 

G. Electronic Valve/Damper Position Indicator:  Visual scale indicating percent of travel 
and 2- to 10-V dc, feedback signal. 

H. Water-Flow Switches:  Bellows-actuated mercury or snap-acting type with pilot-duty 
rating, stainless-steel or bronze paddle, with appropriate range and differential 
adjustment, in NEMA 250, Type 1 enclosure. 
1. Available Manufacturers: 

a. BEC Controls Corporation. 
b. I.T.M. Instruments Inc. 

2.9 FLOW MEASURING STATIONS 
A. Duct Airflow Station:  Combination of air straightener and multiport, self-averaging pitot 

tube station. 
1. Available Manufacturers: 

a. Air Monitor Corporation. 
b. Wetmaster Co., Ltd. 

2. Casing:  Galvanized-steel frame. 
3. Flow Straightener:  Aluminum honeycomb, 3/4-inch parallel cell, 3 inches deep. 
4. Sensing Manifold:  Copper manifold with bullet-nosed static pressure sensors 

positioned on equal area basis. 

2.10 THERMOSTATS 
A. Available Manufacturers: 

1. Erie Controls. 
2. Danfoss Inc.; Air-Conditioning and Refrigeration Div. 
3. Heat-Timer Corporation. 

B. Combination Thermostat and Fan Switches:  Line-voltage thermostat with push-button 
or lever-operated fan switch. 
1. Label switches "FAN ON-OFF". 
2. Mount on single electric switch box. 

C. Electric, solid-state, microcomputer-based room thermostat with remote sensor. 
1. Automatic switching from heating to cooling. 
2. Preferential rate control to minimize overshoot and deviation from set point. 
3. Set up for four separate temperatures per day. 
4. Instant override of set point for continuous or timed period from 1 hour to 31 

days. 
5. Short-cycle protection. 
6. Programming based on every day of week. 
7. Selection features include degree F or degree C display, 12- or 24-hour clock, 

keyboard disable, remote sensor, and fan on-auto. 
8. Battery replacement without program loss. 
9. Thermostat display features include the following: 

a. Time of day. 
b. Actual room temperature. 
c. Programmed temperature. 
d. Programmed time. 
e. Duration of timed override. 
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f. Day of week. 
g. System mode indications include "heating," "off," "fan auto," and "fan on." 

D. Low-Voltage, On-Off Thermostats:  NEMA DC 3, 24-V, bimetal-operated, mercury-
switch type, with adjustable or fixed anticipation heater, concealed set-point 
adjustment, 55 to 85 deg F set-point range, and 2 deg F maximum differential. 

E. Line-Voltage, On-Off Thermostats:  Bimetal-actuated, open contact or bellows-
actuated, enclosed, snap-switch or equivalent solid-state type, with heat anticipator; 
listed for electrical rating; with concealed set-point adjustment, 55 to 85 deg F set-point 
range, and 2 deg F maximum differential. 
1. Electric Heating Thermostats:  Equip with off position on dial wired to break 

ungrounded conductors. 
2. Selector Switch:  Integral, manual on-off-auto. 

F. Remote-Bulb Thermostats:  On-off or modulating type, liquid filled to compensate for 
changes in ambient temperature; with copper capillary and bulb, unless otherwise 
indicated. 
1. Bulbs in water lines with separate wells of same material as bulb. 
2. Bulbs in air ducts with flanges and shields. 
3. Averaging Elements:  Copper tubing with either single- or multiple-unit elements, 

extended to cover full width of duct or unit; adequately supported. 
4. Scale settings and differential settings are clearly visible and adjustable from 

front of instrument. 
5. On-Off Thermostat:  With precision snap switches and with electrical ratings 

required by application. 
6. Modulating Thermostats:  Construct so complete potentiometer coil and wiper 

assembly is removable for inspection or replacement without disturbing 
calibration of instrument. 

G. Fire-Protection Thermostats:  Listed and labeled by an NRTL acceptable to authorities 
having jurisdiction; with fixed or adjustable settings to operate at not less than 75 deg F 
above normal maximum operating temperature, and the following: 
1. Reset:  Manual. 
2. Reset:  Automatic, with control circuit arranged to require manual reset at central 

control panel; with pilot light and reset switch on panel labeled to indicate 
operation. 

H. Immersion Thermostat:  Remote-bulb or bimetal rod-and-tube type, proportioning 
action with adjustable throttling range and adjustable set point. 

I. Airstream Thermostats:  Two-pipe, fully proportional, single-temperature type; with 
adjustable set point in middle of range, adjustable throttling range, plug-in test fitting or 
permanent pressure gage, remote bulb, bimetal rod and tube, or averaging element. 

J. Electric, Low-Limit Duct Thermostat:  Snap-acting, single-pole, single-throw, manual- 
or automatic- reset switch that trips if temperature sensed across any 12 inches of bulb 
length is equal to or below set point. 
1. Bulb Length:  Minimum 20 feet. 
2. Quantity:  One thermostat for every 20 sq. ft. of coil surface. 

K. Electric, High-Limit Duct Thermostat:  Snap-acting, single-pole, single-throw, manual- 
or automatic- reset switch that trips if temperature sensed across any 12 inches of bulb 
length is equal to or above set point. 
1. Bulb Length:  Minimum 20 feet. 
2. Quantity:  One thermostat for every 20 sq. ft. of coil surface. 

L. Heating/Cooling Valve-Top Thermostats:  Proportional acting for proportional flow, with 
molded-rubber diaphragm, remote-bulb liquid-filled element, direct and reverse acting 
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at minimum shutoff pressure of 25 psig and cast housing with position indicator and 
adjusting knob. 

2.11 HUMIDISTATS 
A. Available Manufacturers: 

1. MAMAC Systems, Inc. 
2. ROTRONIC Instrument Corp. 

B. Duct-Mounting Humidistats:  Electric insertion, 2-position type with adjustable, 2 
percent throttling range, 20 to 80 percent operating range, and single- or double-pole 
contacts. 

2.12 ACTUATORS 
A. Electric Motors:  Size to operate with sufficient reserve power to provide smooth 

modulating action or two-position action. 
1. Comply with requirements in Division 23 Section "Common Motor Requirements 

for HVAC Equipment." 
2. Permanent Split-Capacitor or Shaded-Pole Type:  Gear trains completely oil 

immersed and sealed.  Equip spring-return motors with integral spiral-spring 
mechanism in housings designed for easy removal for service or adjustment of 
limit switches, auxiliary switches, or feedback potentiometer. 

3. Non spring-Return Motors for Valves Larger Than NPS 2-1/2:  Size for running 
torque of 150 in. x lbf and breakaway torque of 300 in. x lbf. 

4. Spring-Return Motors for Valves Larger Than NPS 2-1/2:  Size for running and 
breakaway torque of 150 in. x lbf. 

5. Non spring-Return Motors for Dampers Larger Than 25 Sq. Ft.:  Size for running 
torque of 150 in. x lbf and breakaway torque of 300 in. x lbf. 

6. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft.:  Size for running and 
breakaway torque of 150 in. x lbf. 

B. Electronic Actuators:  Direct-coupled type designed for minimum 60,000 full-stroke 
cycles at rated torque. 
1. Available Manufacturers: 

a. Belimo Aircontrols (USA), Inc. 
2. Valves:  Size for torque required for valve close off at maximum pump differential 

pressure. 
3. Dampers:  Size for running torque calculated as follows: 

a. Parallel-Blade Damper with Edge Seals:  7 inch-lb/sq. ft. of damper. 
b. Opposed-Blade Damper with Edge Seals:  5 inch-lb/sq. ft. of damper. 
c. Parallel-Blade Damper without Edge Seals:  4 inch-lb/sq. ft of damper. 
d. Opposed-Blade Damper without Edge Seals:  3 inch-lb/sq. ft. of damper. 
e. Dampers with 2- to 3-Inch wg of Pressure Drop or Face Velocities of 1000 

to 2500 fpm:  Increase running torque by 1.5. 
f. Dampers with 3- to 4-Inch wg of Pressure Drop or Face Velocities of 2500 

to 3000 fpm:  Increase running torque by 2.0. 
4. Coupling:  V-bolt and V-shaped, toothed cradle. 
5. Overload Protection:  Electronic overload or digital rotation-sensing circuitry. 
6. Fail-Safe Operation:  Mechanical, spring-return mechanism.  Provide external, 

manual gear release on nonspring-return actuators. 
7. Power Requirements (Two-Position Spring Return):  24-V ac. 
8. Power Requirements (Modulating):  Maximum 10 VA at 24-V ac or 8 W at 24-V 

dc. 
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9. Proportional Signal:  2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position 
feedback signal. 

10. Temperature Rating:  40 to 104 deg F. 
11. Temperature Rating (Smoke Dampers):  Minus 22 to plus 250 deg F. 
12. Run Time:  12 seconds open, 5 seconds closed. 

2.13 CONTROL VALVES 
A. Available Manufacturers: 

1. Danfoss Inc.; Air Conditioning & Refrigeration Div. 
2. Erie Controls. 
3. Belimo. 

B. Control Valves:  Factory fabricated, of type, body material, and pressure class based 
on maximum pressure and temperature rating of piping system, unless otherwise 
indicated. 

C. Hydronic system globe valves shall have the following characteristics: 
1. NPS 2 and Smaller:  Class 125 bronze body, bronze trim, rising stem, renewable 

composition disc, and screwed ends with back seating capacity repackable under 
pressure. 

2. NPS 2-1/2 and Larger:  Class 125 iron body, bronze trim, rising stem, plug-type 
disc, flanged ends, and renewable seat and disc. 

3. Internal Construction:  Replaceable plugs and stainless-steel or brass seats. 
a. Single-Seated Valves:  Cage trim provides seating and guiding surfaces for 

plug on top and bottom. 
b. Double-Seated Valves:  Balanced plug; cage trim provides seating and 

guiding surfaces for plugs on top and bottom. 
4. Sizing:  3-psig maximum pressure drop at design flow rate or the following: 

a. Two Position:  Line size. 
b. Two-Way Modulating:  Either the value specified above or twice the load 

pressure drop, whichever is more. 
c. Three-Way Modulating:  Twice the load pressure drop, but not more than 

value specified above. 
5. Flow Characteristics:  Two-way valves shall have equal percentage 

characteristics; three-way valves shall have linear characteristics. 
6. Close-Off (Differential) Pressure Rating:  Combination of actuator and trim shall 

provide minimum close-off pressure rating of 150 percent of total system (pump) 
head for two-way valves and 100 percent of pressure differential across valve or 
100 percent of total system (pump) head. 

D. Butterfly Valves:  200-psig, 150-psig maximum pressure differential, ASTM A 126 cast-
iron or ASTM A 536 ductile-iron body and bonnet, extended neck, stainless-steel stem, 
field-replaceable EPDM or Buna N sleeve and stem seals. 
1. Body Style:  Lug. 
2. Disc Type:  Aluminum bronze. 
3. Sizing:  1-psig maximum pressure drop at design flow rate. 

E. Terminal Unit Control Valves:  Bronze body, bronze trim, two or three ports as 
indicated, replaceable plugs and seats, and union and threaded ends. 
1. Rating:  Class 125 for service at 125 psig and 250 deg F operating conditions. 
2. Sizing:  3-psig maximum pressure drop at design flow rate, to close against 

pump shutoff head. 
3. Flow Characteristics:  Two-way valves shall have equal percentage 

characteristics; three-way valves shall have linear characteristics. 
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F. Self-Contained Control Valves:  Bronze body, bronze trim, two or three ports as 
indicated, replaceable plugs and seats, and union and threaded ends. 
1. Rating:  Class 125 for service at 125 psig and 250 deg F operating conditions. 
2. Thermostatic Operator:  Wax-filled integral sensor with integral adjustable dial. 

2.14 DAMPERS 
A. Available Manufacturers: 

1. Air Balance Inc. 
2. Vent Products Company, Inc. 
3. Belimo. 

B. Dampers:  AMCA-rated, opposed-blade design; 0.108-inch- minimum thick, 
galvanized-steel or 0.125-inch- minimum thick, extruded-aluminum frames with holes 
for duct mounting; damper blades shall not be less than 0.064-inch- thick galvanized 
steel with maximum blade width of 8 inches and length of 48 inches. 
1. Secure blades to 1/2-inch- diameter, zinc-plated axles using zinc-plated 

hardware, with oil-impregnated sintered bronze blade bearings, blade-linkage 
hardware of zinc-plated steel and brass, ends sealed against spring-stainless-
steel blade bearings, and thrust bearings at each end of every blade. 

2. Operating Temperature Range:  From minus 40 to plus 200 deg F. 
3. Edge Seals, Standard Pressure Applications:  Closed-cell neoprene. 

2.15 CONTROL CABLE 
A. Electronic and fiber-optic cables for control wiring are specified in Division 27 Section 

"Communications Horizontal Cabling." 

PART 3 - EXECUTION 

3.1 EXAMINATION 
A. Verify that conditioned power supply is available to control units and operator 

workstation. 
B. Verify that pneumatic piping and duct-, pipe-, and equipment-mounted devices are 

installed before proceeding with installation. 

3.2 INSTALLATION 
A. Install software in control units and operator workstation(s).  Implement all features of 

programs to specified requirements and as appropriate to sequence of operation. 
B. Connect and configure equipment and software to achieve sequence of operation 

specified. 
C. Verify location of thermostats, humidistats, and other exposed control sensors with 

Drawings and room details before installation.  Install devices 48 inches above the 
floor. 
1. Install averaging elements in ducts and plenums in crossing or zigzag pattern. 

D. Install guards on thermostats in the following locations: 
1. Entrances. 
2. Public areas. 
3. Where indicated. 

E. Install automatic dampers according to Division 23 Section "Air Duct Accessories." 
F. Install damper motors on outside of duct in warm areas, not in locations exposed to 

outdoor temperatures. 
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G. Install labels and nameplates to identify control components according to Division 23 
Section "Identification for HVAC Piping and Equipment." 

H. Install hydronic instrument wells, valves, and other accessories according to 
Division 23 Section "Hydronic Piping." 

I. Install steam and condensate instrument wells, valves, and other accessories 
according to Division 23 Section "Steam and Condensate Heating Piping." 

J. Install refrigerant instrument wells, valves, and other accessories according to 
Division 23 Section "Refrigerant Piping." 

K. Install duct volume-control dampers according to Division 23 Sections specifying air 
ducts. 

L. Install electronic and fiber-optic cables according to Division 27 Section 
"Communications Horizontal Cabling." 

3.3 ELECTRICAL WIRING AND CONNECTION INSTALLATION 
A. Install raceways, boxes, and cabinets according to Division 26 Section "Raceway and 

Boxes for Electrical Systems." 
B. Install building wire and cable according to Division 26 Section "Low-Voltage Electrical 

Power Conductors and Cables." 
C. Install signal and communication cable according to Division 27 Section 

"Communications Horizontal Cabling." 
1. Conceal cable, except in mechanical rooms and areas where other conduit and 

piping are exposed. 
2. Install exposed cable in raceway. 
3. Install concealed cable in raceway. 
4. Bundle and harness multiconductor instrument cable in place of single cables 

where several cables follow a common path. 
5. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect 

against abrasion.  Tie and support conductors. 
6. Number-code or color-code conductors for future identification and service of 

control system, except local individual room control cables. 
7. Install wire and cable with sufficient slack and flexible connections to allow for 

vibration of piping and equipment. 
D. Connect manual-reset limit controls independent of manual-control switch positions.  

Automatic duct heater resets may be connected in interlock circuit of power controllers. 
E. Connect hand-off-auto selector switches to override automatic interlock controls when 

switch is in hand position. 

3.4 FIELD QUALITY CONTROL 
A. Manufacturer's Field Service:  Engage a factory-authorized service representative to 

inspect, test, and adjust field-assembled components and equipment installation, 
including connections, and to assist in field testing.  Report results in writing. 

B. Perform the following field tests and inspections and prepare test reports: 
1. Operational Test:  After electrical circuitry has been energized, start units to 

confirm proper unit operation.  Remove and replace malfunctioning units and 
retest. 

2. Test and adjust controls and safeties. 
3. Test each point through its full operating range to verify that safety and operating 

control set points are as required. 
4. Test each control loop to verify stable mode of operation and compliance with 

sequence of operation.  Adjust PID actions. 
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5. Test each system for compliance with sequence of operation. 
6. Test software and hardware interlocks. 

C. DDC Verification: 
1. Verify that instruments are installed before calibration, testing, and loop or leak 

checks. 
2. Check instruments for proper location and accessibility. 
3. Check instrument installation for direction of flow, elevation, orientation, insertion 

depth, and other applicable considerations. 
4. Check instrument tubing for proper fittings, slope, material, and support. 
5. Check installation of air supply for each instrument. 
6. Check flow instruments.  Inspect tag number and line and bore size and verify 

that inlet side is identified and that meters are installed correctly. 
7. Check pressure instruments, piping slope, installation of valve manifold, and self-

contained pressure regulators. 
8. Check temperature instruments and material and length of sensing elements. 
9. Check control valves.  Verify that they are in correct direction. 
10. Check air-operated dampers.  Verify that pressure gages are provided and that 

proper blade alignment, either parallel or opposed, has been provided. 
11. Check DDC system as follows: 

a. Verify that DDC controller power supply is from emergency power supply, if 
applicable. 

b. Verify that wires at control panels are tagged with their service designation 
and approved tagging system. 

c. Verify that spare I/O capacity has been provided. 
d. Verify that DDC controllers are protected from power supply surges. 

D. Replace damaged or malfunctioning controls and equipment and repeat testing 
procedures. 

3.5 ADJUSTING 
A. Calibrating and Adjusting: 

1. Calibrate instruments. 
2. Make three-point calibration test for both linearity and accuracy for each analog 

instrument. 
3. Calibrate equipment and procedures using manufacturer's written 

recommendations and instruction manuals.  Use test equipment with accuracy at 
least double that of instrument being calibrated. 

4. Control System Inputs and Outputs: 
a. Check analog inputs at 0, 50, and 100 percent of span. 
b. Check analog outputs using milliampere meter at 0, 50, and 100 percent 

output. 
c. Check digital inputs using jumper wire. 
d. Check digital outputs using ohmmeter to test for contact making or 

breaking. 
e. Check resistance temperature inputs at 0, 50, and 100 percent of span 

using a precision-resistant source. 
5. Flow: 

a. Set differential pressure flow transmitters for 0 and 100 percent values with 
3-point calibration accomplished at 50, 90, and 100 percent of span. 

b. Manually operate flow switches to verify that they make or break contact. 
6. Pressure: 
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a. Calibrate pressure transmitters at 0, 50, and 100 percent of span. 
b. Calibrate pressure switches to make or break contacts, with adjustable 

differential set at minimum. 
7. Temperature: 

a. Calibrate resistance temperature transmitters at 0, 50, and 100 percent of 
span using a precision-resistance source. 

b. Calibrate temperature switches to make or break contacts. 
8. Stroke and adjust control valves and dampers without positioners, following the 

manufacturer's recommended procedure, so that valve or damper is 100 percent 
open and closed. 

9. Stroke and adjust control valves and dampers with positioners, following 
manufacturer's recommended procedure, so that valve and damper is 0, 50, and 
100 percent closed. 

10. Provide diagnostic and test instruments for calibration and adjustment of system. 
11. Provide written description of procedures and equipment for calibrating each type 

of instrument.  Submit procedures review and approval before initiating startup 
procedures. 

B. Adjust initial temperature and humidity set points. 
C. Occupancy Adjustments:  When requested within 12 months of date of Substantial 

Completion, provide on-site assistance in adjusting system to suit actual occupied 
conditions.  Provide up to three visits to Project during other than normal occupancy 
hours for this purpose. 

3.6 DEMONSTRATION 
A. Engage a factory-authorized service representative to train Owner's maintenance 

personnel to adjust, operate, and maintain HVAC instrumentation and controls.  Refer 
to Division 01 Section "Demonstration and Training." 

END OF SECTION 230900 
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SECTION 230993 - SEQUENCE OF OPERATIONS FOR HVAC CONTROLS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section includes control sequences for HVAC systems, subsystems, and 
equipment. 

B. Related Sections include the following: 
1. Division 23 Section "Instrumentation and Control for HVAC" for control 

equipment and devices and for submittal requirements. 
C. The existing Chester High School Building Management System is maintained by 

TBS Controls, 12E Commerce Drive, Ballston, NY 12020-3631 (518-885-4444).  It 
is the intent to incorporate the control system for the new equipment into the 
existing control system.         

D. All equipment noted in this section shall be graphically depicted on the BAS 
operator workstation with their respective pertinent operating data.    

E. Refer to plans for base bid and add alternate work.  
F. Refer to plans for hot water or steam coils. 

1.3 DEFINITIONS 

A. DDC:  Direct digital control. 

B. VFD:  Variable frequency drive. 

PART 2 - EXECUTION 

2.1 TERMINAL UNITS 

A. Furnish and install electronic “smart” controllers for pressure independent 
operation.  Room temperature shall be heating / cooling automatic change over 
type with proportional integral control.  Controller/ sensor shall be self-calibrating.  
See VAV Box Schedule for maximum cooling, maximum heating, and minimum air 
flows. 

B. VAV BOXES 

1. Winter operation: On a rise in space temperature above set point the VAV box 
damper shall modulate closed to decrease air flow.  On a drop in space 
temperature the box shall modulate open to increase air flow. 

2. Summer operation: On a rise in space temperature above setpoint the VAV box 
damper shall modulate open to increase airflow.  On a drop in space temperature 
the box shall modulate closed to the minimum air flow. 
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3. Provide heating and cooling changeover controller to command the VAV box into 
either summer or winter mode. 

4. Operator Station Display:  Indicate the following on operator workstation display 
terminal: 
a. Zone space temperature. 
b. Zone cooling setpoint. 
c. Zone heating setpoint. 
d. Zone setpoint adjust. 
e. Zone damper position. 
f. Zone damper position override. 
g. Airflow 
h. Airflow setpoint. 
i. Airflow adjust. 

C. VAV BOXES WITH REHEAT 

1. Winter operation: On a drop in space temperature below set point, the VAV box 
shall modulate towards the minimum position.  Upon a further drop is space 
temperature the hot water control valve shall modulate open proportionately to 
maintain room set point.  On a rise in space temperature the opposite shall take 
place. 

2. When operating in winter mode the VAV box damper position shall be reset 
(adjustable) to position as shown on drawings. 

3. Summer operation, the VAV box shall modulate open to increase airflow on a 
rise in space temperature above set point.  On a drop in space temperature the 
box shall modulate closed to the minimum air flow. 

4. Operator Station Display:  Indicate the following on operator workstation display 
terminal: 
a. Zone space temperature. 
b. Zone heating setpoint. 
c. Zone cooling setpoint. 
d. Zone setpoint adjust. 
e. Zone damper position. 
f. Zone damper position override. 
g. Airflow setpoint. 
h. Airflow adjust. 
i. HW reheat valve. 
j. Heating mode. 

 
 
 
END OF SECTION 230993 
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SECTION 232113 - HYDRONIC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 
A. This Section includes pipe and fitting materials, joining methods, special-duty valves, 

and specialties for the following: 
1. Hot-water heating piping with and without glycol. 
2. Condensate-drain piping. 
3. Air-vent piping. 

B. Related Sections include the following: 
1. Division 23 Section "Hydronic Pumps" for pumps, motors, and accessories for 

hydronic piping. 

1.3 DEFINITIONS 
A. PTFE:  Polytetrafluoroethylene. 
B. RTRF:  Reinforced thermosetting resin (fiberglass) fittings. 
C. RTRP:  Reinforced thermosetting resin (fiberglass) pipe. 

1.4 PERFORMANCE REQUIREMENTS 
A. Hydronic piping components and installation shall be capable of withstanding the 

following minimum working pressure and temperature: 
1. Hot-Water Heating Piping with and without glycol:  100 psig at 200 deg F. 
2. Air-Vent Piping:  200 deg F. 
3. Safety-Valve-Inlet and -Outlet Piping:  Equal to the pressure of the piping system 

to which it is attached. 

1.5 SUBMITTALS 
A. Product Data:  For each type of the following: 

1. Valves.  Include flow and pressure drop curves based on manufacturer's testing 
for calibrated-orifice balancing valves and automatic flow-control valves. 

2. Air control devices. 
3. Hydronic specialties. 

B. Shop Drawings:  Detail, at 1/4 scale, the piping layout, fabrication of pipe anchors, 
hangers, supports for multiple pipes, alignment guides, expansion joints and loops, and 
attachments of the same to the building structure.  Detail location of anchors, alignment 
guides, and expansion joints and loops. 

C. Welding certificates. 
D. Qualification Data:  For Installer. 
E. Operation and Maintenance Data:  For air control devices, hydronic specialties, and 

special-duty valves to include in emergency, operation, and maintenance manuals. 

1.6 QUALITY ASSURANCE 
A. Installer Qualifications: 
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1. Installers of Pressure-Sealed Joints:  Installers shall be certified by the pressure-
seal joint manufacturer as having been trained and qualified to join piping with 
pressure-seal pipe couplings and fittings. 

B. Steel Support Welding:  Qualify processes and operators according to AWS 
D1.1/D1.1M, "Structural Welding Code - Steel." 

C. Welding:  Qualify processes and operators according to ASME Boiler and Pressure 
Vessel Code:  Section IX. 
1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping." 
2. Certify that each welder has passed AWS qualification tests for welding 

processes involved and that certification is current. 
D. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for 

materials, products, and installation.  Safety valves and pressure vessels shall bear the 
appropriate ASME label.  Fabricate and stamp air separators and expansion tanks to 
comply with ASME Boiler and Pressure Vessel Code:  Section VIII, Division 01. 

1.7 EXTRA MATERIALS 
A. Water-Treatment Chemicals:  Furnish enough chemicals for initial system startup and 

for preventive maintenance for one year from date of Substantial Completion. 
B. Differential Pressure Meter:  For each type of balancing valve and automatic flow 

control valve, include flowmeter, probes, hoses, flow charts, and carrying case. 

PART 2 - PRODUCTS 

2.1 COPPER TUBE AND FITTINGS 
A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L ASTM B 88, Type M . 
B. Annealed-Temper Copper Tubing:  ASTM B 88, Type K. 
C. Wrought-Copper Fittings:  ASME B16.22. 

1. Available Manufacturers:  Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Anvil International, Inc. 
b. S. P. Fittings; a division of Star Pipe Products. 
c. Victaulic Company of America. 

D. Wrought-Copper Unions:  ASME B16.22. 

2.2 STEEL PIPE AND FITTINGS 
A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; type, grade, and wall 

thickness as indicated in Part 3 "Piping Applications" Article. 
B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250 as indicated in Part 3 

"Piping Applications" Article. 
C. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in 

Part 3 "Piping Applications" Article. 
D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in Part 

3 "Piping Applications" Article. 
E. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe. 
F. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, 

including bolts, nuts, and gaskets of the following material group, end connections, and 
facings: 
1. Material Group:  1.1. 
2. End Connections:  Butt welding. 
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3. Facings:  Raised face. 
G. Steel Pipe Nipples:  ASTM A 733, made of same materials and wall thicknesses as 

pipe in which they are installed. 

2.3 JOINING MATERIALS 
A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping 

system contents. 
1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness 

unless thickness or specific material is indicated. 
a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze 

flanges. 
b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 
C. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by 

piping system manufacturer, unless otherwise indicated. 
D. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux 

according to ASTM B 813. 
E. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for joining 

copper with copper; or BAg-1, silver alloy for joining copper with bronze or steel. 
F. Welding Filler Metals:  Comply with AWS D10.12/D10.12M for welding materials 

appropriate for wall thickness and chemical analysis of steel pipe being welded. 
G. Gasket Material:  Thickness, material, and type suitable for fluid to be handled and 

working temperatures and pressures. 

2.4 DIELECTRIC FITTINGS 
A. Description:  Combination fitting of copper-alloy and ferrous materials with threaded, 

solder-joint, plain, or weld-neck end connections that match piping system materials. 
B. Insulating Material:  Suitable for system fluid, pressure, and temperature. 
C. Dielectric Unions: 

1. Available Manufacturers:  Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Central Plastics Company. 
b. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 
c. Zurn Plumbing Products Group; AquaSpec Commercial Products Division. 

2. Factory-fabricated union assembly, for 250-psig minimum working pressure at 
180 deg F. 

D. Dielectric Flanges: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Capitol Manufacturing Company. 
b. Central Plastics Company. 
c. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Factory-fabricated companion-flange assembly, for 150- or 300-psig minimum 
working pressure as required to suit system pressures. 

E. Dielectric-Flange Kits: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
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a. Calpico, Inc. 
b. Central Plastics Company. 
c. Pipeline Seal and Insulator, Inc. 

2. Companion-flange assembly for field assembly.  Include flanges, full-face- or 
ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, 
phenolic washers, and steel backing washers. 

3. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig 
minimum working pressure where required to suit system pressures. 

F. Dielectric Couplings: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Calpico, Inc. 
b. Lochinvar Corporation. 

2. Galvanized-steel coupling with inert and noncorrosive thermoplastic lining; 
threaded ends; and 300-psig minimum working pressure at 225 deg F. 

G. Dielectric Nipples: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

a. Perfection Corporation; a subsidiary of American Meter Company. 
b. Precision Plumbing Products, Inc. 
c. Victaulic Company of America. 

2. Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, 
threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg 
F. 

2.5 VALVES 
A. Gate, Globe, Check, Ball, and Butterfly Valves:  Comply with requirements specified in 

Division 23 Section "General-Duty Valves for HVAC Piping." 
B. Automatic Temperature-Control Valves, Actuators, and Sensors:  Comply with 

requirements specified in Division 23 Section "Instrumentation and Control for HVAC." 
C. Automatic Flow-Control Valves: 

1. Available Manufacturers:  Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Flow Design Inc. 
b. Griswold Controls. 
c. Bell & Gossett Domestic Pump; a division of ITT Industries. 

2. Body:  Brass or ferrous metal. 
3. Piston and Spring Assembly:  Stainless steel, tamper proof, self-cleaning, and 

removable. 
4. Combination Assemblies:  Include bonze or brass-alloy ball valve. 
5. Identification Tag:  Marked with zone identification, valve number, and flow rate. 
6. Size:  Same as pipe in which installed. 
7. Performance:  Maintain constant flow, plus or minus 5 percent over system 

pressure fluctuations. 
8. Minimum CWP Rating:  

a. 1/2-inch through 2-inch: 400 psig. 
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b. 2-1/2-inch through 14-inch: 600 psig. 
9. Maximum Operating Temperature:  250 deg F. 

2.6 AIR CONTROL DEVICES 
A. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 
the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Amtrol, Inc. 
2. Armstrong Pumps, Inc. 
3. Bell & Gossett Domestic Pump; a division of ITT Industries. 

C. Manual Air Vents: 
1. Body:  Bronze. 
2. Internal Parts:  Nonferrous. 
3. Operator:  Screwdriver or thumbscrew. 
4. Inlet Connection:  NPS 1/2. 
5. Discharge Connection:  NPS 1/8. 
6. CWP Rating:  150 psig. 
7. Maximum Operating Temperature:  225 deg F. 

D. Automatic Air Vents: 
1. Body:  Bronze or cast iron. 
2. Internal Parts:  Nonferrous. 
3. Operator:  Noncorrosive metal float. 
4. Inlet Connection:  NPS 1/2. 
5. Discharge Connection:  NPS 1/4. 
6. CWP Rating:  150 psig. 
7. Maximum Operating Temperature:  240 deg F. 

E. Bladder-Type Expansion Tanks: 
1. Tank:  Welded steel, rated for 125-psig working pressure and 375 deg F 

maximum operating temperature.  Factory test with taps fabricated and supports 
installed and labeled according to ASME Boiler and Pressure Vessel Code:  
Section VIII, Division 1. 

2. Bladder:  Securely sealed into tank to separate air charge from system water to 
maintain required expansion capacity.  Tanks to have ASME stamp. 

3. Air-Charge Fittings:  Schrader valve, stainless steel with EPDM seats. 
F. Tangential-Type Air Separators: 

1. Tank:  Welded steel; ASME constructed and labeled for 125-psig minimum 
working pressure and 375 deg F maximum operating temperature. 

2. Air Collector Tube:  Perforated stainless steel, constructed to direct released air 
into expansion tank. 

3. Tangential Inlet and Outlet Connections:  Threaded for NPS 2 and smaller; 
flanged connections for NPS 2-1/2 and larger. 

4. Blowdown Connection:  Threaded. 
5. Size:  Match system flow capacity. 

2.7 CHEMICAL TREATMENT 
A. Bypass Chemical Feeder:  Welded steel construction; 125-psig working pressure; 5-

gal. capacity; with fill funnel and inlet, outlet, and drain valves. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 
 

 23 21 13 - 6 Hydronic Piping 

1. Chemicals:  Specially formulated, based on analysis of makeup water, to prevent 
accumulation of scale and corrosion in piping and connected equipment. 

B. Propylene Glycol:  Industrial grade with corrosion inhibitors and environmental-
stabilizer additives for mixing with water in systems indicated to contain antifreeze or 
glycol solutions. 

2.8 HYDRONIC PIPING SPECIALTIES 
A. Y-Pattern Strainers: 

1. Body:  ASTM A 126, Class B, cast iron with bolted cover and bottom drain 
connection. 

2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for NPS 
2-1/2 and larger. 

3. Strainer Screen:  60-mesh startup strainer, and perforated stainless-steel basket 
with 50 percent free area. 

4. CWP Rating:  125 psig. 
B. Basket Strainers: 

1. Body:  ASTM A 126, Class B, high-tensile cast iron with bolted cover and bottom 
drain connection. 

2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for NPS 
2-1/2 and larger. 

3. Strainer Screen:  60-mesh startup strainer, and perforated stainless-steel basket 
with 50 percent free area. 

4. CWP Rating:  125 psig. 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 
A. Hot-water heating piping with and without glycol, aboveground, NPS 2 and smaller, 

shall be any of the following: 
1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered 

joints. 
2. Schedule 40 steel pipe; Class 150, malleable-iron fittings; cast-iron flanges and 

flange fittings; and threaded joints. 
B. Hot-water heating piping with and without glycol, aboveground, NPS 2-1/2 and larger, 

shall be the following: 
1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel 

flanges and flange fittings, and welded and flanged joints. 
C. Condensate-Drain Piping:  Type M, drawn-temper copper tubing, wrought-copper 

fittings, and soldered joints. 
D. Air-Vent Piping: 

1. Inlet:  Same as service where installed with metal-to-plastic transition fittings for 
plastic piping systems according to the piping manufacturer's written instructions. 

2. Outlet:  Type K, annealed-temper copper tubing with soldered or flared joints. 
E. Safety-Valve-Inlet and -Outlet Piping for Hot-Water Piping:  Same materials and joining 

methods as for piping specified for the service in which safety valve is installed with 
metal-to-plastic transition fittings for plastic piping systems according to the piping 
manufacturer's written instructions. 
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3.2 VALVE APPLICATIONS 
A. Install shut off-duty valves at each branch connection to supply mains, and at supply 

connection to each piece of equipment. 
B. Install calibrated-orifice, balancing valves at each branch connection to return main. 
C. Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling 

terminal. 
D. Install check valves at each pump discharge and elsewhere as required to control flow 

direction. 
E. Install safety valves at hot-water generators and elsewhere as required by ASME 

Boiler and Pressure Vessel Code.  Install drip-pan elbow on safety-valve outlet and 
pipe without valves to the outdoors; and pipe drain to nearest floor drain or as indicated 
on Drawings.  Comply with ASME Boiler and Pressure Vessel Code:  Section VIII, 
Division 1, for installation requirements. 

F. Install pressure-reducing valves at makeup-water connection to regulate system fill 
pressure. 

3.3 PIPING INSTALLATIONS 
A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 

piping systems.  Indicate piping locations and arrangements if such were used to size 
pipe and calculate friction loss, expansion, pump sizing, and other design 
considerations.  Install piping as indicated unless deviations to layout are approved on 
Coordination Drawings. 

B. Install piping in concealed locations, unless otherwise indicated and except in 
equipment rooms and service areas. 

C. Install piping indicated to be exposed and piping in equipment rooms and service areas 
at right angles or parallel to building walls.  Diagonal runs are prohibited unless 
specifically indicated otherwise. 

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel 
removal. 

E. Install piping to permit valve servicing. 
F. Install piping at indicated slopes. 
G. Install piping free of sags and bends. 
H. Install fittings for changes in direction and branch connections. 
I. Install piping to allow application of insulation. 
J. Select system components with pressure rating equal to or greater than system 

operating pressure. 
K. Install groups of pipes parallel to each other, spaced to permit applying insulation and 

servicing of valves. 
L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded 

nipple with cap, at low points in piping system mains and elsewhere as required for 
system drainage. 

M. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 
N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 
O. Install branch connections to mains using tee fittings in main pipe, with the branch 

connected to the bottom of the main pipe.  For up-feed risers, connect the branch to 
the top of the main pipe. 

P. Install valves according to Division 23 Section "General-Duty Valves for HVAC Piping." 
Q. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of 

equipment, and elsewhere as indicated. 
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R. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and 
elsewhere as indicated. 

S. Install strainers on inlet side of each control valve, pressure-reducing valve, solenoid 
valve, in-line pump, and elsewhere as indicated.  Install NPS 3/4 nipple and ball valve 
in blowdown connection of strainers NPS 2 and larger.  Match size of strainer blowoff 
connection for strainers smaller than NPS 2. 

T. Install expansion loops, expansion joints, anchors, and pipe alignment guides as 
specified in Division 23 Section "Expansion Fittings and Loops for HVAC Piping." 

U. Identify piping as specified in Division 23 Section "Identification for HVAC Piping and 
Equipment." 

3.4 HANGERS AND SUPPORTS 
A. Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and 

Supports for HVAC Piping and Equipment." Comply with the following requirements for 
maximum spacing of supports. 

B. Install the following pipe attachments: 
1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet 

long. 
2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 

feet or longer. 
3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, 

supported on a trapeze. 
4. Spring hangers to support vertical runs. 
5. Provide copper-clad hangers and supports for hangers and supports in direct 

contact with copper pipe. 
6. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger 

from scratching pipe. 
C. Install hangers for steel piping with the following maximum spacing and minimum rod 

sizes: 
1. NPS 3/4:  Maximum span, 7 feet; minimum rod size, 1/4 inch. 
2. NPS 1:  Maximum span, 7 feet; minimum rod size, 1/4 inch. 
3. NPS 1-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch. 
4. NPS 2:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 
5. NPS 2-1/2:  Maximum span, 11 feet; minimum rod size, 3/8 inch. 
6. NPS 3:  Maximum span, 12 feet; minimum rod size, 3/8 inch. 
7. NPS 4:  Maximum span, 14 feet; minimum rod size, 1/2 inch. 
8. NPS 6:  Maximum span, 17 feet; minimum rod size, 1/2 inch. 
9. NPS 8:  Maximum span, 19 feet; minimum rod size, 5/8 inch. 
10. NPS 10:  Maximum span, 20 feet; minimum rod size, 3/4 inch. 
11. NPS 12:  Maximum span, 23 feet; minimum rod size, 7/8 inch. 
12. NPS 14:  Maximum span, 25 feet; minimum rod size, 1 inch. 
13. NPS 16:  Maximum span, 27 feet; minimum rod size, 1 inch. 
14. NPS 18:  Maximum span, 28 feet; minimum rod size, 1-1/4 inches. 
15. NPS 20:  Maximum span, 30 feet; minimum rod size, 1-1/4 inches. 

D. Install hangers for drawn-temper copper piping with the following maximum spacing 
and minimum rod sizes: 
1. NPS 3/4:  Maximum span, 5 feet; minimum rod size, 1/4 inch. 
2. NPS 1:  Maximum span, 6 feet; minimum rod size, 1/4 inch. 
3. NPS 1-1/2:  Maximum span, 8 feet; minimum rod size, 3/8 inch. 
4. NPS 2:  Maximum span, 8 feet; minimum rod size, 3/8 inch. 
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5. NPS 2-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch. 
6. NPS 3:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 

E. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors. 

3.5 PIPE JOINT CONSTRUCTION 
A. Join pipe and fittings according to the following requirements and Division 23 Sections 

specifying piping systems. 
B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 
C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 

assembly. 
D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, 

to tube end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube 
Handbook," using lead-free solder alloy complying with ASTM B 32. 

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and 
Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS 
A5.8. 

F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  
Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs 
and restore full ID.  Join pipe fittings and valves as follows: 
1. Apply appropriate tape or thread compound to external pipe threads unless dry 

seal threading is specified. 
2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are 

corroded or damaged.  Do not use pipe sections that have cracked or open 
welds. 

G. Welded Joints:  Construct joints according to AWS D10.12/D10.12M, using qualified 
processes and welding operators according to Part 1 "Quality Assurance" Article. 

H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for 
service application.  Install gasket concentrically positioned.  Use suitable lubricants on 
bolt threads. 

3.6 HYDRONIC SPECIALTIES INSTALLATION 
A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as 

required for system air venting. 
B. Install automatic air vents at high points of system piping in mechanical equipment 

rooms only.  Manual vents at heat-transfer coils and elsewhere as required for air 
venting. 

C. Install piping from boiler air outlet, air separator, or air purger to expansion tank with a 
2 percent upward slope toward tank. 

D. Install tangential air separator in pump suction.  Install blowdown piping with gate or 
full-port ball valve; extend full size to nearest floor drain. 

E. Install bypass chemical feeders in each hydronic system where indicated, in upright 
position with top of funnel not more than 48 inches above the floor.  Install feeder in 
minimum NPS 3/4 bypass line, from main with full-size, full-port, ball valve in the main 
between bypass connections.  Install NPS 3/4 pipe from chemical feeder drain, to 
nearest equipment drain and include a full-size, full-port, ball valve. 

F. Install expansion tanks on the floor.  Vent and purge air from hydronic system, and 
ensure tank is properly charged with air to suit system Project requirements. 
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3.7 TERMINAL EQUIPMENT CONNECTIONS 
A. Sizes for supply and return piping connections shall be the same as or larger than 

equipment connections. 
B. Install control valves in accessible locations close to connected equipment. 
C. Install bypass piping with globe valve around control valve.  If parallel control valves 

are installed, only one bypass is required. 
D. Install ports for pressure gages and thermometers at coil inlet and outlet connections 

according to Division 23 Section "Meters and Gages for HVAC Piping." 

3.8 FIELD QUALITY CONTROL 
A. Prepare hydronic piping according to ASME B31.9 and as follows: 

1. Leave joints, including welds, uninsulated and exposed for examination during 
test. 

2. Provide temporary restraints for expansion joints that cannot sustain reactions 
due to test pressure.  If temporary restraints are impractical, isolate expansion 
joints from testing. 

3. Flush hydronic piping systems with clean water; then remove and clean or 
replace strainer screens. 

4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure 
shall be capable of sealing against test pressure without damage to valve.  Install 
blinds in flanged joints to isolate equipment. 

5. Install safety valve, set at a pressure no more than one-third higher than test 
pressure, to protect against damage by expanding liquid or other source of 
overpressure during test. 

B. Perform the following tests on hydronic piping: 
1. Use ambient temperature water as a testing medium unless there is risk of 

damage due to freezing.  Another liquid that is safe for workers and compatible 
with piping may be used. 

2. While filling system, use vents installed at high points of system to release air.  
Use drains installed at low points for complete draining of test liquid. 

3. Isolate expansion tanks and determine that hydronic system is full of water. 
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times 

the system's working pressure.  Test pressure shall not exceed maximum 
pressure for any vessel, pump, valve, or other component in system under test.  
Verify that stress due to pressure at bottom of vertical runs does not exceed 90 
percent of specified minimum yield strength or 1.7 times "SE" value in Appendix 
A in ASME B31.9, "Building Services Piping." 

5. After hydrostatic test pressure has been applied for at least 10 minutes, examine 
piping, joints, and connections for leakage.  Eliminate leaks by tightening, 
repairing, or replacing components, and repeat hydrostatic test until there are no 
leaks. 

6. Prepare written report of testing. 
C. Perform the following before operating the system: 

1. Open manual valves fully. 
2. Inspect pumps for proper rotation. 
3. Set makeup pressure-reducing valves for required system pressure. 
4. Inspect air vents at high points of system and determine if all are installed and 

operating freely (automatic type), or bleed air completely (manual type). 
5. Set temperature controls so all coils are calling for full flow. 
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6. Inspect and set operating temperatures of hydronic equipment, such as boilers, 
chillers, cooling towers, to specified values. 

7. Verify lubrication of motors and bearings. 

END OF SECTION 232113 
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SECTION 233113 - METAL DUCTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 
A. Section Includes: 

1. Single-wall rectangular ducts and fittings. 
2. Single-wall round ducts and fittings. 
3. Sheet metal materials. 
4. Duct liner. 
5. Sealants and gaskets. 
6. Hangers and supports. 

B. Related Sections: 
1. Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing, 

adjusting, and balancing requirements for metal ducts. 
2. Division 23 Section "Nonmetal Ducts" for fibrous-glass ducts, thermoset fiber-

reinforced plastic ducts, thermoplastic ducts, PVC ducts, and concrete ducts. 
3. Division 23 Section "HVAC Casings" for factory- and field-fabricated casings for 

mechanical equipment. 
4. Division 23 Section "Air Duct Accessories" for dampers, sound-control devices, 

duct-mounting access doors and panels, turning vanes, and flexible ducts. 

1.3 PERFORMANCE REQUIREMENTS 
A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam 

and joint construction, reinforcements, and hangers and supports, shall comply with 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and 
performance requirements and design criteria indicated in "Duct Schedule" Article. 

B. Structural Performance:  Duct hangers and supports shall withstand the effects of 
gravity loads and stresses within limits and under conditions described in SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible"  

C. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 
requirements in ASHRAE 62.1-2004. 

1.4 SUBMITTALS 
A. Product Data:  For each type of the following products: 

1. Liners and adhesives. 
2. Sealants and gaskets. 
3. Seismic-restraint devices. 

B. Shop Drawings: 
1. Fabrication, assembly, and installation, including plans, elevations, sections, 

components, and attachments to other work. 
2. Factory- and shop-fabricated ducts and fittings. 
3. Duct layout indicating sizes, configuration, liner material, and static-pressure 

classes. 
4. Elevation of top of ducts. 
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5. Dimensions of main duct runs from building grid lines. 
6. Fittings. 
7. Reinforcement and spacing. 
8. Seam and joint construction. 
9. Penetrations through fire-rated and other partitions. 
10. Equipment installation based on equipment being used on Project. 
11. Locations for duct accessories, including dampers, turning vanes, and access 

doors and panels. 
12. Hangers and supports, including methods for duct and building attachment and 

vibration isolation. 
C. Coordination Drawings:  Plans, drawn to scale, on which the following items are shown 

and coordinated with each other, using input from installers of the items involved: 
1. Duct installation in congested spaces, indicating coordination with general 

construction, building components, and other building services.  Indicate 
proposed changes to duct layout. 

2. Suspended ceiling components. 
3. Structural members to which duct will be attached. 
4. Size and location of initial access modules for acoustical tile. 
5. Penetrations of smoke barriers and fire-rated construction. 
6. Items penetrating finished ceiling including the following: 

a. Lighting fixtures. 
b. Air outlets and inlets. 
c. Speakers. 
d. Sprinklers. 
e. Access panels. 
f. Perimeter moldings. 

D. Welding certificates. 

1.5 QUALITY ASSURANCE 
A. Welding Qualifications:  Qualify procedures and personnel according to AWS 

D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 
B. Welding Qualifications:  Qualify procedures and personnel according to the following: 

1. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 

PART 2 - PRODUCTS 

2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS 
A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible" based on indicated static-pressure class unless 
otherwise indicated. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 1-4, "Transverse (Girth) 
Joints," for static-pressure class, applicable sealing requirements, materials involved, 
duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible." 

C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 1-5, "Longitudinal Seams - 
Rectangular Ducts," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 
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D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  
Select types and fabricate according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Chapter 2, "Fittings and Other Construction," for 
static-pressure class, applicable sealing requirements, materials involved, duct-support 
intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible." 

2.2 SINGLE-WALL ROUND DUCTS AND FITTINGS 
A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based 
on indicated static-pressure class unless otherwise indicated. 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. McGill AirFlow LLC. 
b. SEMCO Incorporated. 
c. Sheet Metal Connectors, Inc. 
d. Spiral Manufacturing Co., Inc. 

B. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and 
diameter of the round sides connecting the flat portions of the duct (minor dimension). 

C. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 3-2, "Transverse Joints - 
Round Duct," for static-pressure class, applicable sealing requirements, materials 
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible." 

D. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 3-1, "Seams - Round Duct 
and Fittings," for static-pressure class, applicable sealing requirements, materials 
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible." 

E. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-4, "90 Degree Tees and 
Laterals," and Figure 3-5, "Conical Tees," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

2.3 SHEET METAL MATERIALS 
A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible" for acceptable materials, material thicknesses, and 
duct construction methods unless otherwise indicated.  Sheet metal materials shall be 
free of pitting, seam marks, roller marks, stains, discolorations, and other 
imperfections. 

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 
1. Galvanized Coating Designation:  G60. 

C. Carbon-Steel Sheets:  Comply with ASTM A 1008/A 1008M, with oiled, matte finish for 
exposed ducts. 

D. Stainless-Steel Sheets:  Comply with ASTM A 480/A 480M, Type 304 or 316, as 
indicated in the "Duct Schedule" Article; cold rolled, annealed, sheet.  Exposed surface 
finish shall be No. 2B, No. 2D, No. 3, or No. 4 as indicated in the "Duct Schedule" 
Article. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 
 

 23 31 13 - 4 Metal Ducts 

E. Aluminum Sheets:  Comply with ASTM B 209 Alloy 3003, H14 temper; with mill finish 
for concealed ducts, and standard, one-side bright finish for duct surfaces exposed to 
view. 

F. Factory- or Shop-Applied Antimicrobial Coating: 
1. Apply to the surface of sheet metal that will form the interior surface of the duct.  

An untreated clear coating shall be applied to the exterior surface. 
2. Antimicrobial compound shall be tested for efficacy by an NRTL and registered 

by the EPA for use in HVAC systems. 
3. Coating containing the antimicrobial compound shall have a hardness of 2H, 

minimum, when tested according to ASTM D 3363. 
4. Surface-Burning Characteristics:  Maximum flame-spread index of 25 and 

maximum smoke-developed index of 50 when tested according to UL 723; 
certified by an NRTL. 

5. Shop-Applied Coating Color:  Black. 
6. Antimicrobial coating on sheet metal is not required for duct containing liner 

treated with antimicrobial coating. 
G. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, and bars; 

black and galvanized. 
1. Where black- and galvanized-steel shapes and plates are used to reinforce 

aluminum ducts, isolate the different metals with butyl rubber, neoprene, or 
EPDM gasket materials. 

H. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 
3/8-inch minimum diameter for lengths longer than 36 inches. 

2.4 DUCT LINER 
A. Flexible Elastomeric Duct Liner:  Preformed, cellular, closed-cell, sheet materials 

complying with ASTM C 534, Type II, Grade 1; and with NFPA 90A or NFPA 90B. 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Aeroflex USA Inc. 
b. Armacell LLC. 
c. Rubatex International, LLC 

2. Surface-Burning Characteristics:  Maximum flame-spread index of 25 and 
maximum smoke-developed index of 50 when tested according to UL 723; 
certified by an NRTL. 

3. Liner Adhesive:  As recommended by insulation manufacturer and complying 
with NFPA 90A or NFPA 90B. 
a. For indoor applications, use adhesive that has a VOC content of 50 g/L or 

less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
B. Insulation Pins and Washers: 

1. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel 
pin, fully annealed for capacitor-discharge welding, 0.106-inch  diameter shank, 
length to suit depth of insulation indicated with integral 1-1/2-inch galvanized 
carbon-steel washer. 

2. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch 
thick galvanized steel; with beveled edge sized as required to hold insulation 
securely in place but not less than 1-1/2 inches in diameter. 

C. Shop Application of Duct Liner:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 2-19, "Flexible Duct Liner Installation." 
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1. Adhere a single layer of indicated thickness of duct liner with at least 90 percent 
adhesive coverage at liner contact surface area.  Attaining indicated thickness 
with multiple layers of duct liner is prohibited. 

2. Apply adhesive to transverse edges of liner facing upstream that do not receive 
metal nosing. 

3. Butt transverse joints without gaps, and coat joint with adhesive. 
4. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure 

butted-edge overlapping. 
5. Do not apply liner in rectangular ducts with longitudinal joints, except at corners 

of ducts, unless duct size and dimensions of standard liner make longitudinal 
joints necessary. 

6. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 
fpm. 

7. Secure liner with mechanical fasteners 4 inches from corners and at intervals not 
exceeding 12 inches transversely; at 3 inches from transverse joints and at 
intervals not exceeding 18 inches longitudinally. 

8. Secure transversely oriented liner edges facing the airstream with metal nosings 
that have either channel or "Z" profiles or are integrally formed from duct wall.  
Fabricate edge facings at the following locations: 
a. Fan discharges. 
b. Intervals of lined duct preceding unlined duct. 
c. Upstream edges of transverse joints in ducts where air velocities are higher 

than 2500 fpm or where indicated. 
9. Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, 

turning vane assemblies, or other devices.  Fabricated buildouts (metal hat 
sections) or other buildout means are optional; when used, secure buildouts to 
duct walls with bolts, screws, rivets, or welds. 

2.5 SEALANT AND GASKETS 
A. General Sealant and Gasket Requirements:  Surface-burning characteristics for 

sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum 
smoke-developed index of 50 when tested according to UL 723; certified by an NRTL. 

B. Water-Based Joint and Seam Sealant: 
1. Application Method:  Brush on. 
2. Solids Content:  Minimum 65 percent. 
3. Shore A Hardness:  Minimum 20. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. VOC:  Maximum 75 g/L (less water). 
7. Maximum Static-Pressure Class:  10-inch wg, positive and negative. 
8. Service:  Indoor or outdoor. 
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), 

stainless steel, or aluminum sheets. 
C. Flanged Joint Sealant:  Comply with ASTM C 920. 

1. General:  Single-component, acid-curing, silicone, elastomeric. 
2. Type:  S. 
3. Grade:  NS. 
4. Class:  25. 
5. Use:  O. 
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D. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene 
plasticizer. 

E. Round Duct Joint O-Ring Seals: 
1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and 

shall be rated for 10-inch wg static-pressure class, positive or negative. 
2. EPDM O-ring to seal in concave bead in coupling or fitting spigot. 
3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated 

couplings and fitting spigots. 

2.6 HANGERS AND SUPPORTS 
A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts. 
B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or 

galvanized rods with threads painted with zinc-chromate primer after installation. 
C. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - 

Metal and Flexible," Table 4-1, "Rectangular Duct Hangers Minimum Size," and Table 
4-2, "Minimum Hanger Sizes for Round Duct." 

D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with ASTM A 
603. 

E. Steel Cables for Stainless-Steel Ducts:  Stainless steel complying with ASTM A 492. 
F. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, 

and bolts designed for duct hanger service; with an automatic-locking and clamping 
device. 

G. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; 
compatible with duct materials. 

H. Trapeze and Riser Supports: 
1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates. 
2. Supports for Stainless-Steel Ducts:  Stainless-steel shapes and plates. 
3. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with zinc 

chromate. 

PART 3 - EXECUTION 

3.1 DUCT INSTALLATION 
A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 

duct system.  Indicated duct locations, configurations, and arrangements were used to 
size ducts and calculate friction loss for air-handling equipment sizing and for other 
design considerations.  Install duct systems as indicated unless deviations to layout are 
approved on Shop Drawings and Coordination Drawings. 

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" unless otherwise indicated. 

C. Install round ducts in maximum practical lengths. 
D. Install ducts with fewest possible joints. 
E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and 

for branch connections. 
F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 

perpendicular to building lines. 
G. Install ducts close to walls, overhead construction, columns, and other structural and 

permanent enclosure elements of building. 
H. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness. 
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I. Route ducts to avoid passing through transformer vaults and electrical equipment 
rooms and enclosures. 

J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are 
exposed to view, cover the opening between the partition and duct or duct insulation 
with sheet metal flanges of same metal thickness as the duct.  Overlap openings on 
four sides by at least 1-1/2 inches. 

K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire 
dampers.  Comply with requirements in Division 23 Section "Air Duct Accessories" for 
fire and smoke dampers. 

L. Protect duct interiors from moisture, construction debris and dust, and other foreign 
materials. Comply with SMACNA's "Duct Cleanliness for New Construction 
Guidelines." 

3.2 INSTALLATION OF EXPOSED DUCTWORK 
A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged. 
B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed bead.  Do 

not use two-part tape sealing system. 
C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.  

When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the 
exposed welds, and treat the welds to remove discoloration caused by welding. 

D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of 
fittings, hangers and supports, duct accessories, and air outlets. 

E. Repair or replace damaged sections and finished work that does not comply with these 
requirements. 

3.3 DUCT SEALING 
A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in 

"Duct Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible." 

B. Seal ducts to the following seal classes according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible": 
1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible." 
2. Outdoor, Supply-Air Ducts:  Seal Class A. 
3. Outdoor, Exhaust Ducts:  Seal Class C. 
4. Outdoor, Return-Air Ducts:  Seal Class C. 
5. Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and 

Lower:  Seal Class B. 
6. Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than2-Inch 

wg:  Seal Class A. 
7. Unconditioned Space, Exhaust Ducts:  Seal Class C. 
8. Unconditioned Space, Return-Air Ducts:  Seal Class B. 
9. Conditioned Space, Supply-Air Ducts in Pressure Classes2-Inch wg and Lower:  

Seal Class C. 
10. Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch 

wg:  Seal Class B. 
11. Conditioned Space, Exhaust Ducts:  Seal Class B. 
12. Conditioned Space, Return-Air Ducts:  Seal Class C. 
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3.4 HANGER AND SUPPORT INSTALLATION 
A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 

Chapter 4, "Hangers and Supports." 
B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel 

fasteners appropriate for construction materials to which hangers are being attached. 
1. Where practical, install concrete inserts before placing concrete. 
2. Install powder-actuated concrete fasteners after concrete is placed and 

completely cured. 
3. Use powder-actuated concrete fasteners for standard-weight aggregate 

concretes or for slabs more than 4 inches thick. 
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate 

concretes or for slabs less than 4 inches thick. 
5. Do not use powder-actuated concrete fasteners for seismic restraints. 

C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Table 4-1, "Rectangular Duct Hangers Minimum Size," and Table 4-2, 
"Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers 
and supports within 24 inches of each elbow and within 48 inches of each branch 
intersection. 

D. Hangers Exposed to View:  Threaded rod and angle or channel supports. 
E. Support vertical ducts with steel angles or channel secured to the sides of the duct with 

welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a 
maximum intervals of 16 feet. 

F. Install upper attachments to structures.  Select and size upper attachments with pull-
out, tension, and shear capacities appropriate for supported loads and building 
materials where used. 

3.5 CONNECTIONS 
A. Make connections to equipment with flexible connectors complying with Division 23 

Section "Air Duct Accessories." 
B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 

branch, outlet and inlet, and terminal unit connections. 

3.6 PAINTING 
A. Paint interior of metal ducts that are visible through registers and grilles and that do not 

have duct liner.  Apply one coat of flat, black, latex paint over a compatible galvanized-
steel primer.  Paint materials and application requirements are specified in Division 09 
painting Sections. 

3.7 FIELD QUALITY CONTROL 
A. Perform tests and inspections. 
B. Leakage Tests: 

1. Comply with SMACNA's "HVAC Air Duct Leakage Test Manual."  Submit a test 
report for each test. 

2. Test the following systems: 
a. Ducts with a Pressure Class Higher Than 3-Inch wg:  Test representative 

duct sections totaling no less than 25 percent of total installed duct area for 
each designated pressure class. 

3. Disassemble, reassemble, and seal segments of systems to accommodate 
leakage testing and for compliance with test requirements. 

4. Test for leaks before applying external insulation. 
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5. Conduct tests at static pressures equal to maximum design pressure of system 
or section being tested.  If static-pressure classes are not indicated, test system 
at maximum system design pressure.  Do not pressurize systems above 
maximum design operating pressure. 

6. Give seven days' advance notice for testing. 
C. Duct System Cleanliness Tests: 

1. Visually inspect duct system to ensure that no visible contaminants are present. 
2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness 

according to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and 
Restoration of HVAC Systems." 
a. Acceptable Cleanliness Level:  Net weight of debris collected on the filter 

media shall not exceed 0.75 mg/100 sq. cm. 
D. Duct system will be considered defective if it does not pass tests and inspections. 
E. Prepare test and inspection reports. 

3.8 DUCT CLEANING 
A. Clean new and existing duct system(s) before testing, adjusting, and balancing. 
B. Use service openings for entry and inspection. 

1. Create new openings and install access panels appropriate for duct static-
pressure class if required for cleaning access.  Provide insulated panels for 
insulated or lined duct.  Patch insulation and liner as recommended by duct liner 
manufacturer.  Comply with Division 23 Section "Air Duct Accessories" for 
access panels and doors. 

2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection. 
3. Remove and reinstall ceiling to gain access during the cleaning process. 

C. Particulate Collection and Odor Control: 
1. When venting vacuuming system inside the building, use HEPA filtration with 

99.97 percent collection efficiency for 0.3-micron-size (or larger) particles. 
2. When venting vacuuming system to outdoors, use filter to collect debris removed 

from HVAC system, and locate exhaust downwind and away from air intakes and 
other points of entry into building. 

D. Clean the following components by removing surface contaminants and deposits: 
1. Air outlets and inlets (registers, grilles, and diffusers). 
2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling 

supply and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, 
and drive assemblies. 

3. Air-handling unit internal surfaces and components including mixing box, coil 
section, air wash systems, spray eliminators, condensate drain pans, humidifiers 
and dehumidifiers, filters and filter sections, and condensate collectors and 
drains. 

4. Coils and related components. 
5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling 

plenums and mechanical equipment rooms. 
6. Supply-air ducts, dampers, actuators, and turning vanes. 
7. Dedicated exhaust and ventilation components and makeup air systems. 

E. Mechanical Cleaning Methodology: 
1. Clean metal duct systems using mechanical cleaning methods that extract 

contaminants from within duct systems and remove contaminants from building. 
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2. Use vacuum-collection devices that are operated continuously during cleaning.  
Connect vacuum device to downstream end of duct sections so areas being 
cleaned are under negative pressure. 

3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces 
without damaging integrity of metal ducts, duct liner, or duct accessories. 

4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit 
duct liner to get wet.  Replace fibrous-glass duct liner that is damaged, 
deteriorated, or delaminated or that has friable material, mold, or fungus growth. 

5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain pan 
operational.  Rinse coils with clean water to remove latent residues and cleaning 
materials; comb and straighten fins. 

6. Provide drainage and cleanup for wash-down procedures. 
7. Antimicrobial Agents and Coatings:  Apply EPA-registered antimicrobial agents if 

fungus is present.  Apply antimicrobial agents according to manufacturer's written 
instructions after removal of surface deposits and debris. 

3.9 START UP 
A. Air Balance:  Comply with requirements in Division 23 Section "Testing, Adjusting, and 

Balancing for HVAC." 

3.10 DUCT SCHEDULE 
A. Supply Ducts: 

1. Ducts Connected to Variable-Air-Volume Air-Handling Units : 
a. Pressure Class:  Positive 3-inch wg. 
b. Minimum SMACNA Seal Class:  B. 
c. SMACNA Leakage Class for Rectangular:  6. 
d. SMACNA Leakage Class for Round and Flat Oval:  6. 

2. Ducts Connected to Equipment Not Listed Above: 
a. Pressure Class:  3. -inch wg 
b. Minimum SMACNA Seal Class:  B. 
c. SMACNA Leakage Class for Rectangular:  6. 
d. SMACNA Leakage Class for Round and Flat Oval:  6. 

B. Return Ducts: 
1. Ducts Connected to Air-Handling Units: 

a. Pressure Class:  Positive or negative 2-inch wg. 
b. Minimum SMACNA Seal Class:  B. 
c. SMACNA Leakage Class for Rectangular:  12. 
d. SMACNA Leakage Class for Round and Flat Oval:  12. 

2. Ducts Connected to Equipment Not Listed Above: 
a. Pressure Class:  Positive or negative 2-inch wg. 
b. Minimum SMACNA Seal Class:  B. 
c. SMACNA Leakage Class for Rectangular:  6. 
d. SMACNA Leakage Class for Round and Flat Oval:  6. 

C. Exhaust Ducts: 
1. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air: 

a. Pressure Class:  Negative 2-inch wg. 
b. Minimum SMACNA Seal Class:  B if negative pressure, and A if positive 

pressure. 
c. SMACNA Leakage Class for Rectangular:  12. 
d. SMACNA Leakage Class for Round and Flat Oval:  12. 
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2. Ducts Connected to Commercial Kitchen Hoods:  Comply with NFPA 96. 
a. Exposed to View:  Type 304, stainless-steel sheet, No. 4 finish. 
b. Concealed:  Type 304, stainless-steel sheet, No. 2D finish. 
c. Welded seams and joints. 
d. Pressure Class:  Positive or negative 3-inch wg. 
e. Minimum SMACNA Seal Class:  Welded seams, joints, and penetrations. 
f. SMACNA Leakage Class:  3. 

3. Ducts Connected to Fans Exhausting Laboratory and Process (ASHRAE 62.1, 
Class 3 and 4) Air: 
a. Type 304, stainless-steel sheet. 

1) Exposed to View:  No. 4 finish. 
2) Concealed:  No. 2D finish. 

b. Pressure Class:  Positive or negative 3-inch wg. 
c. Minimum SMACNA Seal Class:  Welded seams, joints, and penetrations. 
d. SMACNA Leakage Class:  3. 

4. Ducts Connected to Equipment Not Listed Above: 
a. Pressure Class:  Positive or negative 2-inch wg. 
b. Minimum SMACNA Seal Class:  B if negative pressure, and A if positive 

pressure. 
c. SMACNA Leakage Class for Rectangular:  12. 
d. SMACNA Leakage Class for Round and Flat Oval:  12. 

D. Intermediate Reinforcement: 
1. Galvanized-Steel Ducts:  Galvanized steel. 
2. Stainless-Steel Ducts: 

a. Exposed to Airstream:  Match duct material. 
b. Not Exposed to Airstream:  Galvanized. 

E. Liner: 
1. Supply Air Ducts:  Fibrous glass, Type I, 1” thick 
2. Supply Fan Plenums:  Fibrous glass, Type II, 

F. Elbow Configuration: 
1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards 

- Metal and Flexible," Figure 2-2, "Rectangular Elbows." 
a. Velocity 1000 fpm or Lower: 

1) Radius Type RE 1 with minimum 0.5 radius-to-diameter ratio. 
2) Mitered Type RE 4 without vanes. 

b. Velocity 1000 to 1500 fpm: 
1) Radius Type RE 1 with minimum 1.0 radius-to-diameter ratio. 
2) Radius Type RE 3 with minimum 0.5 radius-to-diameter ratio and two 

vanes. 
3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC 

Duct Construction Standards - Metal and Flexible," Figure 2-3, 
"Vanes and Vane Runners," and Figure 2-4, "Vane Support in 
Elbows." 

c. Velocity 1500 fpm or Higher: 
1) Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 
2) Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two 

vanes. 
3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC 

Duct Construction Standards - Metal and Flexible," Figure 2-3, 
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"Vanes and Vane Runners," and Figure 2-4, "Vane Support in 
Elbows." 

2. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards 
- Metal and Flexible," Figure 2-2, "Rectangular Elbows." 
a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 
b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two 

vanes. 
c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane 
Runners," and Figure 2-4, "Vane Support in Elbows." 

3. Round Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible," Figure 3-3, "Round Duct Elbows." 
a. Minimum Radius-to-Diameter Ratio and Elbow Segments:  Comply with 

SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Table 3-1, "Mitered Elbows."  Elbows with less than 90-degree change of 
direction have proportionately fewer segments. 
1) Velocity 1000 fpm or Lower:  0.5 radius-to-diameter ratio and three 

segments for 90-degree elbow. 
2) Velocity 1000 to 1500 fpm:  1.0 radius-to-diameter ratio and four 

segments for 90-degree elbow. 
3) Velocity 1500 fpm or Higher:  1.5 radius-to-diameter ratio and five 

segments for 90-degree elbow. 
4) Radius-to Diameter Ratio:  1.5. 

b. Round Elbows, 12 Inches and Smaller in Diameter:  Stamped or pleated. 
c. Round Elbows, 14 Inches and Larger in Diameter:  Standing seam. 

G. Branch Configuration: 
1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards 

- Metal and Flexible," Figure 2-6, "Branch Connections." 
a. Rectangular Main to Rectangular Branch:  45-degree entry. 
b. Rectangular Main to Round Branch:  Spin in. 

2. Round and Flat Oval:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 3-4, "90 Degree Tees and Laterals," and 
Figure 3-5, "Conical Tees."  Saddle taps are permitted in existing duct. 
a. Velocity 1000 fpm or Lower:  90-degree tap. 
b. Velocity 1000 to 1500 fpm:  Conical tap. 
c. Velocity 1500 fpm or Higher:  45-degree lateral. 

END OF SECTION 233113 
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SECTION 233300 - AIR DUCT ACCESSORIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 
A. Section Includes: 

1. Manual volume dampers. 
2. Fire dampers. 
3. Smoke dampers. 
4. Combination fire and smoke dampers. 
5. Turning vanes. 
6. Duct-mounted access doors. 
7. Flexible connectors. 
8. Duct accessory hardware. 

B. Related Sections: 
1. Division 23 Section "HVAC Gravity Ventilators" for roof-mounted ventilator caps. 
2. Division 28 Section "Fire Detection and Alarm" for duct-mounted fire and smoke 

detectors. 

1.3 SUBMITTALS 
A. Product Data:  For each type of product indicated. 

1. For duct silencers, include pressure drop and dynamic insertion loss data.  
Include breakout noise calculations for high transmission loss casings. 

B. Shop Drawings:  For duct accessories.  Include plans, elevations, sections, details and 
attachments to other work. 
1. Detail duct accessories fabrication and installation in ducts and other 

construction.  Include dimensions, weights, loads, and required clearances; and 
method of field assembly into duct systems and other construction.  Include the 
following: 
a. Special fittings. 
b. Manual volume damper installations. 
c. Fire-damper, smoke-damper, combination fire- and smoke-damper, ceiling, 

and corridor damper installations, including sleeves; and duct-mounted 
access doors and remote damper operators. 

d. Wiring Diagrams:  For power, signal, and control wiring. 
C. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which ceiling-

mounted access panels and access doors required for access to duct accessories are 
shown and coordinated with each other, using input from Installers of the items 
involved. 

D. Operation and Maintenance Data:  For air duct accessories to include in operation and 
maintenance manuals. 

1.4 QUALITY ASSURANCE 
A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and 

with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 
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B. Comply with AMCA 500-D testing for damper rating. 

1.5 EXTRA MATERIALS 
A. Furnish extra materials that match products installed and that are packaged with 

protective covering for storage and identified with labels describing contents. 
1. Fusible Links:  Furnish quantity equal to 10 percent of amount installed. 

PART 2 - PRODUCTS 

2.1 MATERIALS 
A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 

acceptable materials, material thicknesses, and duct construction methods unless 
otherwise indicated.  Sheet metal materials shall be free of pitting, seam marks, roller 
marks, stains, discolorations, and other imperfections. 

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 
1. Galvanized Coating Designation:  G60. 
2. Exposed-Surface Finish:  Mill phosphatized. 

C. Stainless-Steel Sheets:  Comply with ASTM A 480/A 480M, Type 304, and having a 
No. 2 finish for concealed ducts. 

D. Aluminum Sheets:  Comply with ASTM B 209, Alloy 3003, Temper H14; with mill finish 
for concealed ducts and standard, 1-side bright finish for exposed ducts. 

E. Extruded Aluminum:  Comply with ASTM B 221, Alloy 6063, Temper T6. 
F. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on 

galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel 
ducts. 

G. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 
3/8-inch minimum diameter for lengths longer than 36 inches. 

2.2 MANUAL VOLUME DAMPERS 
A. Standard, Steel, Manual Volume Dampers: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. METALAIRE, Inc. 
b. Nailor Industries Inc. 
c. Ruskin Company. 

2. Standard leakage rating, with linkage outside airstream. 
3. Suitable for horizontal or vertical applications. 
4. Frames: 

a. Hat-shaped, galvanized channels, 0.064-inch minimum thickness. 
b. Mitered and welded corners. 
c. Flanges for attaching to walls and flangeless frames for installing in ducts. 

5. Blades: 
a. Multiple or single blade. 
b. Parallel- or opposed-blade design. 
c. Stiffen damper blades for stability. 
d. GalvanizedStainless-steel, 0.064 inch thick. 

6. Blade Axles:  Galvanized steel. 
7. Bearings: 

a.  Molded synthetic or Stainless-steel sleeve. 
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b. Dampers in ducts with pressure classes of 3-inch wg or less shall have 
axles full length of damper blades and bearings at both ends of operating 
shaft. 

8. Tie Bars and Brackets:  Galvanized steel. 
B. Standard, Aluminum, Manual Volume Dampers: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. METALAIRE, Inc. 
b. Nailor Industries Inc. 
c. Ruskin Company. 

2. Standard leakage rating, with linkage outside airstream. 
3. Suitable for horizontal or vertical applications. 
4. Frames:  Hat-shaped, 0.10-inch thick, aluminum sheet channels; frames with 

flanges for attaching to walls and flangeless frames for installing in ducts. 
5. Blades: 

a. Multiple or single blade. 
b. Parallel- or opposed-blade design. 
c. Stiffen damper blades for stability. 
d. Roll-Formed Aluminum Blades:  0.10-inch thick aluminum sheet. 
e. Extruded-Aluminum Blades:  0.050-inch thick extruded aluminum. 

6. Blade Axles:  Galvanized steel. 
7. Bearings: 

a.  Molded synthetic or Stainless-steel sleeve. 
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have 

axles full length of damper blades and bearings at both ends of operating 
shaft. 

8. Tie Bars and Brackets:  Aluminum. 
C. Low-Leakage, Steel, Manual Volume Dampers: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. METALAIRE, Inc. 
b. Nailor Industries Inc. 
c. Ruskin Company. 

2. Low-leakage rating, with linkage outside airstream, and bearing AMCA's Certified 
Ratings Seal for both air performance and air leakage. 

3. Suitable for horizontal or vertical applications. 
4. Frames:  

a. Hat shaped. 
b. GalvanizedStainless-steel channels, 0.064 inch thick. 
c. Mitered and welded corners. 
d. Flanges for attaching to walls and flangeless frames for installing in ducts. 

5. Blades: 
a. Multiple or single blade. 
b. Parallel- or opposed-blade design. 
c. Stiffen damper blades for stability. 
d. GalvanizedStainless, roll-formed steel, 0.064 inch thick. 

6. Blade Axles:  Galvanized steel. 
7. Bearings: 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 
 

 23 33 00 - 4 Air Duct Accessories 

a.  Molded synthetic or Stainless-steel sleeve. 
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have 

axles full length of damper blades and bearings at both ends of operating 
shaft. 

8. Blade Seals:  Neoprene. 
9. Jamb Seals:  Cambered stainless steel. 
10. Tie Bars and Brackets:  Galvanized steel. 
11. Accessories: 

a. Include locking device to hold single-blade dampers in a fixed position 
without vibration. 

D. Low-Leakage, Aluminum, Manual Volume Dampers: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. METALAIRE, Inc. 
b. Nailor Industries Inc. 
c. Ruskin Company. 

2. Low-leakage rating, with linkage outside airstream, and bearing AMCA's Certified 
Ratings Seal for both air performance and air leakage. 

3. Suitable for horizontal or vertical applications. 
4. Frames:  Hat-shaped, 0.10-inch thick, aluminum sheet channels; frames with 

flanges for attaching to walls and flangeless frames for installing in ducts. 
5. Blades: 

a. Multiple or single blade. 
b. Parallel- or opposed-blade design. 
c. Roll-Formed Aluminum Blades:  0.10-inch thick aluminum sheet. 
d. Extruded-Aluminum Blades:  0.050-inch thick extruded aluminum. 

6. Blade Axles:  Galvanized steel. 
7. Bearings: 

a.  Molded synthetic or Stainless-steel sleeve. 
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have 

axles full length of damper blades and bearings at both ends of operating 
shaft. 

8. Blade Seals:  Neoprene. 
9. Jamb Seals:  Cambered stainless steel. 
10. Tie Bars and Brackets:  Galvanized steel. 
11. Accessories: 

a. Include locking device to hold single-blade dampers in a fixed position 
without vibration. 

E. Jackshaft: 
1. Size:  1-inch diameter. 
2. Material:  Galvanized-steel pipe rotating within pipe-bearing assembly mounted 

on supports at each mullion and at each end of multiple-damper assemblies. 
3. Length and Number of Mountings:  As required to connect linkage of each 

damper in multiple-damper assembly. 
F. Damper Hardware: 

1. Zinc-plated, die-cast core with dial and handle made of 3/32-inch thick zinc-
plated steel, and a 3/4-inch hexagon locking nut. 

2. Include center hole to suit damper operating-rod size. 
3. Include elevated platform for insulated duct mounting. 
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2.3 FIRE DAMPERS 
A. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. METALAIRE, Inc. 
2. Nailor Industries Inc. 
3. Ruskin Company. 

B. Type:  Static and dynamic; rated and labeled according to UL 555 by an NRTL. 
C. Closing rating in ducts up to 4-inch wg static pressure class and minimum 4000-fpm 

velocity. 
D. Fire Rating:  1-1/2 hours. 
E. Frame:  Curtain type with blades outside airstream except when located behind grille 

where blades may be inside airstream; fabricated with roll-formed, 0.034-inch thick 
galvanized steel; with mitered and interlocking corners. 

F. Mounting Sleeve:  Factory- or field-installed, galvanized sheet steel. 
1. Minimum Thickness:  0.052 or 0.138 inch thick, as indicated, and of length to suit 

application. 
2. Exception:  Omit sleeve where damper-frame width permits direct attachment of 

perimeter mounting angles on each side of wall or floor; thickness of damper 
frame must comply with sleeve requirements. 

G. Mounting Orientation:  Vertical or horizontal as indicated. 
H. Blades:  Roll-formed, interlocking, 0.034-inch thick, galvanized sheet steel.  In place of 

interlocking blades, use full-length, 0.034-inch thick, galvanized-steel blade connectors. 
I. Horizontal Dampers:  Include blade lock and stainless-steel closure spring. 
J. Heat-Responsive Device:  Replaceable, 165 deg F 212 deg F  rated, fusible links. 

2.4 SMOKE DAMPERS 
A. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Greenheck Fan Corporation. 
2. Nailor Industries Inc. 
3. Ruskin Company. 

B. General Requirements:  Label according to UL 555S by an NRTL. 
C. Smoke Detector:  Integral, factory wired for single-point connection. 
D. Frame:  Curtain type with blades outside airstream except when located behind grille 

where blades may be inside airstream; fabricated with roll-formed, 0.034-inch thick 
galvanized steel; with mitered and interlocking corners. 

E. Blades:  Roll-formed, horizontal, interlocking, 0.034-inch thick, galvanized sheet steel.  
In place of interlocking blades, use full-length, 0.034-inch thick, galvanized-steel blade 
connectors. 

F. Leakage:  Class I Class II. 
G. Rated pressure and velocity to exceed design airflow conditions. 
H. Mounting Sleeve:  Factory-installed, 0.052-inch thick, galvanized sheet steel; length to 

suit wall or floor application. 
I. Comply with NEMA designation, temperature rating, service factor, enclosure type, and 

efficiency requirements for motors specified in Division 23 Section "Common Motor 
Requirements for HVAC Equipment." 
1. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven 

load will not require motor to operate in service factor range above 1.0. 
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2. Controllers, Electrical Devices, and Wiring:  Comply with requirements for 
electrical devices and connections specified in Division 26 Sections. 

3. Permanent-Split-Capacitor or Shaded-Pole Motors:  With oil-immersed and 
sealed gear trains. 

4. Spring-Return Motors:  Equip with an integral spiral-spring mechanism where 
indicated.  Enclose entire spring mechanism in a removable housing designed for 
service or adjustments.  Size for running torque rating of 150 in. x lbf and 
breakaway torque rating of 150 in. x lbf. 

5. Outdoor Motors and Motors in Outdoor-Air Intakes:  Equip with O-ring gaskets 
designed to make motors weatherproof.  Equip motors with internal heaters to 
permit normal operation at minus 40 deg F. 

6. Nonspring-Return Motors:  For dampers larger than 25 sq. ft., size motor for 
running torque rating of 150 in. x lbf and breakaway torque rating of 300 in. x lbf. 

7. Electrical Connection:  115 V, single phase, 60 Hz. 
J. Accessories: 

1. Auxiliary switches for position indication. 

2.5 COMBINATION FIRE AND SMOKE DAMPERS 
A. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Greenheck Fan Corporation. 
2. Nailor Industries Inc. 
3. Ruskin Company. 

B. Type:  Static and dynamic; rated and labeled according to UL 555 and UL 555S by an 
NRTL. 

C. Closing rating in ducts up to 4-inch wg static pressure class and minimum 4000-fpm 
velocity. 

D. Fire Rating:  1-1/2 hours. 
E. Frame:  Curtain type with blades outside airstream except when located behind grille 

where blades may be inside airstream; fabricated with roll-formed, 0.034-inch thick 
galvanized steel; with mitered and interlocking corners. 

F. Heat-Responsive Device:  Replaceable, 165 deg F 212 deg F  rated, fusible links. 
G. Smoke Detector:  Integral, factory wired for single-point connection. 
H. Frame:  Curtain type with blades outside airstream except when located behind grille 

where blades may be inside airstream; fabricated with roll-formed, 0.034-inch thick 
galvanized steel; with mitered and interlocking corners. 

I. Blades:  Roll-formed, horizontal, interlocking, 0.034-inch thick, galvanized sheet steel.  
In place of interlocking blades, use full-length, 0.034-inch thick, galvanized-steel blade 
connectors. 

J. Leakage:  Class I Class II. 
K. Rated pressure and velocity to exceed design airflow conditions. 
L. Mounting Sleeve:  Factory-installed, 0.052-inch thick, galvanized sheet steel; length to 

suit wall or floor application. 
M. Master control panel for use in dynamic smoke-management systems. 
N. Comply with NEMA designation, temperature rating, service factor, enclosure type, and 

efficiency requirements for motors specified in Division 23 Section "Common Motor 
Requirements for HVAC Equipment." 
1. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven 

load will not require motor to operate in service factor range above 1.0. 
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2. Controllers, Electrical Devices, and Wiring:  Comply with requirements for 
electrical devices and connections specified in Division 26 Sections. 

3. Permanent-Split-Capacitor or Shaded-Pole Motors:  With oil-immersed and 
sealed gear trains. 

4. Spring-Return Motors:  Equip with an integral spiral-spring mechanism where 
indicated.  Enclose entire spring mechanism in a removable housing designed for 
service or adjustments.  Size for running torque rating of 150 in. x lbf and 
breakaway torque rating of 150 in. x lbf. 

5. Outdoor Motors and Motors in Outdoor-Air Intakes:  Equip with O-ring gaskets 
designed to make motors weatherproof.  Equip motors with internal heaters to 
permit normal operation at minus 40 deg F. 

6. Nonspring-Return Motors:  For dampers larger than 25 sq. ft., size motor for 
running torque rating of 150 in. x lbf and breakaway torque rating of 300 in. x lbf. 

7. Electrical Connection:  115 V, single phase, 60 Hz. 
O. Accessories: 

1. Auxiliary switches for position indication. 

2.6 TURNING VANES 
A. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Duro Dyne Inc. 
2. METALAIRE, Inc. 
3. SEMCO Incorporated. 

B. Manufactured Turning Vanes for Metal Ducts:  Curved blades of galvanized sheet 
steel; support with bars perpendicular to blades set; set into vane runners suitable for 
duct mounting. 
1. Acoustic Turning Vanes:  Fabricate airfoil-shaped aluminum extrusions with 

perforated faces and fibrous-glass fill. 
C. Manufactured Turning Vanes for Nonmetal Ducts:  Fabricate curved blades of resin-

bonded fiberglass with acrylic polymer coating; support with bars perpendicular to 
blades set; set into vane runners suitable for duct mounting. 

D. General Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards 
- Metal and Flexible"; Figures 2-3, "Vanes and Vane Runners," and 2-4, "Vane Support 
in Elbows." 

E. Vane Construction:  Single wall for ducts up to 48 inches wide and double wall for 
larger dimensions. 

2.7 DUCT-MOUNTED ACCESS DOORS 
A. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Greenheck Fan Corporation. 
2. Nailor Industries Inc. 
3. Ventfabrics, Inc. 

B. Duct-Mounted Access Doors:  Fabricate access panels according to SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible"; Figures 2-10, "Duct Access 
Doors and Panels," and 2-11, "Access Panels - Round Duct." 
1. Door: 

a. Double wall, rectangular. 
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b. Galvanized sheet metal with insulation fill and thickness as indicated for 
duct pressure class. 

c. Vision panel. 
d. Hinges and Latches:  1-by-1-inch butt or piano hinge and cam latches. 
e. Fabricate doors airtight and suitable for duct pressure class. 

2. Frame:  Galvanized sheet steel, with bend-over tabs and foam gaskets. 
3. Number of Hinges and Locks: 

a. Access Doors Less Than 12 Inches Square:  No hinges and two sash 
locks. 

b. Access Doors up to 18 Inches Square:  Two hinges and two sash locks. 
c. Access Doors up to 24 by 48 Inches:  Three hinges and two compression 

latches. 
d. Access Doors Larger Than 24 by 48 Inches:  Four hinges and two 

compression latches with outside and inside handles. 
C. Pressure Relief Access Door: 

1. Door and Frame Material:  Galvanized sheet steel. 
2. Door:  Double wall with insulation fill with metal thickness applicable for duct 

pressure class. 
3. Operation:  Open outward for positive-pressure ducts and inward for negative-

pressure ducts. 
4. Factory set at 10-inch wg. 
5. Doors close when pressures are within set-point range. 
6. Hinge:  Continuous piano. 
7. Latches:  Cam. 
8. Seal:  Neoprene or foam rubber. 
9. Insulation Fill:  1-inch thick, fibrous-glass or polystyrene-foam board. 

2.8 DUCT ACCESS PANEL ASSEMBLIES 
A. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Ductmate Industries, Inc. 
2. Flame Gard, Inc. 
3. 3M. 

B. Labeled according to UL 1978 by an NRTL. 
C. Panel and Frame:  Minimum thickness 0.0528-inch carbon steel. 
D. Fasteners:  Carbon steel.  Panel fasteners shall not penetrate duct wall. 
E. Gasket:  Comply with NFPA 96; grease-tight, high-temperature ceramic fiber, rated for 

minimum 2000 deg F. 
F. Minimum Pressure Rating:  10-inch wg, positive or negative. 

2.9 FLEXIBLE CONNECTORS 
A. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Ductmate Industries, Inc. 
2. Duro Dyne Inc. 
3. Ventfabrics, Inc. 
4. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Materials:  Flame-retardant or noncombustible fabrics. 
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C. Coatings and Adhesives:  Comply with UL 181, Class 1. 
D. Indoor System, Flexible Connector Fabric:  Glass fabric double coated with neoprene. 

1. Minimum Weight:  26 oz./sq. yd.. 
2. Tensile Strength:  480 lbf/inch in the warp and 360 lbf/inch in the filling. 
3. Service Temperature:  Minus 40 to plus 200 deg F. 

E. Outdoor System, Flexible Connector Fabric:  Glass fabric double coated with 
weatherproof, synthetic rubber resistant to UV rays and ozone. 
1. Minimum Weight:  24 oz./sq. yd.. 
2. Tensile Strength:  530 lbf/inch in the warp and 440 lbf/inch in the filling. 
3. Service Temperature:  Minus 50 to plus 250 deg F. 

F. High-Temperature System, Flexible Connectors:  Glass fabric coated with silicone 
rubber. 
1. Minimum Weight:  16 oz./sq. yd.. 
2. Tensile Strength:  285 lbf/inch in the warp and 185 lbf/inch in the filling. 
3. Service Temperature:  Minus 67 to plus 500 deg F. 

G. High-Corrosive-Environment System, Flexible Connectors:  Glass fabric with chemical-
resistant coating. 
1. Minimum Weight:  14 oz./sq. yd.. 
2. Tensile Strength:  450 lbf/inch in the warp and 340 lbf/inch in the filling. 
3. Service Temperature:  Minus 67 to plus 500 deg F. 

H. Thrust Limits:  Combination coil spring and elastomeric insert with spring and insert in 
compression, and with a load stop.  Include rod and angle-iron brackets for attaching to 
fan discharge and duct. 
1. Frame:  Steel, fabricated for connection to threaded rods and to allow for a 

maximum of 30 degrees of angular rod misalignment without binding or reducing 
isolation efficiency. 

2. Outdoor Spring Diameter:  Not less than 80 percent of the compressed height of 
the spring at rated load. 

3. Minimum Additional Travel:  50 percent of the required deflection at rated load. 
4. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 
5. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure. 
6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene. 
7. Coil Spring:  Factory set and field adjustable for a maximum of 1/4-inch 

movement at start and stop. 

2.10 FLEXIBLE DUCTS 
A. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Flexmaster U.S.A., Inc. 
2. McGill AirFlow LLC. 
3. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Insulated, Flexible Duct:  UL 181, Class 1, 2-ply vinyl film supported by helically wound, 
spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film. 
1. Pressure Rating:  10-inch wg positive and 1.0-inch wg negative. 
2. Maximum Air Velocity:  4000 fpm. 
3. Temperature Range:  Minus 10 to plus 160 deg F. 
4. Insulation R-value:  Comply with ASHRAE/IESNA 90.1-2004. 

C. Flexible Duct Connectors: 
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1. Clamps:  Stainless-steel band with cadmium-plated hex screw to tighten band 
with a worm-gear actionNylon strap in sizes 3 through 18 inches, to suit duct 
size. 

2.11 DUCT ACCESSORY HARDWARE 
A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including 

screw cap and gasket.  Size to allow insertion of pitot tube and other testing 
instruments and of length to suit duct-insulation thickness. 

PART 3 - EXECUTION 

3.1 INSTALLATION 
A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, 
"Fibrous Glass Duct Construction Standards," for fibrous-glass ducts. 

B. Install duct accessories of materials suited to duct materials; use galvanized-steel 
accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in 
stainless-steel ducts, and aluminum accessories in aluminum ducts. 

C. Install volume dampers at points on supply, return, and exhaust systems where 
branches extend from larger ducts.  Where dampers are installed in ducts having duct 
liner, install dampers with hat channels of same depth as liner, and terminate liner with 
nosing at hat channel. 
1. Install steel volume dampers in steel ducts. 
2. Install aluminum volume dampers in aluminum ducts. 

D. Set dampers to fully open position before testing, adjusting, and balancing. 
E. Install test holes at fan inlets and outlets and elsewhere as indicated. 
F. Install fire and smoke dampers according to UL listing. 
G. Connect ducts to duct silencers with flexible duct connectors. 
H. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and 

maintaining accessories and equipment at the following locations: 
1. On both sides of duct coils. 
2. Upstream and downstream from duct filters. 
3. At outdoor-air intakes and mixed-air plenums. 
4. At drain pans and seals. 
5. Downstream from manual volume dampers, control dampers, backdraft dampers, 

and equipment. 
6. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall 

fusible links.  Access doors for access to fire or smoke dampers having fusible 
links shall be pressure relief access doors and shall be outward operation for 
access doors installed upstream from dampers and inward operation for access 
doors installed downstream from dampers. 

7. Upstream from turning vanes. 
8. Control devices requiring inspection. 
9. Elsewhere as indicated. 

I. Install access doors with swing against duct static pressure. 
J. Access Door Sizes: 

1. One-Hand or Inspection Access:  8 by 5 inches. 
2. Two-Hand Access:  12 by 6 inches. 
3. Head and Hand Access:  18 by 10 inches. 
4. Head and Shoulders Access:  21 by 14 inches. 
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5. Body Access:  25 by 14 inches. 
K. Label access doors according to Division 23 Section "Identification for HVAC Piping 

and Equipment" to indicate the purpose of access door. 
L. Install flexible connectors to connect ducts to equipment. 
M. Connect terminal units to supply ducts directly or with maximum 12-inch lengths of 

flexible duct.  Do not use flexible ducts to change directions. 
N. Connect diffusers or light troffer boots to ducts directly or with maximum 60-inch 

lengths of flexible duct clamped or strapped in place. 
O. Install duct test holes where required for testing and balancing purposes. 
P. Install thrust limits at centerline of thrust, symmetrical on both sides of equipment.  

Attach thrust limits at centerline of thrust and adjust to a maximum of 1/4-inch 
movement during start and stop of fans. 

3.2 FIELD QUALITY CONTROL 
A. Tests and Inspections: 

1. Operate dampers to verify full range of movement. 
2. Inspect locations of access doors and verify that purpose of access door can be 

performed. 
3. Operate fire, smoke, and combination fire and smoke dampers to verify full range 

of movement and verify that proper heat-response device is installed. 
4. Inspect turning vanes for proper and secure installation. 

END OF SECTION 233300 
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SECTION 233600 - AIR TERMINAL UNITS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUSTAINABLE DESIGN OBJECTIVES 
A. The city requires the contractor to implement practices and procedures to meet the 

project’s environmental performance goals, which include: 
1. Minimize the environmental impacts of the construction and operation of the 

project during the construction phase.  The project shall implement the following 
procedures singly or in combination: 
a. Select products that minimize consumption of non-renewable resources, 

consume reduced amounts of energy, minimize environmental pollution, 
and to utilize recycled and/or recyclable materials. 

b. Reduce sources of potential Indoor Air Quality pollutants by controlled 
selection of materials and processes used in project construction. 
(015721) 

c. Minimize waste produced by construction through efficient construction 
practices and landfill diversion, as detailed in the Construction Waste 
Management Plan. (017419) 

2. Products and processes that achieve the above objectives have been selected 
and included in the Construction Documents.     

1.3 SUMMARY 
A. Section Includes: 

1. Shutoff, single-duct air terminal units. 

1.4 ACTION SUBMITTALS 
A. Product Data:  For each type of the following products, including rated capacities, 

furnished specialties, sound-power ratings, and accessories. 
1. Air terminal units. 
2. Liners and adhesives. 
3. Sealants and gaskets. 

B. LEED Submittals: 
1. Product Data for Prerequisite IEQ 1:  Documentation indicating that units comply 

with ASHRAE 62.1, Section 5 - "Systems and Equipment." 
C. Shop Drawings:  For air terminal units.  Include plans, elevations, sections, details, and 

attachments to other work. 
1. Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each 
field connection. 

2. Wiring Diagrams:  For power, signal, and control wiring. 
3. Hangers and supports, including methods for duct and building attachment and 

vibration isolation. 
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1.5 INFORMATIONAL SUBMITTALS 
A. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which the following 

items are shown and coordinated with each other, using input from Installers of the 
items involved: 
1. Ceiling suspension assembly members. 
2. Size and location of initial access modules for acoustic tile. 
3. Ceiling-mounted items including lighting fixtures, diffusers, grilles, speakers, 

sprinklers, access panels, and special moldings. 
B. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 
A. Operation and Maintenance Data:  For air terminal units to include in emergency, 

operation, and maintenance manuals.  Include the following: 
1. Instructions for resetting minimum and maximum air volumes. 
2. Instructions for adjusting software set points. 

1.7 QUALITY ASSURANCE 
A. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 - 

"Systems and Equipment" and Section 7 - "Construction and System Start-Up." 

1.8 DELIVERY, STORAGE AND HANDLING  
A.    Comply with the requirements of the Construction Indoor Air Quality Management Plan 

and the Construction Waste Management Plan.   

1.9 PROJECT CONDITIONS 
A. Waste Management: Comply with the requirements of the Construction Waste Man-

agement Plan.   

PART 2 - PRODUCTS 

2.1 PRODUCT REQUIREMENTS FOR SUSTAINABLE DESIGN- GENERAL  
A. All field applied paints, coatings, sealants, sealer, adhesives in this section shall meet 

the requirements of VOC limits in 016116- Indoor Finishes Performance Requirements. 
B. All Products in this Section shall be free of Materials of Concern as noted in 015721-

Indoor Air Quality Control (where achievable).  

2.2 PERFORMANCE REQUIREMENTS 
A. Structural Performance:  Hangers and supports shall withstand the effects of gravity 

loads and stresses within limits and under conditions described in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible". 

2.3 SYSTEM DESCRIPTION 
A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 

NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 
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2.4 SHUTOFF, SINGLE-DUCT AIR TERMINAL UNITS 
A. Manufacturers:  Subject to compliance with requirements, provide products by one of 

the following available manufacturers offering products that may be incorporated into 
the Work include, but are not limited to, the following or approved equal: 
1. Anemostat Products; a Mestek Company. 
2. Carnes. 
3. Nailor Industries Inc. 
4. Price Industries. 
5. Titus. 
6. Tuttle & Bailey. 

B. Configuration:  Volume-damper assembly inside unit casing with control components 
inside a protective metal shroud. 

C. Casing:  0.034-inch steel, single wall. 
1. Casing Lining:  Adhesive attached, 1-inch- thick, coated, fibrous-glass duct liner 

complying with ASTM C 1071, and having a maximum flame-spread index of 25 
and a maximum smoke-developed index of 50, for both insulation and adhesive, 
when tested according to ASTM E 84. 
a. Cover liner with nonporous foil. 

2. Air Inlet:  Round stub connection or S-slip and drive connections for duct 
attachment. 

3. Air Outlet:  S-slip and drive connections. 
4. Access:  Removable panels for access to parts requiring service, adjustment, or 

maintenance; with airtight gasket. 
5. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 

requirements in ASHRAE 62.1. 
D. Regulator Assembly:  System-air-powered bellows section incorporating polypropylene 

bellows for volume regulation and thermostatic control.  Bellows shall operate at 
temperatures from 0 to 140 deg F, shall be impervious to moisture and fungus, shall be 
suitable for 10-inch wg static pressure, and shall be factory tested for leaks. 

E. Volume Damper:  Heavy Gauge steel with peripheral synthetic gasket and self-
lubricating bearings. 
1. Maximum Damper Leakage:  ARI 880 rated, 2 percent of nominal airflow at 3-

inch wg inlet static pressure. 
2. Damper Position:  Normally open. 

2.5 HANGERS AND SUPPORTS 
A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts. 
B. Air Terminal Unit Attachments:  Sheet metal screws, blind rivets, or self-tapping metal 

screws; compatible with duct materials. 
C. Trapeze and Riser Supports:  Steel shapes and plates for units with steel casings; 

aluminum for units with aluminum casings. 

2.6 SOURCE QUALITY CONTROL 
A. Factory Tests:  Test assembled air terminal units according to ARI 880. 

1. Label each air terminal unit with plan number, nominal airflow, maximum and 
minimum factory-set airflows, and ARI certification seal. 

http://www.specagent.com/LookUp/?uid=123456821565&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813234&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813238&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813240&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813241&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813242&mf=04&src=wd
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PART 3 - EXECUTION 

3.1 INSTALLATION 
A. Install air terminal units according to NFPA 90A, "Standard for the Installation of Air 

Conditioning and Ventilating Systems." 
B. Install air terminal units level and plumb.  Maintain sufficient clearance for normal 

service and maintenance. 

3.2 HANGER AND SUPPORT INSTALLATION 
A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 

Chapter 5, "Hangers and Supports." 
B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel 

fasteners appropriate for construction materials to which hangers are being attached. 
1. Install powder-actuated concrete fasteners after concrete is placed and 

completely cured. 
2. Use powder-actuated concrete fasteners for standard-weight aggregate 

concretes and for slabs more than 4 inches thick. 
3. Do not use powder-actuated concrete fasteners for lightweight-aggregate 

concretes and for slabs less than 4 inches thick. 
C. Hangers Exposed to View:  Threaded rod and angle or channel supports. 
D. Install upper attachments to structures.  Select and size upper attachments with pull-

out, tension, and shear capacities appropriate for supported loads and building 
materials where used. 

3.3 CONNECTIONS 
A. Connect ducts to air terminal units according to Section 233113 "Metal Ducts." 
B. Make connections to air terminal units with flexible connectors complying with 

requirements in Section 233300 "Air Duct Accessories." 

3.4 IDENTIFICATION 
A. Label each air terminal unit with plan number, nominal airflow, and maximum and 

minimum factory-set airflows.  Comply with requirements in Section 230553 
"Identification for HVAC Piping and Equipment" for equipment labels and warning signs 
and labels. 

3.5 FIELD QUALITY CONTROL 
A. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service 
representative to inspect components, assemblies, and equipment installations, 
including connections, and to assist in testing. 

B. Tests and Inspections: 
1. After installing air terminal units and after electrical circuitry has been energized, 

test for compliance with requirements. 
2. Operational Test:  After electrical circuitry has been energized, start units to 

confirm proper motor rotation and unit operation. 
3. Test and adjust controls and safeties.  Replace damaged and malfunctioning 

controls and equipment. 
C. Air terminal unit will be considered defective if it does not pass tests and inspections. 
D. Prepare test and inspection reports. 
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3.6 STARTUP SERVICE 
A.  Perform startup service. 

1. Complete installation and startup checks according to manufacturer's written 
instructions. 

2. Verify that inlet duct connections are as recommended by air terminal unit 
manufacturer to achieve proper performance. 

3. Verify that controls and control enclosure are accessible. 
4. Verify that control connections are complete. 
5. Verify that nameplate and identification tag are visible. 
6. Verify that controls respond to inputs as specified. 

3.7 DEMONSTRATION 
A.  Train City of New York's maintenance personnel to adjust, operate, and maintain air 

terminal units. 

END OF SECTION 233600 
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SECTION 233713 - DIFFUSERS, REGISTERS, AND GRILLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 
A. This Section includes ceiling- and wall-mounted diffusers, registers, and grilles. 
B. Related Sections include the following: 

1. Division 23 Section "Air Duct Accessories" for fire and smoke dampers and 
volume-control dampers not integral to diffusers, registers, and grilles. 

1.3 SUBMITTALS 
A. Product Data:  For each product indicated, include the following: 

1. Data Sheet:  Indicate materials of construction, finish, and mounting details; and 
performance data including throw and drop, static-pressure drop, and noise 
ratings. 

2. Diffuser, Register, and Grille Schedule:  Indicate Drawing designation, room 
location, quantity, model number, size, and accessories furnished. 

B. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which the following 
items are shown and coordinated with each other, based on input from installers of the 
items involved: 
1. Ceiling suspension assembly members. 
2. Method of attaching hangers to building structure. 
3. Size and location of initial access modules for acoustical tile. 
4. Ceiling-mounted items including lighting fixtures, diffusers, grilles, speakers, 

sprinklers, access panels, and special moldings. 
5. Duct access panels. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 
A. In other Part 2 articles where titles below introduce lists, the following requirements 

apply to product selection: 
1. Available Products:  Subject to compliance with requirements, products that may 

be incorporated into the Work include, but are not limited to, products specified. 
2. Products:  Subject to compliance with requirements, provide one of the products 

specified. 
3. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, manufacturers specified. 

4. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 GRILLES AND REGISTERS 
A. Adjustable Bar GrilleRegister:  

1. Available Manufacturers:  Refer to Schedules 
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a. Carnes. 
b. METALAIRE, Inc.; Metal Industries Inc. 
c. Titus. 

B. Fixed Face GrilleRegister:  
1. Available Manufacturers:  Refer to Schedules  

a. Carnes. 
b. METALAIRE, Inc.; Metal Industries Inc. 
c. Titus. 

2.3 LINEAR SLOT OUTLETS 
A. Linear Bar Grille or Diffuser:  

1. Available Manufacturers:  Refer to Schedules 
a. Carnes. 
b. METALAIRE, Inc.; Metal Industries Inc. 
c. Titus. 

B. Linear Slot Diffuser:  
1. Available Manufacturers:  Refer to Schedules 

a. Carnes. 
b. METALAIRE, Inc.; Metal Industries Inc. 
c. Titus. 

2.4 CEILING DIFFUSER OUTLETS 
A. Round Ceiling Diffuser:   Refer to Schedules 

1. Available Manufacturers: 
a. Carnes. 
b. METALAIRE, Inc.; Metal Industries Inc. 
c. Titus. 

B. Rectangular and Square Ceiling Diffusers:  Refer to Schedules 
1. Available Manufacturers: 

a. Carnes. 
b. METALAIRE, Inc.; Metal Industries Inc. 
c. Titus. 

C. Perforated Diffuser:  Refer to Schedules  
1. Available Manufacturers: 

a. Carnes. 
b. METALAIRE, Inc.; Metal Industries Inc. 
c. Titus. 
d. Price 

2.5 SOURCE QUALITY CONTROL 
A. Verification of Performance:  Rate diffusers, registers, and grilles according to 

ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets." 

PART 3 - EXECUTION 

3.1 EXAMINATION 
A. Examine areas where diffusers, registers, and grilles are to be installed for compliance 

with requirements for installation tolerances and other conditions affecting performance 
of equipment. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 INSTALLATION 
A. Install diffusers, registers, and grilles level and plumb. 
B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, 

fittings, and accessories.  Air outlet and inlet locations have been indicated to achieve 
design requirements for air volume, noise criteria, airflow pattern, throw, and pressure 
drop.  Make final locations where indicated, as much as practicable.  For units installed 
in lay-in ceiling panels, locate units in the center of panel.  Where architectural features 
or other items conflict with installation, notify Architect for a determination of final 
location. 

C. Install diffusers, registers, and grilles with airtight connections to ducts and to allow 
service and maintenance of dampers, air extractors, and fire dampers. 

3.3 ADJUSTING 
A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as 

directed, before starting air balancing. 

END OF SECTION 233713 
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Building wires and cables rated 600 V and less. 
2. Connectors, splices, and terminations rated 600 V and less. 

1.3 DEFINITIONS 

A. VFC: Variable frequency controller. 
1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 
PART 2 - PRODUCTS 
2.1 CONDUCTORS AND CABLES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. Alpha Wire Company. 
2. Belden Inc. 
3. Encore Wire Corporation. 
4. General Cable; General Cable Corporation. 
5. Senator Wire & Cable Company. 
6. Southwire Company. 

B.  Copper Conductors: Comply with NEMA WC 70/ICEA S-95-658. 

C. Conductor Insulation: Comply with NEMA WC 70/ICEA S-95-658 for 
Type THHN/THWN-2, Type XHHW-2 and Type SO. 

D. Multiconductor Cable: Comply with NEMA WC 70/ICEA S-95-658 for metal-clad cable, 
Type MC mineral-insulated, metal-sheathed cable, Type MI and Type SO with ground 
wire. 

E. VFC Cable: 

http://www.specagent.com/Lookup?ulid=1703
http://www.specagent.com/Lookup?uid=123456982218
http://www.specagent.com/Lookup?uid=123456982219
http://www.specagent.com/Lookup?uid=123456982220
http://www.specagent.com/Lookup?uid=123456982213
http://www.specagent.com/Lookup?uid=123456982215
http://www.specagent.com/Lookup?uid=123456982214
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1. Comply with UL 1277, UL 1685, and NFPA 70 for Type TC-ER cable. 
2. Type TC-ER with oversized crosslinked polyethylene insulation, spiral-wrapped 

foil plus 85 percent coverage braided shields and insulated full-size ground wire, 
and sunlight- and oil-resistant outer PVC jacket. 

2.2 CONNECTORS AND SPLICES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. 3M. 
2. AFC Cable Systems, Inc. 
3. Hubbell Power Systems, Inc. 
4. ILSCO. 
5. O-Z/Gedney; an EGS Electrical Group brand; an Emerson Industrial Automation 

business. 
6. Tyco Electronics Corp. 

B. Description: Factory-fabricated connectors and splices of size, ampacity rating, 
material, type, and class for application and service indicated. 

2.3 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

B. Comply with NFPA 70. 

PART 3 - EXECUTION 
3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders:  Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and 
larger. 

B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG 
and larger, except VFC cable, which shall be extra flexible stranded. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 
WIRING METHODS 

A. Exposed Feeders:  Type THHN/THWN-2, single conductors in raceway or Mineral-
insulated, metal-sheathed cable, Type MI. 

B. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  
Type THHN/THWN-2, single conductors in raceway, Metal-clad cable, Type MC or 
Mineral-insulated, metal-sheathed cable, Type MI. 

 

http://www.specagent.com/Lookup?ulid=1704
http://www.specagent.com/Lookup?uid=123456982231
http://www.specagent.com/Lookup?uid=123456982225
http://www.specagent.com/Lookup?uid=123456982227
http://www.specagent.com/Lookup?uid=123456982229
http://www.specagent.com/Lookup?uid=123456982233
http://www.specagent.com/Lookup?uid=123456982233
http://www.specagent.com/Lookup?uid=123456982224
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C. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  
Type XHHW-2, single conductors in raceway. 

D. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN/THWN-2, single 
conductors in raceway. 

E. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN/THWN-2, 
single conductors in raceway or Metal-clad cable, Type MC. 

F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  
Type THHN/THWN-2, single conductors in raceway or Type XHHW-2, single 
conductors in raceway. 

G. Cord Drops and Portable Appliance Connections: Type SO, hard service cord with 
stainless-steel, wire-mesh, strain relief device at terminations to suit application. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 

B. Complete raceway installation between conductor and cable termination points 
according to Section 260533 "Raceways and Boxes for Electrical Systems" prior to 
pulling conductors and cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; 
compound used must not deteriorate conductor or insulation. Do not exceed 
manufacturer's recommended maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, 
that will not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural 
members, and follow surface contours where possible. 

F. Support cables according to Section 260529 "Hangers and Supports for Electrical 
Systems." 

3.4 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published 
torque-tightening values. If manufacturer's torque values are not indicated, use those 
specified in UL 486A-486B. 

B. Make splices, terminations, and taps that are compatible with conductor material and 
that possess equivalent or better mechanical strength and insulation ratings than 
unspliced conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inches of slack. 
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3.5 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 260553 
"Identification for Electrical Systems." 

B. Identify each spare conductor at each end with identity number and location of other 
end of conductor, and identify as spare conductor. 

3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. 
Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical 
Raceways and Cabling." 

3.7 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to 
restore original fire-resistance rating of assembly according to Section 078413 
"Penetration Firestopping." 

3.8 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. After installing conductors and cables and before electrical circuitry has been 
energized, test service entrance and feeder conductors for compliance with 
requirements. 

2. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification. Certify compliance with test parameters. 

3. Infrared Scanning: After Substantial Completion, but not more than 60 days after 
Final Acceptance, perform an infrared scan of each splice in conductors No. 3 
AWG and larger. Remove box and equipment covers so splices are accessible to 
portable scanner. Correct deficiencies determined during the scan. 

a. Instrument: Use an infrared scanning device designed to measure 
temperature or to detect significant deviations from normal values. Provide 
calibration record for device. 

b. Record of Infrared Scanning: Prepare a certified report that identifies 
splices checked and that describes scanning results. Include notation of 
deficiencies detected, remedial action taken, and observations after 
remedial action. 

B. Test and Inspection Reports: Prepare a written report to record the following: 

1. Procedures used. 
2. Results that comply with requirements. 
3. Results that do not comply with requirements and corrective action taken to 

achieve compliance with requirements. 
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C. Cables will be considered defective if they do not pass tests and inspections. 

END OF SECTION 260519 
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes grounding and bonding systems and equipment. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing agency and testing agency's field supervisor. 

B. Field quality-control reports. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site 
testing. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

C. Comply with UL 467 for grounding and bonding materials and equipment. 

PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. Burndy; Part of Hubbell Electrical Systems. 
2. ERICO International Corporation. 
3. Harger Lightning & Grounding. 
4. ILSCO. 
5. O-Z/Gedney; an EGS Electrical Group brand; an Emerson Industrial Automation 

business 

http://www.specagent.com/Lookup?ulid=7341
http://www.specagent.com/Lookup?uid=123456848746
http://www.specagent.com/Lookup?uid=123456848748
http://www.specagent.com/Lookup?uid=123456848751
http://www.specagent.com/Lookup?uid=123456848752
http://www.specagent.com/Lookup?uid=123456848753
http://www.specagent.com/Lookup?uid=123456848753
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2.2 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

B. Comply with UL 467 for grounding and bonding materials and equipment. 
2.3 CONDUCTORS 

A. Insulated Conductors:  Copper wire or cable insulated for 600 V unless otherwise 
required by applicable Code or authorities having jurisdiction. 

B. Bare Copper Conductors: 

1. Solid Conductors: ASTM B 3. 
2. Stranded Conductors: ASTM B 8. 
3. Tinned Conductors: ASTM B 33. 
4. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor. 
5. Bonding Jumper: Copper tape, braided conductors terminated with copper 

ferrules; 1-5/8 inches wide and 1/16 inch thick. 
6. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with 

copper ferrules; 1-5/8 inches wide and 1/16 inch thick. 

C. Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches in 
cross section, with 9/32-inch holes spaced 1-1/8 inches apart. Stand-off insulators for 
mounting shall comply with UL 891 for use in switchboards, 600 V and shall be Lexan 
or PVC, impulse tested at 5000 V. 

2.4 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for 
applications in which used and for specific types, sizes, and combinations of 
conductors and other items connected. 

B. Bolted Connectors for Conductors and Pipes: Copper or copper alloy. 

C. Welded Connectors: Exothermic-welding kits of types recommended by kit 
manufacturer for materials being joined and installation conditions. 

D. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless compression-
type wire terminals, and long-barrel, two-bolt connection to ground bus bar. 

2.5 GROUNDING ELECTRODES 

A. Ground Rods:  Copper-clad steel; 5/8 by 96 inches. 
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PART 3 - EXECUTION 
3.1 APPLICATIONS 

A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded 
conductors for No. 6 AWG and larger unless otherwise indicated. 

B. Grounding Bus: Install in electrical equipment rooms, in rooms housing service 
equipment, and elsewhere as indicated. 

1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6 
inches above finished floor unless otherwise indicated. 

2. Where indicated on both sides of doorways, route bus up to top of door frame, 
across top of doorway, and down; connect to horizontal bus. 

C. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 
2. Connections to Structural Steel: Welded connectors. 

3.2 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

3.3 INSTALLATION 

A. Grounding Conductors: Route along shortest and straightest paths possible unless 
otherwise indicated or required by Code. Avoid obstructing access or placing 
conductors where they may be subjected to strain, impact, or damage. 

B. Bonding Straps and Jumpers: Install in locations accessible for inspection and 
maintenance except where routed through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to 
penetrate any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: 
Install bonding so vibration is not transmitted to rigidly mounted equipment. 

3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type 
connection is required, use a bolted clamp. 

C. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors 
of associated fans, blowers, electric heaters, and air cleaners. Install tinned bonding 
jumper to bond across flexible duct connections to achieve continuity. 

3.4 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Tests and Inspections: 
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1. After installing grounding system but before permanent electrical circuits have 
been energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 
electrical connections with a calibrated torque wrench according to 
manufacturer's written instructions. 

3. Test completed grounding system at each location where a maximum ground-
resistance level is specified, at service disconnect enclosure grounding 
terminal, and at individual ground rods. Make tests at ground rods before any 
conductors are connected. 

a. Measure ground resistance no fewer than two full days after last trace of 
precipitation and without soil being moistened by any means other than 
natural drainage or seepage and without chemical treatment or other 
artificial means of reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 

C. Grounding system will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

E. Report measured ground resistances that exceed the following values: 

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less:  
10 ohms. 

2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA:  5 
ohms. 

3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA:  3 
ohms. 

4. Manhole Grounds:  10 ohms. 

F. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify 
Architect promptly and include recommendations to reduce ground resistance. 

END OF SECTION 260526 
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Hangers and supports for electrical equipment and systems. 
2. Construction requirements for concrete bases. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes for the following: 

a. Hangers. 
b. Steel slotted support systems. 
c. Trapeze hangers. 
d. Clamps. 
e. Turnbuckles. 
f. Sockets. 
g. Eye nuts. 
h. Saddles. 
i. Brackets. 

2. Include rated capacities and furnished specialties and accessories. 

B. Delegated-Design Submittal: For hangers and supports for electrical systems. 

1. Include design calculations and details of trapeze hangers. 
1.4 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 
1.5 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel according to the following: 

1. AWS D1.1/D1.1M. 
2. AWS D1.2/D1.2M. 
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PART 2 - PRODUCTS 
2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in 
Section 014000 "Quality Requirements," to design hanger and support system. 

2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems: Comply with MFMA-4 factory-fabricated components 
for field assembly. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Allied Tube & Conduit. 
b. Cooper B-Line, Inc.; a division of Cooper Industries. 
c. ERICO International Corporation. 
d. Thomas & Betts Corporation, A Member of the ABB Group. 
e. Unistrut; an Atkore International company. 

2. Material:  Galvanized steel. 
3. Channel Width:  1-5/8 inches. 
4. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to 

MFMA-4. 
5. Channel Dimensions: Selected for applicable load criteria. 

B. Conduit and Cable Support Devices:  Steel and malleable-iron hangers, clamps, and 
associated fittings, designed for types and sizes of raceway or cable to be supported. 

C. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of 
threaded body and insulating wedging plug or plugs for nonarmored electrical 
conductors or cables in riser conduits. Plugs shall have number, size, and shape of 
conductor gripping pieces as required to suit individual conductors or cables supported. 
Body shall be made of malleable iron. 

D. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel 
plates, shapes, and bars; black and galvanized. 

E. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items 
or their supports to building surfaces include the following: 

1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland 
cement concrete, steel, or wood, with tension, shear, and pullout capacities 
appropriate for supported loads and building materials where used. 

a. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to the following: 

http://www.specagent.com/Lookup?ulid=1736
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1) Hilti, Inc. 
2) ITW Ramset/Red Head; Illinois Tool Works, Inc. 
3) MKT Fastening, LLC. 
4) Simpson Strong-Tie Co., Inc. 

2. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel, for use in 
hardened Portland cement concrete, with tension, shear, and pullout capacities 
appropriate for supported loads and building materials where used. 

a. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to the following: 

1) Cooper B-Line, Inc.; a division of Cooper Industries. 
2) Hilti, Inc. 
3) ITW Ramset/Red Head; Illinois Tool Works, Inc. 
4) MKT Fastening, LLC. 

3. Concrete Inserts: Steel or malleable-iron, slotted support system units are similar 
to MSS Type 18 units and comply with MFMA-4 or MSS SP-58. 

4. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are 
suitable for attached structural element. 

5. Through Bolts: Structural type, hex head, and high strength. Comply with 
ASTM A 325. 

6. Toggle Bolts:  All-steel springhead type. 
7. Hanger Rods: Threaded steel. 

2.3 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description: Welded or bolted structural-steel shapes, shop or field fabricated to fit 
dimensions of supported equipment. 

PART 3 - EXECUTION 
3.1 APPLICATION 

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for 
electrical equipment and systems unless requirements in this Section are stricter. 

B. Comply with requirements for raceways and boxes specified in Section 260533 
"Raceways and Boxes for Electrical Systems." 

C. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space 
supports for EMTs, IMCs, and RMCs as required by NFPA 70. Minimum rod size shall 
be 1/4 inch in diameter. 

D. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted 
or other support system, sized so capacity can be increased by at least 25 percent in 
future without exceeding specified design load limits. 

1. Secure raceways and cables to these supports with two-bolt conduit clamps. 

http://www.specagent.com/Lookup?uid=123456995492
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E. Spring-steel clamps designed for supporting single conduits without bolts may be used 
for 1-1/2-inch and smaller raceways serving branch circuits and communication 
systems above suspended ceilings and for fastening raceways to trapeze supports. 

3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified 
in this article. 

B. Raceway Support Methods: In addition to methods described in NECA 1, EMTs, IMCs, 
and RMCs may be supported by openings through structure members, according to 
NFPA 70. 

C. Strength of Support Assemblies: Where not indicated, select sizes of components so 
strength will be adequate to carry present and future static loads within specified 
loading limits. Minimum static design load used for strength determination shall be 
weight of supported components plus 200 lb. 

D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor 
and fasten electrical items and their supports to building structural elements by the 
following methods unless otherwise indicated by code: 

1. To Wood: Fasten with lag screws or through bolts. 
2. To New Concrete: Bolt to concrete inserts. 
3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion 

anchor fasteners on solid masonry units. 
4. To Existing Concrete: Expansion anchor fasteners. 
5. Instead of expansion anchors, powder-actuated driven threaded studs provided 

with lock washers and nuts may be used in existing standard-weight concrete 4 
inches thick or greater. Do not use for anchorage to lightweight-aggregate 
concrete or for slabs less than 4 inches thick. 

6. To Steel:  Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with 
MSS SP-69. 

7. To Light Steel: Sheet metal screws. 
8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount 

cabinets, panelboards, disconnect switches, control enclosures, pull and junction 
boxes, transformers, and other devices on slotted-channel racks attached to 
substrate. 

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid the 
need for reinforcing bars. 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and 
elevation to support and anchor electrical materials and equipment. 

B. Field Welding: Comply with AWS D1.1/D1.1M. 
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3.4 PAINTING 

A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas 
immediately after erecting hangers and supports. Use same materials as used for shop 
painting. Comply with SSPC-PA 1 requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils. 

B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A 780. 

END OF SECTION 260529 
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SECTION 260533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits, tubing, and fittings. 
2. Nonmetal conduits, tubing, and fittings. 
3. Metal wireways and auxiliary gutters. 
4. Surface raceways 
5. Boxes, enclosures, and cabinets. 

1.3 DEFINITIONS 

A. GRC: Galvanized rigid steel conduit. 

B. IMC: Intermediate metal conduit. 
1.4 ACTION SUBMITTALS 

A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets. 

B. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, 
sections, and attachment details. 

1.5 INFORMATIONAL SUBMITTALS 

A. Source quality-control reports. 
PART 2 - PRODUCTS 
2.1 METAL CONDUITS, TUBING, AND FITTINGS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. AFC Cable Systems, Inc. 
2. Allied Tube & Conduit. 
3. O-Z/Gedney; an EGS Electrical Group brand; an Emerson Industrial Automation 

business. 
4. Southwire Company. 
5. Thomas & Betts Corporation, A Member of the ABB Group. 
6. Wheatland Tube Company. 
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B. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended location 
and application. 

C. GRC: Comply with ANSI C80.1 and UL 6. 

D. IMC: Comply with ANSI C80.6 and UL 1242. 

E. EMT: Comply with ANSI C80.3 and UL 797. 

F. FMC: Comply with UL 1; zinc-coated steel. 

G. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360. 

H. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B. 

1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886 and 
NFPA 70. 

2. Fittings for EMT: 

a. Material:  Steel or die cast. 
b. Type:  Compression. 

3. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, 
rated for environmental conditions where installed, and including flexible external 
bonding jumper. 

I. Joint Compound for IMC or GRC: Approved, as defined in NFPA 70, by authorities 
having jurisdiction for use in conduit assemblies, and compounded for use to lubricate 
and protect threaded conduit joints from corrosion and to enhance their conductivity. 

2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. AFC Cable Systems, Inc. 
2. CANTEX INC. 
3. Kraloy. 
4. RACO; Hubbell. 
5. Thomas & Betts Corporation, A Member of the ABB Group. 

B. Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and 
labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended 
location and application. 

C. RNC:  Type EPC-40-PVC and Type EPC-80 PVC, complying with NEMA TC 2 and 
UL 651 unless otherwise indicated. 

http://www.specagent.com/Lookup?ulid=1748
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D. Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and 
material. 

2.3 METAL WIREWAYS AND AUXILIARY GUTTERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. Cooper B-Line, Inc.; a division of Cooper Industries. 
2. Hoffman; a brand of Pentair Equipment Protection. 
3. MonoSystems, Inc. 
4. Square D. 

B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 unless 
otherwise indicated, and sized according to NFPA 70. 

1. Metal wireways installed outdoors shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, 
adapters, hold-down straps, end caps, and other fittings to match and mate with 
wireways as required for complete system. 

D. Wireway Covers:  Hinged type unless otherwise indicated. 

E. Finish: Manufacturer's standard enamel finish. 
2.4 SURFACE RACEWAYS 

A. Listing and Labeling: Surface raceways shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

B. Surface Metal Raceways: Galvanized steel with snap-on covers complying with UL 5. 
Manufacturer's standard enamel finish in color selected by Architect. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Hubbell Incorporated; Wiring Device-Kellems. 
b. MonoSystems, Inc. 
c. Legrand/Wiremold 
d. Panduit 

2.5 BOXES, ENCLOSURES, AND CABINETS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 
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1. Cooper Technologies Company. 
2. EGS/Appleton Electric. 
3. Erickson Electrical Equipment Company. 
4. Hoffman; a brand of Pentair Equipment Protection. 
5. Hubbell Incorporated. 
6. MonoSystems, Inc. 
7. O-Z/Gedney; an EGS Electrical Group brand; an Emerson Industrial Automation 

business. 
8. RACO; Hubbell. 
9. Thomas & Betts Corporation, A Member of the ABB Group. 
10. Wiremold / Legrand. 

B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and 
cabinets installed in wet locations shall be listed for use in wet locations. 

C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A. 

D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD, 
with gasketed cover. 

E. Metal Floor Boxes: 

1. Material:  Cast metal or sheet metal. 
2. Type:  Fully adjustable. 
3. Shape: Rectangular. 
4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in 

NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

F. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 
50 lb. Outlet boxes designed for attachment of luminaires weighing more than 50 lb 
shall be listed and marked for the maximum allowable weight. 

G. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

H. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, 
galvanized, cast iron with gasketed cover. 

I. Box extensions used to accommodate new building finishes shall be of same material 
as recessed box. 

J. Device Box Dimensions:  4 inches square by 2-1/8 inches deep. 

 

K. Gangable boxes are allowed. 

L. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 with continuous-
hinge cover with flush latch unless otherwise indicated. 
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1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard 
enamel. 

2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel. 

M. Cabinets: 

1. NEMA 250, Type 1 galvanized-steel box with removable interior panel and 
removable front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 
6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a 

qualified testing agency, and marked for intended location and application. 

PART 3 - EXECUTION 
3.1 RACEWAY APPLICATION 

A. Indoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage:  EMT. 
2. Exposed, Not Subject to Severe Physical Damage:  EMT. 
3. Exposed and Subject to Severe Physical Damage:  GRC or IMC. Raceway 

locations include the following: 

a. Loading dock. 
b. Mechanical rooms. 

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, 

Pneumatic, Electric Solenoid, or Motor-Driven Equipment): FMC, except use 
LFMC in damp or wet locations. 

6. Damp or Wet Locations:  GRC or IMC. 
7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 

stainless steel in damp or wet locations. 

B. Minimum Raceway Size:  3/4-inch trade size. 

C. Raceway Fittings: Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings 
unless otherwise indicated. Comply with NEMA FB 2.10. 

2. EMT: Use compression, steel or cast-metal fittings. Comply with NEMA FB 2.10. 
3. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with 

NEMA FB 2.20. 

D. Do not install aluminum conduits, boxes, or fittings. 

E. Install surface raceways only where indicated on Drawings. 
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F. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F. 
3.2 INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except where 
requirements on Drawings or in this article are stricter. Comply with NFPA 70 
limitations for types of raceways allowed in specific occupancies and number of floors. 

B. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-
water pipes. Install horizontal raceway runs above water and steam piping. 

C. Complete raceway installation before starting conductor installation. 

D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 
Systems" for hangers and supports. 

E. Arrange stub-ups so curved portions of bends are not visible above finished slab. 

F. Install no more than the equivalent of three 90-degree bends in any conduit run except 
for control wiring conduits, for which fewer bends are allowed. Support within 12 inches 
of changes in direction. 

G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise 
indicated. Install conduits parallel or perpendicular to building lines. 

H. Support conduit within 12 inches of enclosures to which attached. 

I. Raceways Embedded in Slabs: 

1. Run conduit larger than 1-inch trade size, parallel or at right angles to main 
reinforcement. Where at right angles to reinforcement, place conduit close to slab 
support. Secure raceways to reinforcement at maximum 10-footintervals. 

2. Arrange raceways to cross building expansion joints at right angles with 
expansion fittings. 

3. Arrange raceways to keep a minimum of 2 inches of concrete cover in all 
directions. 

4. Do not embed threadless fittings in concrete unless specifically approved by 
Architect for each specific location. 

5. Change from RNC, Type EPC-40-PVC to GRC or IMC before rising above floor. 

J. Stub-ups to Above Recessed Ceilings: 

1. Use EMT, IMC, or RMC for raceways. 
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in 

hubs or in an enclosure. 

K. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: 
Apply listed compound to threads of raceway and fittings before making up joints. 
Follow compound manufacturer's written instructions. 
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L. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside 
of boxes or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and 
insulated throat metal bushings on 1-1/2-inch trade size and larger conduits terminated 
with locknuts. Install insulated throat metal grounding bushings on service conduits. 

M. Install raceways square to the enclosure and terminate at enclosures with locknuts. 
Install locknuts hand tight plus 1/4 turn more. 

N. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove 
coatings in the locknut area prior to assembling conduit to enclosure to assure a 
continuous ground path. 

O. Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, use 
roll cutter or a guide to make cut straight and perpendicular to the length. 

P. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line 
with not less than 200-lb tensile strength. Leave at least 12 inches of slack at each end 
of pull wire. Cap underground raceways designated as spare above grade alongside 
raceways in use. 

Q. Surface Raceways: 

1. Install surface raceway with a minimum 2-inch radius control at bend points. 
2. Secure surface raceway with screws or other anchor-type devices at intervals not 

exceeding 48 inches and with no less than two supports per straight raceway 
section. Support surface raceway according to manufacturer's written 
instructions. Tape and glue are not acceptable support methods. 

R. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill 
them with listed sealing compound. For concealed raceways, install each fitting in a 
flush steel box with a blank cover plate having a finish similar to that of adjacent plates 
or surfaces. Install raceway sealing fittings according to NFPA 70. 

S. Install devices to seal raceway interiors at accessible locations. Locate seals so no 
fittings or boxes are between the seal and the following changes of environments. Seal 
the interior of all raceways at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of 
refrigerated spaces. 

2. Where an underground service raceway enters a building or structure. 
 

3. Where otherwise required by NFPA 70. 

T. Comply with manufacturer's written instructions for solvent welding RNC and fittings. 

U. Expansion-Joint Fittings: 

1. Install in each run of aboveground RNC that is located where environmental 
temperature change may exceed 30 deg F and that has straight-run length that 
exceeds 25 feet. Install in each run of aboveground RMC and EMT conduit that 
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is located where environmental temperature change may exceed 100 deg F and 
that has straight-run length that exceeds 100 feet. 

2. Install type and quantity of fittings that accommodate temperature change listed 
for each of the following locations: 

a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F temperature 
change. 

b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F temperature 
change. 

c. Indoor Spaces Connected with Outdoors without Physical Separation:  125 
deg F temperature change. 

d. Attics:  135 deg F temperature change. 

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch 
per foot of length of straight run per deg F of temperature change for PVC 
conduits. Install fitting(s) that provide expansion and contraction for at least 
0.000078 inch per foot of length of straight run per deg F of temperature change 
for metal conduits. 

4. Install expansion fittings at all locations where conduits cross building or structure 
expansion joints. 

5. Install each expansion-joint fitting with position, mounting, and piston setting 
selected according to manufacturer's written instructions for conditions at specific 
location at time of installation. Install conduit supports to allow for expansion 
movement. 

V. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches 
of flexible conduit for recessed and semi recessed luminaires, equipment subject to 
vibration, noise transmission, or movement; and for transformers and motors. 

1. Use LFMC in damp or wet locations subject to severe physical damage. 
2. Use LFMC in damp or wet locations not subject to severe physical damage. 

W. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not 
individually indicated, give priority to ADA requirements. Install boxes with height 
measured to bottom of box unless otherwise indicated. 

X. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of 
masonry block, and install box flush with surface of wall. Prepare block surfaces to 
provide a flat surface for a raintight connection between box and cover plate or 
supported equipment and box. 

Y. Horizontally separate boxes mounted on opposite sides of walls so they are not in the 
same vertical channel. 

Z. Locate boxes so that cover or plate will not span different building finishes. 

AA. Support boxes of three gangs or more from more than one side by spanning two 
framing members or mounting on brackets specifically designed for the purpose. 
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BB. Fasten junction and pull boxes to or support from building structure. Do not support 
boxes by conduits. 

CC. Set metal floor boxes level and flush with finished floor surface. 
3.3 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. 
Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical 
Raceways and Cabling." 

3.4 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with 
requirements in Section 078413 "Penetration Firestopping." 

3.5 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 

2. Repair damage to PVC coatings or paint finishes with matching touchup coating 
recommended by manufacturer. 

END OF SECTION 260533 
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SECTION 260544 - SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND 
CABLING 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Sleeves for raceway and cable penetration of non-fire-rated construction walls 
and floors. 

2. Sleeve-seal systems. 
3. Sleeve-seal fittings. 
4. Grout. 
5. Silicone sealants. 

B. Related Requirements: 

1. Section 078413 "Penetration Firestopping" for penetration firestopping installed 
in fire-resistance-rated walls, horizontal assemblies, and smoke barriers, with 
and without penetrating items. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
PART 2 - PRODUCTS 
2.1 SLEEVES 

A. Wall Sleeves: 

1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc 
coated, plain ends. 

2. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron 
pressure pipe, with plain ends and integral waterstop unless otherwise indicated. 

B. Sleeves for Rectangular Openings: 

1. Material: Galvanized sheet steel. 
2. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches and with 
no side larger than 16 inches, thickness shall be 0.052 inch. 
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b. For sleeve cross-section rectangle perimeter 50 inches or more and one or 
more sides larger than 16 inches, thickness shall be 0.138 inch. 

2.2 SLEEVE-SEAL SYSTEMS 

A. Description: Modular sealing device, designed for field assembly, to fill annular space 
between sleeve and raceway or cable. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Advance Products & Systems, Inc. 
b. CALPICO, Inc. 
c. Metraflex Company (The). 
d. Pipeline Seal and Insulator, Inc. 
e. Proco Products, Inc. 

2. Sealing Elements:  EPDM rubber interlocking links shaped to fit surface of pipe. 
Include type and number required for pipe material and size of pipe. 

3. Pressure Plates:  Plastic. 
4. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, of 

length required to secure pressure plates to sealing elements. 
2.3 SLEEVE-SEAL FITTINGS 

A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for 
embedding in concrete slab or wall. Unit shall have plastic or rubber waterstop collar 
with center opening to match piping OD. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. HOLDRITE. 
2.4 GROUT 

A. Description: Nonshrink; recommended for interior and exterior sealing openings in non-
fire-rated walls or floors. 

B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, 
dry, hydraulic-cement grout. 

C. Design Mix: 5000-psi, 28-day compressive strength. 

D. Packaging: Premixed and factory packaged. 

http://www.specagent.com/Lookup?ulid=1890
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2.5 SILICONE SEALANTS 

A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric 
sealants of grade indicated below. 

1. Grade: Pourable (self-leveling) formulation for openings in floors and other 
horizontal surfaces that are not fire rated. 

B. Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, 
expand and cure in place to produce a flexible, nonshrinking foam. 

PART 3 - EXECUTION 
3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS 

A. Comply with NECA 1. 

B. Comply with NEMA VE 2 for cable tray and cable penetrations. 

C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and 
Masonry-Unit Floors and Walls: 

1. Interior Penetrations of Non-Fire-Rated Walls and Floors: 

a. Seal annular space between sleeve and raceway or cable, using joint 
sealant appropriate for size, depth, and location of joint. Comply with 
requirements in Section 079200 "Joint Sealants." 

b. Seal space outside of sleeves with mortar or grout. Pack sealing material 
solidly between sleeve and wall, so no voids remain. Tool exposed 
surfaces smooth; protect material while curing. 

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved 
opening. 

3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and 
raceway or cable unless sleeve seal is to be installed. 

4. Install sleeves for wall penetrations unless core-drilled holes or formed openings 
are used. Install sleeves during erection of walls. Cut sleeves to length for 
mounting flush with both surfaces of walls. Deburr after cutting. 

5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2 inches 
above finished floor level. Install sleeves during erection of floors. 

D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: 

1. Use circular metal sleeves unless penetration arrangement requires rectangular 
sleeved opening. 

2. Seal space outside of sleeves with approved joint compound for gypsum board 
assemblies. 

E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with 
flexible boot-type flashing units applied in coordination with roofing work. 
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F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel or cast-iron 
pipe sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch 
annular clear space between pipe and sleeve for installing mechanical sleeve seals. 

G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size 
sleeves to allow for 1-inch annular clear space between raceway or cable and sleeve 
for installing sleeve-seal system. 

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at 
raceway entries into building. 

B. Install type and number of sealing elements recommended by manufacturer for 
raceway or cable material and size. Position raceway or cable in center of sleeve. 
Assemble mechanical sleeve seals and install in annular space between raceway or 
cable and sleeve. Tighten bolts against pressure plates that cause sealing elements to 
expand and make watertight seal. 

3.3 SLEEVE-SEAL-FITTING INSTALLATION 

A. Install sleeve-seal fittings in new walls and slabs as they are constructed. 

B. Assemble fitting components of length to be flush with both surfaces of concrete slabs 
and walls. Position waterstop flange to be centered in concrete slab or wall. 

C. Secure nailing flanges to concrete forms. 

D. Using grout, seal the space around outside of sleeve-seal fittings. 

END OF SECTION 260544 
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Identification for raceways. 
2. Identification of power and control cables. 
3. Identification for conductors. 
4. Warning labels and signs. 
5. Instruction signs. 
6. Equipment identification labels. 
7. Miscellaneous identification products. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes for electrical identification products. 

B. Identification Schedule: For each piece of electrical equipment and electrical system 
components to be an index of nomenclature for electrical equipment and system 
components used in identification signs and labels. Use same designations indicated 
on Drawings. 

PART 2 - PRODUCTS 
2.1 PERFORMANCE REQUIREMENTS 

A. Comply with ASME A13.1 and IEEE C2. 

B. Comply with NFPA 70. 

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

D. Comply with ANSI Z535.4 for safety signs and labels. 

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and 
inks used by label printers, shall comply with UL 969. 

F. Thermal Movements: Allow for thermal movements from ambient and surface 
temperature changes. 

1. Temperature Change:  120 deg F, ambient; 180 deg F, material surfaces. 
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2.2 COLOR AND LEGEND REQUIREMENTS 

A. Raceways and Cables Carrying Circuits at 600 V or Less:  

1. Black letters on an orange field. 
2. Legend: Indicate voltage and system or service type. 

B. Warning labels and signs shall include, but are not limited to, the following legends: 

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - 
EQUIPMENT HAS MULTIPLE POWER SOURCES." 

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN 
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 
INCHES." 

2.3 LABELS 

A. Vinyl Labels for Raceways Carrying Circuits at 600 V or Less: Preprinted, flexible 
labels laminated with a clear, weather- and chemical-resistant coating and matching 
wraparound clear adhesive tape for securing label ends. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. Champion America. 
c. emedco. 
d. LEM Products Inc. 
e. Marking Services, Inc. 
f. Panduit Corp. 

B. Snap-Around Labels for Raceways and Cables Carrying Circuits at 600 V or Less: Slit, 
pretensioned, flexible, preprinted, color-coded acrylic sleeves, with diameters sized to 
suit diameters of raceways they identify, and that stay in place by gripping action. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. Marking Services, Inc. 
c. Panduit Corp. 
d. Seton Identification Products. 

C. Self-Adhesive Labels: 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 
a. Brady Corporation. 

http://www.specagent.com/Lookup?ulid=11361
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b. Brother International Corporation. 
c. emedco. 
d. Grafoplast Wire Markers. 
e. Ideal Industries, Inc. 
f. LEM Products Inc. 
g. Marking Services, Inc. 
h. Panduit Corp. 
i. Seton Identification Products. 

2. Preprinted, 3-mil-thick, polyester or vinyl flexible label with acrylic pressure-
sensitive adhesive. 

a. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-
laminating, protective shield over the legend. Labels sized to fit the cable or 
raceway diameter, such that the clear shield overlaps the entire printed 
legend. 

3. Polyester or Vinyl, thermal, transfer-printed, 3-mil-thick, multicolor, weather- and 
UV-resistant, pressure-sensitive adhesive labels, configured for display on front 
cover, door, or other access to equipment unless otherwise indicated. 

a. Nominal Size: 3.5-by-5-inch. 

4. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag 
manufacturer. 

5. Marker for Tags: Machine-printed, permanent, waterproof, black ink 
recommended by printer manufacturer. 

2.4 BANDS AND TUBES: 

A. Snap-Around, Color-Coding Bands for Raceways and Cables: Slit, pretensioned, 
flexible, solid-colored acrylic sleeves, 2 inches long, with diameters sized to suit 
diameters of raceways or cables they identify, and that stay in place by gripping action. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. Marking Services, Inc. 
c. Panduit Corp. 

B. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tubes with machine-printed 
identification labels, sized to suit diameters of and shrunk to fit firmly around cables 
they identify. Full shrink recovery occurs at a maximum of 200 deg F. Comply with UL 
224. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 
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a. Brady Corporation. 
b. Panduit Corp. 

2.5 TAPES AND STENCILS: 

A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit 
identification legend machine printed by thermal transfer or equivalent process. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Carlton Industries, LP. 
b. Champion America. 
c. Ideal Industries, Inc. 
d. Marking Services, Inc. 
e. Panduit Corp. 

B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less 
than 3 mils thick by 1 to 2 inches wide; compounded for outdoor use. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. emedco. 
d. Marking Services, Inc. 

C. Tape and Stencil for Raceways Carrying Circuits 600 V or Less: 4-inch-wide black 
stripes on 10-inch centers placed diagonally over orange background that extends full 
length of raceway or duct and is 12 inches wide. Stop stripes at legends. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. LEM Products Inc. 
b. Marking Services, Inc. 
c. Seton Identification Products. 

D. Floor Marking Tape: 2-inch-wide, 5-mil pressure-sensitive vinyl tape, with yellow and 
black stripes and clear vinyl overlay. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Carlton Industries, LP. 
b. Seton Identification Products. 
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2.6 Tags 

A. Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch, with stamped legend, punched for 
use with self-locking cable tie fastener. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. emedco. 
d. Marking Services, Inc. 
e. Seton Identification Products. 

B. Nonmetallic Preprinted Tags: Polyethylene tags, 0.015 inch thick, color-coded for 
phase and voltage level, with factory printed permanent designations; punched for use 
with self-locking cable tie fastener. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. emedco. 
d. Grafoplast Wire Markers. 
e. LEM Products Inc. 
f. Marking Services, Inc. 
g. Panduit Corp. 
h. Seton Identification Products. 

C. Write-On Tags: 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Carlton Industries, LP. 
b. LEM Products Inc. 
c. Seton Identification Products. 

 
2. Polyester Tags:  0.010 inch thick, with corrosion-resistant grommet and cable tie 

for attachment to raceway, conductor, or cable. 
3. Marker for Tags: Machine-printed, permanent, waterproof, black ink marker 

recommended by printer manufacturer. 
2.7 Signs 

A. Baked-Enamel Signs: 
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1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, 
and size required for application. 

2. 1/4-inch grommets in corners for mounting. 
3. Nominal Size: 7 by 10 inches. 

4. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Carlton Industries, LP. 
b. Champion America. 
c. emedco. 
d. Marking Services, Inc. 

B. Metal-Backed Butyrate Signs: 

1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs, with 
0.0396-inch galvanized-steel backing and with colors, legend, and size required 
for application. 

2. 1/4-inch grommets in corners for mounting. 
3. Nominal Size: 10 by 14 inches. 

4. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. Champion America. 
c. emedco. 
d. Marking Services, Inc. 

C. Laminated Acrylic or Melamine Plastic Signs: 

1. Engraved legend. 
2. Thickness: 

a. For signs up to 20 sq. inches, minimum 1/16-inch- 
b. For signs larger than 20 sq. inches, 1/8 inch thick. 
c. Engraved legend with black letters on white face. 
d. Punched or drilled for mechanical fasteners. 
e. Framed with mitered acrylic molding and arranged for attachment at 

applicable equipment. 

3. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. emedco. 
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d. Marking Services, Inc. 
2.8 CABLE TIES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. Ideal Industries, Inc. 
2. Marking Services, Inc. 
3. Panduit Corp. 

B. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, 
Type 6/6 nylon. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 deg F according to ASTM D 638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black, except where used for color-coding. 

C. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior 
sunlight, self-extinguishing, one piece, self-locking, Type 6/6 nylon. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 deg F according to ASTM D 638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black. 

D. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, self-locking. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 deg F according to ASTM D 638: 7000 psi. 
3. UL 94 Flame Rating: 94V-0. 
4. Temperature Range: Minus 50 to plus 284 deg F. 
5. Color: Black. 

2.9 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and application 
requirements. Retain paint system applicable for surface material and location (exterior 
or interior). 

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel 
machine screws with nuts and flat and lock washers. 

PART 3 - EXECUTION 
3.1 PREPARATION 

A. Self-Adhesive Identification Products: Before applying electrical identification products, 
clean substrates of substances that could impair bond, using materials and methods 
recommended by manufacturer of identification product. 

http://www.specagent.com/Lookup?uid=123456980916
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3.2 INSTALLATION 

A. Verify and coordinate identification names, abbreviations, colors, and other features 
with requirements in other Sections requiring identification applications, Drawings, 
Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance 
manual. Use consistent designations throughout Project. 

B. Install identifying devices before installing acoustical ceilings and similar concealment. 

C. Verify identity of each item before installing identification products. 

D. Install identification materials and devices at locations for most convenient viewing 
without interference with operation and maintenance of equipment. Install access doors 
or panels to provide view of identifying devices. 

E. Apply identification devices to surfaces that require finish after completing finish work. 

F. Attach signs and plastic labels that are not self-adhesive type with mechanical 
fasteners appropriate to the location and substrate. 

G. Attach plastic raceway and cable labels that are not self-adhesive type with clear vinyl 
tape, with adhesive appropriate to the location and substrate. 

H. Cable Ties: For attaching tags. Use general-purpose type, except as listed below: 

1. Outdoors: UV-stabilized nylon. 
2. In Spaces Handling Environmental Air: Plenum rated. 

I. Painted Identification: Comply with requirements in painting Sections for surface 
preparation and paint application. 

J. Aluminum Wraparound Marker Labels and Metal Tags: Secure tight to surface of 
conductor or cable at a location with high visibility and accessibility. 

K. System Identification Color-Coding Bands for Raceways and Cables: Each color-
coding band shall completely encircle cable or conduit. Place adjacent bands of two-
color markings in contact, side by side. Locate bands at changes in direction, at 
penetrations of walls and floors, at 50-foot maximum intervals in straight runs, and at 
25-foot maximum intervals in congested areas. 

3.3 IDENTIFICATION SCHEDULE 

A. Accessible Raceways, Armored and Metal-Clad Cables, More Than 600 V:  Snap-
around labels. Install labels at 10-foot maximum intervals. 

B. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and 
Branch Circuits, More Than 30 A and 120 V to Ground: Identify with self-adhesive vinyl 
label. Install labels at 30-foot maximum intervals. 
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C. Accessible Raceways and Cables within Buildings: Identify the covers of each junction 
and pull box of the following systems with self-adhesive vinyl labels containing the 
wiring system legend and system voltage. System legends shall be as follows: 

1. "STANDBY POWER." 
2. "POWER." 
3. "UPS." 

D. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull 
and junction boxes, manholes, and handholes, use color-coding conductor tape to 
identify the phase. 

1. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use 
colors listed below for ungrounded service, feeder and branch-circuit conductors. 

a. Color shall be factory applied or field applied for sizes larger than 
No. 8 AWG if authorities having jurisdiction permit. 

b. Colors for 208/120-V Circuits: 

1) Phase A: Black. 
2) Phase B: Red. 
3) Phase C: Blue. 

c. Colors for 480/277-V Circuits: 

1) Phase A: Brown. 
2) Phase B: Orange. 
3) Phase C: Yellow. 

d. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for 
a minimum distance of 6 inches from terminal points and in boxes where 
splices or taps are made. Apply last two turns of tape with no tension to 
prevent possible unwinding. Locate bands to avoid obscuring factory cable 
markings. 

E. Power-Circuit Conductor Identification, More Than 600 V: For conductors in vaults, pull 
and junction boxes, manholes, and handholes, use nonmetallic preprinted tags colored 
and marked to indicate phase, and a separate tag with the circuit designation. 

F. Install instructional sign, including the color code for grounded and ungrounded 
conductors using adhesive-film-type labels. 

G. Control-Circuit Conductor Identification: For conductors and cables in pull and junction 
boxes, manholes, and handholes, use self-adhesive, self-laminating polyester labels 
with the conductor or cable designation, origin, and destination. 

H. Control-Circuit Conductor Termination Identification: For identification at terminations, 
provide self-adhesive, self-laminating polyester labels with the conductor designation. 
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I. Conductors To Be Extended in the Future: Attach marker tape to conductors and list 
source. 

J. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, 
control, and signal connections. 

1. Identify conductors, cables, and terminals in enclosures and at junctions, 
terminals, and pull points. Identify by system and circuit designation. 

2. Use system of marker-tape designations that is uniform and consistent with 
system used by manufacturer for factory-installed connections. 

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, 
and operation and maintenance manual. 

K. Workspace Indication: Install floor marking tape to show working clearances in the 
direction of access to live parts. Workspace shall comply with NFPA 70 and 
29 CFR 1926.403 unless otherwise indicated. Do not install at flush-mounted 
panelboards and similar equipment in finished spaces. 

L. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  
Metal-backed, butyrate warning signs. 

1. Comply with 29 CFR 1910.145. 
2. Identify system voltage with black letters on an orange background. 
3. Apply to exterior of door, cover, or other access. 
4. For equipment with multiple power or control sources, apply to door or cover of 

equipment, including, but not limited to, the following: 

a. Power-transfer switches. 
b. Controls with external control power connections. 

M. Operating Instruction Signs: Install instruction signs to facilitate proper operation and 
maintenance of electrical systems and items to which they connect. Install instruction 
signs with approved legend where instructions are needed for system or equipment 
operation. 

N. Emergency Operating Instruction Signs: Install instruction signs with white legend on a 
red background with minimum 3/8-inch-high letters for emergency instructions at 
equipment used for power transfer. 

O. Equipment Identification Labels: On each unit of equipment, install unique designation 
label that is consistent with wiring diagrams, schedules, and operation and 
maintenance manual. Apply labels to disconnect switches and protection equipment, 
central or master units, control panels, control stations, terminal cabinets, and racks of 
each system. Systems include power, lighting, control, communication, signal, 
monitoring, and alarm unless equipment is provided with its own identification. 

1. Labeling Instructions: 

a. Indoor Equipment:  Engraved, laminated acrylic or melamine plastic label, 
punched or drilled for mechanical fasteners. Unless otherwise indicated, 
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provide a single line of text with 1/2-inch-high letters on 1-1/2-inch-high 
label; where two lines of text are required, use labels 2 inches high. 

b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label. 
c. Elevated Components: Increase sizes of labels and letters to those 

appropriate for viewing from the floor. 
d. Unless labels are provided with self-adhesive means of attachment, fasten 

them with appropriate mechanical fasteners that do not change the NEMA 
or NRTL rating of the enclosure. 

2. Equipment To Be Labeled: 

a. Panelboards: Typewritten directory of circuits in the location provided by 
panelboard manufacturer. Panelboard identification shall be in the form of a 
engraved, laminated acrylic or melamine label. 

b. Enclosures and electrical cabinets. 
c. Access doors and panels for concealed electrical items. 
d. Enclosed switches. 
e. Enclosed circuit breakers. 
f. Enclosed controllers. 
g. Push-button stations. 
h. Contactors. 
i. Remote-controlled switches, dimmer modules, and control devices. 
j. Monitoring and control equipment. 

END OF SECTION 260553 
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SECTION 260923 - LIGHTING CONTROL DEVICES 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Indoor occupancy sensors. 
2. Switchbox-mounted occupancy sensors. 

B. Related Requirements: 

1. Section 262726 "Wiring Devices" for wall-box dimmers, non-networkable wall-
switch occupancy sensors, and manual light switches. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Show installation details for the following: 

a. Occupancy sensors. 

2. Interconnection diagrams showing field-installed wiring. 
3. Include diagrams for power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

B. Sample Warranty: For manufacturer's warranties. 
1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For each type of lighting control device to include in 
operation and maintenance manuals. 

1.6 WARRANTY 

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace lighting 
control devices that fail(s) in materials or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Faulty operation of lighting control devices. 
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2. Warranty Period:  Two year(s) from date of Substantial Completion. 
PART 2 - PRODUCTS 
2.1 INDOOR OCCUPANCY SENSORS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. Bryant Electric. 
2. Cooper Industries, Inc. 
3. Hubbell Building Automation, Inc. 
4. Leviton Manufacturing Co., Inc. 
5. Lithonia Lighting; Acuity Brands Lighting, Inc. 
6. Lutron Electronics Co., Inc. 
7. NSi Industries LLC. 
8. Philips Lighting Controls. 
9. Sensor Switch, Inc. 
10. Square D. 
11. Watt Stopper. 

B. General Requirements for Sensors: 

1. Ceiling-mounted, solid-state indoor occupancy sensors. 
2. Dual technology. 
3. Separate power pack. 
4. Hardwired connection to switch. 
5. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and 

marked for intended location and application. 
6. Operation: 

a. Occupancy Sensor: Unless otherwise indicated, turn lights on when 
coverage area is occupied, and turn them off when unoccupied; with a time 
delay for turning lights off, adjustable over a minimum range of 1 to 15 
minutes. 

7. Sensor Output:  Sensor is powered from the power pack. 
8. Power:  Line voltage. 
9. Power Pack: Dry contacts rated for 20-A ballast  or LED load at 120- and 277-

V ac, for 13-A tungsten at 120-V ac, and for 1 hp at 120-V ac. Sensor has 24-
V dc, 150-mA, Class 2 power source, as defined by NFPA 70. 

10. Mounting: 

a. Sensor: Suitable for mounting in any position on a standard outlet box. 
b. Relay: Externally mounted through a 1/2-inch knockout in a standard 

electrical enclosure. 
c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind 

hinged door. 
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11. Indicator: Digital display, to show when motion is detected during testing and 
normal operation of sensor. 

12. Bypass Switch: Override the "on" function in case of sensor failure. 
13. Automatic Light-Level Sensor: Adjustable from 2 to 200 fc; turn lights off when 

selected lighting level is present. 

C. Dual-Technology Type:  Ceiling mounted; detect occupants in coverage area using PIR 
and ultrasonic detection methods. The particular technology or combination of 
technologies that control on-off functions is selectable in the field by operating controls 
on unit. 

1. Sensitivity Adjustment: Separate for each sensing technology. 
2. Detector Sensitivity: Detect occurrences of 6-inch-minimum movement of any 

portion of a human body that presents a target of not less than 36 sq. in., and 
detect a person of average size and weight moving not less than 12 inches in 
either a horizontal or a vertical manner at an approximate speed of 12 inches/s. 

3. Detection Coverage (Standard Room): Detect occupancy anywhere within a 
circular area of 1000 sq. ft. when mounted on a 96-inch-high ceiling. 

4. Detection Coverage (Room, Wall Mounted): Detect occupancy anywhere within a 
180-degree pattern centered on the sensor over an area of 1000 square feet 
when mounted 48 inches above finished floor. 

2.2 SWITCHBOX-MOUNTED OCCUPANCY SENSORS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. Bryant Electric. 
2. Cooper Industries, Inc. 
3. Hubbell Building Automation, Inc. 
4. Leviton Manufacturing Co., Inc. 
5. Lithonia Lighting; Acuity Brands Lighting, Inc. 
6. Lutron Electronics Co., Inc. 
7. NSi Industries LLC. 
8. Philips Lighting Controls. 
9. Sensor Switch, Inc. 
10. Square D. 
11. Watt Stopper. 

B. General Requirements for Sensors: Automatic-wall-switch occupancy sensor with 
manual on-off switch, suitable for mounting in a single gang switchbox using hardwired 
connection. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and 
marked for intended location and application. 

2. Occupancy Sensor Operation: Unless otherwise indicated, turn lights on when 
coverage area is occupied, and turn lights off when unoccupied; with a time delay 
for turning lights off, adjustable over a minimum range of 1 to 15 minutes. 

3. Operating Ambient Conditions: Dry interior conditions, 32 to 120 deg F. 
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4. Switch Rating: Not less than 800-VA ballast or LED load at 120 V, 1200-VA 
ballast  or LED load at 277 V, and 800-W incandescent. 

C. Wall-Switch Sensor Tag WS1: 

1. Standard Range: 180-degree field of view, field adjustable from 180 to 40 
degrees; with a minimum coverage area of 900 sq. ft. 

2. Sensing Technology:  Dual technology - PIR and ultrasonic. 
3. Switch Type:  SP. 
4. Capable of controlling load in three-way application. 
5. Voltage:  Match the circuit voltage. 
6. Ambient-Light Override: Concealed, field-adjustable, light-level sensor from 10 to 

150 fc. The switch prevents the lights from turning on when the light level is 
higher than the set point of the sensor. 

7. Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes. 
8. Adaptive Technology: Self-adjusting circuitry detects and memorizes usage 

patterns of the space and helps eliminate false "off" switching. 
9. Color:  White. 
10. Faceplate: Color matched to switch. 

2.3 CONDUCTORS AND CABLES 

A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than 
No. 12 AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical 
Power Conductors and Cables." 

B. Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors 
not smaller than No. 18 AWG. Comply with requirements in Section 260519 "Low-
Voltage Electrical Power Conductors and Cables." 

C. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not 
smaller than No. 14 AWG. Comply with requirements in Section 260519 "Low-Voltage 
Electrical Power Conductors and Cables." 

PART 3 - EXECUTION 
3.1 EXAMINATION 

A. Examine lighting control devices before installation. Reject lighting control devices that 
are wet, moisture damaged, or mold damaged. 

B. Examine walls and ceilings for suitable conditions where lighting control devices will be 
installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 
3.2 SENSOR INSTALLATION 

A. Comply with NECA 1. 
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B. Coordinate layout and installation of ceiling-mounted devices with other construction 
that penetrates ceilings or is supported by them, including light fixtures, HVAC 
equipment, smoke detectors, fire-suppression systems, and partition assemblies. 

C. Install and aim sensors in locations to achieve not less than 90-percent coverage of 
areas indicated. Do not exceed coverage limits specified in manufacturer's written 
instructions. 

3.3 WIRING INSTALLATION 

A. Comply with NECA 1. 

B. Wiring Method: Comply with Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." Minimum conduit size is 1/2 inch. 

C. Wiring within Enclosures: Comply with NECA 1. Separate power-limited and nonpower-
limited conductors according to conductor manufacturer's written instructions. 

D. Size conductors according to lighting control device manufacturer's written instructions 
unless otherwise indicated. 

E. Splices, Taps, and Terminations: Make connections only on numbered terminal strips 
in junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures. 

3.4 IDENTIFICATION 

A. Identify components and power and control wiring according to Section 260553 
"Identification for Electrical Systems." 

1. Identify circuits or luminaires controlled by occupancy sensors at each sensor. 
3.5 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to 
test and inspect components, assemblies, and equipment installations, including 
connections. 

B. Perform the following tests and inspections: 

1. Operational Test: After installing time switches and sensors, and after electrical 
circuitry has been energized, start units to confirm proper unit operation. 

2. Test and adjust controls and safeties. Replace damaged and malfunctioning 
controls and equipment. 

C. Lighting control devices will be considered defective if they do not pass tests and 
inspections. 

D. Prepare test and inspection reports. 
3.6 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months from date of Substantial 
Completion, provide on-site assistance in adjusting lighting control devices to suit 
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actual occupied conditions. Provide up to two visits to Project during other-than-normal 
occupancy hours for this purpose. 

1. For occupancy and motion sensors, verify operation at outer limits of detector 
range. Set time delay to suit Owner's operations. 

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain lighting control devices. 

END OF SECTION 260923 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 
 

            26 24 16 - 1          Panelboards  

SECTION 262416 - PANELBOARDS 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Lighting and appliance branch-circuit panelboards. 
1.3 DEFINITIONS 

A. ATS: Acceptance testing specification. 

B. GFCI: Ground-fault circuit interrupter. 

C. MCCB: Molded-case circuit breaker. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of panelboard. 

1. Include materials, switching and overcurrent protective devices, accessories, and 
components indicated. 

2. Include dimensions and manufacturers' technical data on features, performance, 
electrical characteristics, ratings, and finishes. 

B. Shop Drawings: For each panelboard and related equipment. 

1. Include dimensioned plans, elevations, sections, and details. 
2. Show tabulations of installed devices with nameplates, conductor termination 

sizes, equipment features, and ratings. 
3. Detail enclosure types including mounting and anchorage, environmental 

protection, knockouts, corner treatments, covers and doors, gaskets, hinges, and 
locks. 

4. Detail bus configuration, current, and voltage ratings. 
5. Short-circuit current rating of panelboards and overcurrent protective devices. 
6. Detail features, characteristics, ratings, and factory settings of individual 

overcurrent protective devices and auxiliary components. 
7. Include wiring diagrams for power, signal, and control wiring. 
8. Include time-current coordination curves for each type and rating of overcurrent 

protective device included in panelboards. Submit on translucent log-log graft 
paper; include selectable ranges for each type of overcurrent protective device. 
Include an Internet link for electronic access to downloadable PDF of the 
coordination curves. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Panelboard Schedules: For installation in panelboards. Submit final versions after load 
balancing. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For panelboards and components to include in 
emergency, operation, and maintenance manuals. In addition to items specified in 
Section 017823 "Operation and Maintenance Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting overcurrent protective 
devices. 

2. Time-current curves, including selectable ranges for each type of overcurrent 
protective device that allows adjustments. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 

1. Keys:  Two spares for each type of panelboard cabinet lock. 
2. Circuit Breakers Including GFCI and GFEP Types:  Two spares for each 

panelboard. 
3. Fuses for Fused Switches: Equal to 10 percent of quantity installed for each size 

and type, but no fewer than three of each size and type. 
1.8 QUALITY ASSURANCE 

A. Manufacturer Qualifications: ISO 9001 or ISO 9002 certified. 
1.9 DELIVERY, STORAGE, AND HANDLING 

A. Remove loose packing and flammable materials from inside panelboards; install 
temporary electric heating (250 W per panelboard) to prevent condensation. 

B. Handle and prepare panelboards for installation according to NEMA PB 1. 
1.10 FIELD CONDITIONS 

A. Environmental Limitations: 

1. Rate equipment for continuous operation under the following conditions unless 
otherwise indicated: 

a. Ambient Temperature: Not exceeding 23 deg F to plus 104 deg F. 
b. Altitude: Not exceeding 6600 feet. 

B. Interruption of Existing Electric Service: Do not interrupt electric service to facilities 
occupied by Owner or others unless permitted under the following conditions and then 
only after arranging to provide temporary electric service according to requirements 
indicated: 
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1. Notify Owner no fewer than seven days in advance of proposed interruption of 
electric service. 

2. Do not proceed with interruption of electric service without Owner's written 
permission. 

3. Comply with NFPA 70E. 
1.11 WARRANTY 

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace panelboards that 
fail in materials or workmanship within specified warranty period. 

1. Panelboard Warranty Period:  18 months from date of Substantial Completion. 
PART 2 - PRODUCTS 
2.1 PANELBOARDS COMMON REQUIREMENTS 

A. Product Selection for Restricted Space: Drawings indicate maximum dimensions for 
panelboards including clearances between panelboards and adjacent surfaces and 
other items. Comply with indicated maximum dimensions. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

C. Comply with NEMA PB 1. 

D. Comply with NFPA 70. 

E. Enclosures:  Flush and Surface-mounted, dead-front cabinets. 

1. Rated for environmental conditions at installed location. 

a. Indoor Dry and Clean Locations: NEMA 250, Type 1. 
b. Outdoor Locations: NEMA 250, Type 3R. 
c. Other Wet or Damp Indoor Locations: NEMA 250, Type 4. 

2. Height: 84 inches maximum. 
3. Hinged Front Cover: Entire front trim hinged to box and with standard door within 

hinged trim cover. Trims shall cover all live parts and shall have no exposed 
hardware. 

4. Finishes: 

a. Panels and Trim:  Steel, factory finished immediately after cleaning and 
pretreating with manufacturer's standard two-coat, baked-on finish 
consisting of prime coat and thermosetting topcoat. 

b. Back Boxes:  Galvanized steel. 

F. Incoming Mains: 

1. Location:  Convertible between top and bottom. 
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2. Main Breaker: Main lug interiors up to 400 amperes shall be field convertible to 
main breaker. 

G. Phase, Neutral, and Ground Buses: 

1. Material:  Hard-drawn copper, 98 percent conductivity. 

a. Plating shall run entire length of bus. 
b. Bus shall be fully rated the entire length. 

2. Interiors shall be factory assembled into a unit. Replacing switching and 
protective devices shall not disturb adjacent units or require removing the main 
bus connectors. 

3. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment 
grounding conductors; bonded to box. 

4. Full-Sized Neutral: Equipped with full-capacity bonding strap for service entrance 
applications. Mount electrically isolated from enclosure. Do not mount neutral bus 
in gutter. 

H. Conductor Connectors: Suitable for use with conductor material and sizes. 

1. Material:  Hard-drawn copper, 98 percent conductivity. 
2. Terminations shall allow use of 75 deg C rated conductors without derating. 
3. Size: Lugs suitable for indicated conductor sizes, with additional gutter space, if 

required, for larger conductors. 
4. Main and Neutral Lugs:  Mechanical type, with a lug on the neutral bar for each 

pole in the panelboard. 
5. Ground Lugs and Bus-Configured Terminators:  Mechanical type, with a lug on 

the bar for each pole in the panelboard. 
6. Feed-Through Lugs:  Mechanical type, suitable for use with conductor material. 

Locate at opposite end of bus from incoming lugs or main device. 
7. Subfeed (Double) Lugs:  Mechanical type suitable for use with conductor 

material. Locate at same end of bus as incoming lugs or main device. 

I. Future Devices: Panelboards shall have mounting brackets, bus connections, filler 
plates, and necessary appurtenances required for future installation of devices. 

1. Percentage of Future Space Capacity:  20 percent. 

J. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-
circuit current available at terminals. Assembly listed by an NRTL for 100 percent 
interrupting capacity. 

1. Panelboards and overcurrent protective devices rated 240 V or less shall have 
short-circuit ratings as shown on Drawings, but not less than 10,000 A rms 
symmetrical. 

2. Panelboards and overcurrent protective devices rated above 240 V and less than 
600 V shall have short-circuit ratings as shown on Drawings, but not less than 
14,000 A rms symmetrical. 
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2.2 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Eaton. 
2. General Electric Company; GE Energy Management - Electrical Distribution. 
3. Siemens Industry, Inc., Energy Management Division. 
4. Square D; by Schneider Electric. 

B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type. 

C. Mains:  Circuit breaker or lugs only. 

D. Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without 
disturbing adjacent units. 

E. Doors: Door-in-door construction with concealed hinges; secured with multipoint latch 
with tumbler lock; keyed alike. Outer door shall permit full access to the panel interior. 
Inner door shall permit access to breaker operating handles and labeling, but current 
carrying terminals and bus shall remain concealed. 

2.3 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Eaton. 
2. General Electric Company; GE Energy Management - Electrical Distribution. 
3. Siemens Industry, Inc., Energy Management Division. 
4. Square D; by Schneider Electric. 

B. MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents. 

1. Thermal-Magnetic Circuit Breakers: 

a. Inverse time-current element for low-level overloads. 
b. Instantaneous magnetic trip element for short circuits. 
c. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and 

larger. 
2. Arc-Fault Circuit Interrupter Circuit Breakers: Comply with UL 1699; 120/240-V, 

single-pole configuration. 
3. Subfeed Circuit Breakers: Vertically mounted. 
4. MCCB Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 
b. Breaker handle indicates tripped status. 
c. UL listed for reverse connection without restrictive line or load ratings. 
d. Lugs:  Mechanical style, suitable for number, size, trip ratings, and 

conductor materials. 

http://www.specagent.com/Lookup?ulid=11316
http://www.specagent.com/Lookup?uid=123457141262
http://www.specagent.com/Lookup?uid=123457141263
http://www.specagent.com/Lookup?uid=123457141264
http://www.specagent.com/Lookup?uid=123457141265
http://www.specagent.com/Lookup?ulid=11316
http://www.specagent.com/Lookup?uid=123457141262
http://www.specagent.com/Lookup?uid=123457141263
http://www.specagent.com/Lookup?uid=123457141264
http://www.specagent.com/Lookup?uid=123457141265


2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 
 

            26 24 16 - 6          Panelboards  

e. Application Listing: Appropriate for application; Type SWD for switching 
fluorescent lighting loads; Type HID for feeding fluorescent and HID lighting 
circuits. 

f. Ground-Fault Protection:  Integrally mounted relay and trip unit with 
adjustable pickup and time-delay settings, push-to-test feature, and 
ground-fault indicator. 

g. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at 75 
percent of rated voltage. 

h. Rating Plugs: Three-pole breakers with ampere ratings greater than 150 
amperes shall have interchangeable rating plugs or electronic adjustable 
trip units. 

i. Multipole units enclosed in a single housing with a single handle. 
j. Handle Padlocking Device: Fixed attachment, for locking circuit-breaker 

handle in on or off position. 
k. Handle Clamp: Loose attachment, for holding circuit-breaker handle in on 

position. 

C. Fused Switch: NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable 
handle. 

1. Fuses and Spare-Fuse Cabinet: Comply with requirements specified in 
Section 262813 "Fuses." 

2. Fused Switch Features and Accessories: 

a. Standard ampere ratings and number of poles. 
b. Mechanical cover interlock with a manual interlock override, to prevent the 

opening of the cover when the switch is in the on position. The interlock 
shall prevent the switch from being turned on with the cover open. The 
operating handle shall have lock-off means with provisions for three 
padlocks. 

c. Auxiliary Contacts:  Two normally open and normally closed contact(s) that 
operate with switch handle operation. 

2.4 IDENTIFICATION 

A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number of 
phases, and number of poles shall be located on the interior of the panelboard door. 

B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, 
and AIC rating. 

C. Circuit Directory: Directory card inside panelboard door, mounted in metal frame with 
transparent protective cover. 

1. Circuit directory shall identify specific purpose with detail sufficient to distinguish 
it from all other circuits. 

2.5 ACCESSORY COMPONENTS AND FEATURES 

A. Accessory Set: Include tools and miscellaneous items required for overcurrent 
protective device test, inspection, maintenance, and operation. 
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PART 3 - EXECUTION 
3.1 EXAMINATION 

A. Verify actual conditions with field measurements prior to ordering panelboards to verify 
that equipment fits in allocated space in, and comply with, minimum required 
clearances specified in NFPA 70. 

B. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1. 

C. Examine panelboards before installation. Reject panelboards that are damaged, 
rusted, or have been subjected to water saturation. 

D. Examine elements and surfaces to receive panelboards for compliance with installation 
tolerances and other conditions affecting performance of the Work. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 
3.2 INSTALLATION 

A. Coordinate layout and installation of panelboards and components with other 
construction that penetrates walls or is supported by them, including electrical and 
other types of equipment, raceways, piping, encumbrances to workspace clearance 
requirements, and adjacent surfaces. Maintain required workspace clearances and 
required clearances for equipment access doors and panels. 

B. Comply with NECA 1. 

C. Install panelboards and accessories according to NEMA PB 1.1. 

D. Equipment Mounting: 
1. Attach panelboard to the vertical finished or structural surface behind the 

panelboard. 

E. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets 
and temporary blocking of moving parts from panelboards. 

F. Mount top of trim 90 inches above finished floor unless otherwise indicated. 

G. Mount panelboard cabinet plumb and rigid without distortion of box. 

H. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with 
back box. 

I. Mount surface-mounted panelboards to steel slotted supports 1-1/4 inch in depth. 
Orient steel slotted supports vertically. 

J. Install overcurrent protective devices and controllers not already factory installed. 

1. Set field-adjustable, circuit-breaker trip ranges. 
2. Tighten bolted connections and circuit breaker connections using calibrated 

torque wrench or torque screwdriver per manufacturer's written instructions. 
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K. Make grounding connections and bond neutral for services and separately derived 
systems to ground. Make connections to grounding electrodes, separate grounds for 
isolated ground bars, and connections to separate ground bars. 

L. Install filler plates in unused spaces. 

M. Stub four 1-inch empty conduits from panelboard into accessible ceiling space or 
space designated to be ceiling space in the future. Stub four 1-inch empty conduits into 
raised floor space or below slab not on grade. 

N. Arrange conductors in gutters into groups and bundle and wrap with wire ties after 
completing load balancing. 

3.3 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; install 
warning signs complying with requirements in Section 260553 "Identification for 
Electrical Systems." 

B. Create a directory to indicate installed circuit loads after balancing panelboard loads; 
incorporate Owner's final room designations. Obtain approval before installing. 
Handwritten directories are not acceptable. Install directory inside panelboard door. 

C. Panelboard Nameplates: Label each panelboard with a nameplate complying with 
requirements for identification specified in Section 260553 "Identification for Electrical 
Systems." 

D. Device Nameplates: Label each branch circuit device in power panelboards with a 
nameplate complying with requirements for identification specified in Section 260553 
"Identification for Electrical Systems." 

E. Install warning signs complying with requirements in Section 260553 "Identification for 
Electrical Systems" identifying source of remote circuit. 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Acceptance Testing Preparation: 

1. Test insulation resistance for each panelboard bus, component, connecting 
supply, feeder, and control circuit. 

2. Test continuity of each circuit. 

C. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test for low-voltage 
air circuit breakers stated in NETA ATS, Paragraph 7.6 Circuit Breakers. Perform 
optional tests. Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

3. Perform the following infrared scan tests and inspections and prepare reports: 
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a. Initial Infrared Scanning: After Substantial Completion, but not more than 
60 days after Final Acceptance, perform an infrared scan of each 
panelboard. Remove front panels so joints and connections are accessible 
to portable scanner. 

b. Instruments and Equipment: 

1) Use an infrared scanning device designed to measure temperature or 
to detect significant deviations from normal values. Provide 
calibration record for device. 

D. Panelboards will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports, including a certified report that identifies 
panelboards included and that describes scanning results, with comparisons of the two 
scans. Include notation of deficiencies detected, remedial action taken, and 
observations after remedial action. 

3.5 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges. 

C. Load Balancing: After Substantial Completion, but not more than 60 days after Final 
Acceptance, measure load balancing and make circuit changes. Prior to making circuit 
changes to achieve load balancing, inform Architect of effect on phase color coding. 

1. Measure loads during period of normal facility operations. 
2. Perform circuit changes to achieve load balancing outside normal facility 

operation schedule or at times directed by the Architect. Avoid disrupting 
services such as fax machines and on-line data processing, computing, 
transmitting, and receiving equipment. 

3. After changing circuits to achieve load balancing, recheck loads during normal 
facility operations. Record load readings before and after changing circuits to 
achieve load balancing. 

4. Tolerance: Maximum difference between phase loads, within a panelboard, shall 
not exceed 20 percent. 

END OF SECTION 262416 
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SECTION 262726 - WIRING DEVICES 
PART 1 - GENERAL  
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Receptacles, receptacles with integral GFCI, and associated device plates. 
 

1.3 DEFINITIONS 

A. GFCI: Ground-fault circuit interrupter. 

B. Pigtail: Short lead used to connect a device to a branch-circuit conductor. 

C. UTP: Unshielded twisted pair. 
1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Receptacles for Owner-Furnished Equipment: Match plug configurations. 
2. Cord and Plug Sets: Match equipment requirements. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: List of legends and description of materials and process used for 
premarking wall plates. 

1.6 INFORMATIONAL SUBMITTALS 
 

A. Field quality-control reports. 
1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' 
packing-label warnings and instruction manuals that include labeling conditions. 

1.8 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 

1. Floor Service-Outlet Assemblies:  One for every 10, but no fewer than one. 
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2. Poke-Through, Fire-Rated Closure Plugs:  One for every five floor service outlets 
installed, but no fewer than two. 

PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. Cooper Wiring Devices, Inc.; Division of Cooper Industries, Inc. 
2. Hubbell Incorporated; Wiring Device-Kellems. 
3. Leviton Manufacturing Co., Inc. 
4. Pass & Seymour/Legrand (Pass & Seymour). 

B. Source Limitations: Obtain each type of wiring device and associated wall plate from 
single source from single manufacturer. 

2.2 GENERAL WIRING-DEVICE REQUIREMENTS 

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

B. Comply with NFPA 70. 
2.3 CORD AND PLUG SETS 

A. Description: 

1. Match voltage and current ratings and number of conductors to requirements of 
equipment being connected. 

2. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; 
with green-insulated grounding conductor and ampacity of at least 130 percent of 
the equipment rating. 

3. Plug: Nylon body and integral cable-clamping jaws. Match cord and receptacle 
type for connection. 

2.4 DECORATOR-STYLE DEVICES 

A. Convenience Receptacles: Square face, 125 V, 20 A; comply with NEMA WD 1, 
NEMA WD 6 Configuration 5-20R, and UL 498. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Cooper Wiring Devices, Inc.; Division of Cooper Industries, Inc. 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

http://www.specagent.com/Lookup?ulid=2075
http://www.specagent.com/Lookup?uid=123456995147
http://www.specagent.com/Lookup?uid=123456995148
http://www.specagent.com/Lookup?uid=123456995145
http://www.specagent.com/Lookup?uid=123456995146
http://www.specagent.com/Lookup?ulid=2137
http://www.specagent.com/Lookup?uid=123456995187
http://www.specagent.com/Lookup?uid=123456995188
http://www.specagent.com/Lookup?uid=123456995185
http://www.specagent.com/Lookup?uid=123456995186


2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 
 

 26 27 26 - 3  Wiring Devices  
   
 

B. GFCI, Feed-Through Type, Convenience Receptacles: Square face, 125 V, 20 A; 
comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and UL 943 
Class A. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Cooper Wiring Devices, Inc.; Division of Cooper Industries, Inc. 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

C. GFCI, Weather-Resistant Convenience Receptacles: Square face, 125 V, 20 A; comply 
with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and UL 943 Class A. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Cooper Wiring Devices, Inc.; Division of Cooper Industries, Inc. 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Pass & Seymour/Legrand (Pass & Seymour). 

D. Toggle Switches, Square Face, 120/277 V, 20 A: Comply with NEMA WD 1, UL 20, 
and FS W-S-896. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Cooper Wiring Devices, Inc.; Division of Cooper Industries, Inc. 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

E. Lighted Toggle Switches, Square Face, 120 V, 20 A: Comply with NEMA WD 1 and 
UL 20. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Cooper Wiring Devices, Inc.; Division of Cooper Industries, Inc. 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

2. Description: With neon-lighted handle, illuminated when switch is "off." 

http://www.specagent.com/Lookup?ulid=2140
http://www.specagent.com/Lookup?uid=123456995190
http://www.specagent.com/Lookup?uid=123456995191
http://www.specagent.com/Lookup?uid=123456995192
http://www.specagent.com/Lookup?uid=123456995193
http://www.specagent.com/Lookup?ulid=2141
http://www.specagent.com/Lookup?uid=123456995268
http://www.specagent.com/Lookup?uid=123456995269
http://www.specagent.com/Lookup?uid=123456995270
http://www.specagent.com/Lookup?ulid=2142
http://www.specagent.com/Lookup?uid=123456995195
http://www.specagent.com/Lookup?uid=123456995196
http://www.specagent.com/Lookup?uid=123456995197
http://www.specagent.com/Lookup?uid=123456995198
http://www.specagent.com/Lookup?ulid=2143
http://www.specagent.com/Lookup?uid=123456995200
http://www.specagent.com/Lookup?uid=123456995201
http://www.specagent.com/Lookup?uid=123456995202
http://www.specagent.com/Lookup?uid=123456995203
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F. All branch circuits rated at 15 amperes shall only have receptacles rated at 15 amperes 
connected to it. 

2.5 WALL PLATES 

A. Single and combination types shall match corresponding wiring devices. 

1. Plate-Securing Screws: Metal with head color to match plate finish. 
2. Material for Finished Spaces including garage, work and storage areas:  0.035” 

satin-finished stainless steel. 
3. Material for Unfinished Spaces such as mechanical room, electrical room, janitor 

closets:  Galvanized steel. 
4. Material for Damp Locations:  Thermoplastic with spring-loaded lift cover, and 

listed and labeled for use in wet and damp locations. 

B. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, 
weather-resistant, die-cast aluminum box with lockable cover. 

2.6 FINISHES 

A. Device Color: Wiring device catalog numbers in Section Text do not designate device 
color. 

1. Wiring Devices Connected to Normal Power System:  White, unless otherwise 
indicated by architect or required by NFPA 70 or device listing. 

B. Wall Plate Color: For plastic covers, match device color. 
PART 3 - EXECUTION 
3.1 INSTALLATION 

A. Comply with NECA 1, including mounting heights listed in that standard, unless 
otherwise indicated. 

B. Coordination with Other Trades: 

1. Protect installed devices and their boxes. Do not place wall finish materials over 
device boxes and do not cut holes for boxes with routers that are guided by riding 
against outside of boxes. 

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, 
concrete, dust, paint, and other material that may contaminate the raceway 
system, conductors, and cables. 

3. Install device boxes in brick or block walls so that the cover plate does not cross 
a joint unless the joint is troweled flush with the face of the wall. 

4. Install wiring devices after all wall preparation, including painting, is complete. 

C. Conductors: 

1. Do not strip insulation from conductors until right before they are spliced or 
terminated on devices. 
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2. Strip insulation evenly around the conductor using tools designed for the 
purpose. Avoid scoring or nicking of solid wire or cutting strands from stranded 
wire. 
 

3. The length of free conductors at outlets for devices shall meet provisions of 
NFPA 70, Article 300, without pigtails. 

4. Existing Conductors: 

a. Cut back and pigtail, or replace all damaged conductors. 
b. Straighten conductors that remain and remove corrosion and foreign 

matter. 
c. Pigtailing existing conductors is permitted, provided the outlet box is large 

enough. 

D. Device Installation: 

1. Replace devices that have been in temporary use during construction and that 
were installed before building finishing operations were complete. 

2. Keep each wiring device in its package or otherwise protected until it is time to 
connect conductors. 

3. Do not remove surface protection, such as plastic film and smudge covers, until 
the last possible moment. 

4. Connect devices to branch circuits using pigtails that are not less than 6 inches in 
length. 

5. When there is a choice, use side wiring with binding-head screw terminals. Wrap 
solid conductor tightly clockwise, two-thirds to three-fourths of the way around 
terminal screw. 

6. Use a torque screwdriver when a torque is recommended or required by 
manufacturer. 

7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, 
splice No. 12 AWG pigtails for device connections. 

8. Tighten unused terminal screws on the device. 
9. When mounting into metal boxes, remove the fiber or plastic washers used to 

hold device-mounting screws in yokes, allowing metal-to-metal contact. 

E. Receptacle Orientation: 

1. Install ground pin of vertically mounted receptacles down, and on horizontally 
mounted receptacles to the right. 

F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and 
remount outlet boxes when standard device plates do not fit flush or do not cover rough 
wall opening. 

G. Dimmers: 

1. Install dimmers within terms of their listing. 
2. Verify that dimmers used for fan speed control are listed for that application. 
3. Install unshared neutral conductors on line and load side of dimmers according to 

manufacturers' device listing conditions in the written instructions. 
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H. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension 
vertical and with grounding terminal of receptacles on top. Group adjacent switches 
under single, multigang wall plates. 

I. Adjust locations of floor service outlets and service poles to suit arrangement of 
partitions and furnishings. 

3.2 GFCI RECEPTACLES 

A. Install non-feed-through-type GFCI receptacles where protection of downstream 
receptacles is not required. 

3.3 IDENTIFICATION 

A. Comply with Section 260553 "Identification for Electrical Systems." 
3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Test Instruments: Use instruments that comply with UL 1436. 
2. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital 

readout or illuminated digital-display indicators of measurement. 

B. Tests for Convenience Receptacles: 

1. Line Voltage: Acceptable range is 105 to 132 V. 
2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is 

unacceptable. 
3. Ground Impedance: Values of up to 2 ohms are acceptable. 
4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943. 
5. Using the test plug, verify that the device and its outlet box are securely 

mounted. 
6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the 

circuit breaker, poor connections, inadequate fault current path, defective 
devices, or similar problems. Correct circuit conditions, remove malfunctioning 
units and replace with new ones, and retest as specified above. 

C. Wiring device will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

END OF SECTION 262726 
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SECTION 262813 - FUSES 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Cartridge fuses rated 600 V ac and less for use in the following: 

a. Control circuits. 
b. Panelboards 
c. Enclosed controllers. 
d. Enclosed switches. 

B. Spare-fuse cabinets. 
1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. Include construction details, material 
descriptions, dimensions of individual components and profiles, and finishes for spare-
fuse cabinets. Include the following for each fuse type indicated: 

1. Dimensions and manufacturer's technical data on features, performance, 
electrical characteristics, and ratings. 

2. Coordination charts and tables and related data. 
1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For fuses to include in emergency, operation, and 
maintenance manuals. In addition to items specified in Section 017700 "Closeout 
Procedures," include the following: 

1. Ambient temperature adjustment information. 
2. Current-limitation curves for fuses with current-limiting characteristics. 
3. Coordination charts and tables and related data. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 

1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no 
fewer than three of each size and type. 
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1.6 FIELD CONDITIONS 

A. Where ambient temperature to which fuses are directly exposed is less than 40 deg for 
more than 100 deg F apply manufacturer's ambient temperature adjustment factors to 
fuse ratings. 

PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. Cooper Bussmann; a division of Cooper Industries. 
2. Edison; a brand of Cooper Bussmann; a division of Cooper Industries. 
3. Littelfuse, Inc. 
4. Mersen USA. 

B. Source Limitations: Obtain fuses, for use within a specific product or circuit, from single 
source from single manufacturer. 

2.2 CARTRIDGE FUSES 

A. Characteristics: NEMA FU 1, current-limiting, nonrenewable cartridge fuses with 
voltage ratings consistent with circuit voltages. 

1. Type RK-1:  600-V, zero- to 600-A rating, 200 kAIC, time delay. 
2. Type CC: 600-V, zero- to 30-A rating, 200 kAIC, fast acting. 
3. Type J: 600-V, zero- to 600-A rating, 200 kAIC. 
4. Type L: 600-V, 601- to 6000-A rating, 200 kAIC, time delay. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

C. Comply with NEMA FU 1 for cartridge fuses. 

D. Comply with NFPA 70. 

E. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum 
fuse size and with system short-circuit current levels. 

2.3 SPARE-FUSE CABINET 

A. Characteristics: Wall-mounted steel unit with full-length, recessed piano-hinged door 
and key-coded cam lock and pull. 

1. Size: Adequate for storage of spare fuses specified with 15 percent spare 
capacity minimum. 

2. Finish: Gray, baked enamel. 
 

http://www.specagent.com/Lookup?ulid=1938
http://www.specagent.com/Lookup?uid=123456944627
http://www.specagent.com/Lookup?uid=123456944628
http://www.specagent.com/Lookup?uid=123456944629
http://www.specagent.com/Lookup?uid=123456944630
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3. Identification: "SPARE FUSES" in 1-1/2-inch-high letters on exterior of door. 
4. Fuse Pullers: For each size of fuse, where applicable and available, from fuse 

manufacturer. 
PART 3 - EXECUTION 
3.1 EXAMINATION 

A. Examine fuses before installation. Reject fuses that are moisture damaged or 
physically damaged. 

B. Examine holders to receive fuses for compliance with installation tolerances and other 
conditions affecting performance, such as rejection features. 

C. Examine utilization equipment nameplates and installation instructions. Install fuses of 
sizes and with characteristics appropriate for each piece of equipment. 

D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be 
applied to fuse ratings. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 
3.2 FUSE APPLICATIONS 

A. Cartridge Fuses: 

1. Service Entrance:  Class L, time delay. 
2. Feeders:  Class RK1, time delay. 
3. Motor Branch Circuits:  Class RK1, time delay. 
4. Power Electronics Circuits:  Class J, high speed. 
5. Other Branch Circuits:  Class J, fast acting. 
6. Control Transformer Circuits: Class CC, time delay, control transformer duty. 
7. Provide open-fuse indicator fuses or fuse covers with open fuse indication. 

3.3 INSTALLATION 

A. Install fuses in fusible devices. Arrange fuses so rating information is readable without 
removing fuse. 

B. Install spare-fuse cabinet(s) in location shown on the Drawings or as indicated in the 
field by Owner. 

3.4 IDENTIFICATION 

A. Install labels complying with requirements for identification specified in Section 260553 
"Identification for Electrical Systems" and indicating fuse replacement information 
inside of door of each fused switch and adjacent to each fuse block, socket, and 
holder. 

END OF SECTION 262813 
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and other Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Fusible switches. 
2. Nonfusible switches. 
3. Enclosures. 

1.3 DEFINITIONS 

A. NC: Normally closed. 

B. NO: Normally open. 

C. SPDT: Single pole, double throw. 
1.4 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and 
component indicated. Include dimensioned elevations, sections, weights, and 
manufacturers' technical data on features, performance, electrical characteristics, 
ratings, accessories, and finishes. 

1. Enclosure types and details for types other than NEMA 250, Type 1. 
2. Current and voltage ratings. 
3. Short-circuit current ratings (interrupting and withstand, as appropriate). 
4. Detail features, characteristics, ratings, and factory settings of individual 

overcurrent protective devices, accessories, and auxiliary components. 

B. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations, 
sections, details, and attachments to other work. 

1. Wiring Diagrams: For power, signal, and control wiring. 
1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that 

comply with requirements. 
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1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For enclosed switches and circuit breakers to 
include in emergency, operation, and maintenance manuals. In addition to items 
specified in Section 017823 "Operation and Maintenance Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting enclosed switches 
and circuit breakers. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 

1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no 
fewer than three of each size and type. 

2. Fuse Pullers:  Two for each size and type. 
1.8 QUALITY ASSURANCE 

A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent 
protective devices, components, and accessories, within same product category, from 
single source from single manufacturer. 

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for 
enclosed switches and circuit breakers, including clearances between enclosures, and 
adjacent surfaces and other items. Comply with indicated maximum dimensions. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

D. Comply with NFPA 70. 
1.9 PROJECT CONDITIONS 

A. Environmental Limitations: Rate equipment for continuous operation under the 
following conditions unless otherwise indicated: 

1. Ambient Temperature: Not less than minus 22 deg F and not exceeding 104 
deg F. 

2. Altitude: Not exceeding 6600 feet. 
1.10 COORDINATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with 
equipment served and adjacent surfaces. Maintain required workspace clearances and 
required clearances for equipment access doors and panels. 
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PART 2 - PRODUCTS 
2.1 FUSIBLE SWITCHES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Eaton Electrical Sector; Eaton Corporation. 
2. General Electric Company. 
3. Siemens Industry, Inc. 
4. Square D; by Schneider Electric. 

B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and 
NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified 
fuses, lockable handle with capability to accept three padlocks, and interlocked with 
cover in closed position. 

C. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum 
ground conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and 
bonded; labeled for copper and aluminum neutral conductors. 

3. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are 
specified. 

4. Auxiliary Contact Kit:  Two NO/NC (Form "C") auxiliary contact(s), arranged to 
activate before switch blades open. 

5. Lugs:  Mechanical type, suitable for number, size, and conductor material. 
6. Service-Rated Switches: Labeled for use as service equipment. 
7. Accessory Control Power Voltage: Remote mounted and powered; 120-V ac. 

2.2 NONFUSIBLE SWITCHES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Eaton Electrical Sector; Eaton Corporation. 
2. General Electric Company. 
3. Siemens Industry, Inc. 
4. Square D; by Schneider Electric. 

B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and 
NEMA KS 1, horsepower rated, lockable handle with capability to accept three 
padlocks, and interlocked with cover in closed position. 

C. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum 
ground conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and 
bonded; labeled for copper and aluminum neutral conductors. 

http://www.specagent.com/Lookup?ulid=2151
http://www.specagent.com/Lookup?uid=123456896220
http://www.specagent.com/Lookup?uid=123456896221
http://www.specagent.com/Lookup?uid=123456896219
http://www.specagent.com/Lookup?uid=123457003613
http://www.specagent.com/Lookup?ulid=2152
http://www.specagent.com/Lookup?uid=123456896224
http://www.specagent.com/Lookup?uid=123456896225
http://www.specagent.com/Lookup?uid=123456896223
http://www.specagent.com/Lookup?uid=123457003614
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3. Auxiliary Contact Kit:  Two NO/NC (Form "C") auxiliary contact(s), arranged to 
activate before switch blades open. 

4. Lugs:  Mechanical type, suitable for number, size, and conductor material. 
5. Accessory Control Power Voltage: Remote mounted and powered; 120-V ac. 

2.3 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and 
UL 50, to comply with environmental conditions at installed location. 

1. Indoor, Dry and Clean Locations: NEMA 250, Type 1. 
2. Outdoor Locations: NEMA 250, Type 4. 
3. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4. 

PART 3 - EXECUTION 
3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for 
compliance with installation tolerances and other conditions affecting performance of 
the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 
3.2 INSTALLATION 

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height 
unless otherwise indicated. 

B. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets 
and temporary blocking of moving parts from enclosures and components. 

C. Install fuses in fusible devices. 

D. Comply with NECA 1. 
3.3 IDENTIFICATION 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; 
provide warning signs. 

2. Label each enclosure with engraved metal or laminated-plastic nameplate. 
3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

1. Manufacturer's Field Service: Engage a factory-authorized service representative 
to inspect components, assemblies, and equipment installations, including 
connections, and to assist in testing. 

B. Acceptance Testing Preparation: 
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1. Test insulation resistance for each enclosed switch and circuit breaker, 
component, connecting supply, feeder, and control circuit. 

2. Test continuity of each circuit. 

C. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification. Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

3. Perform the following infrared scan tests and inspections and prepare reports: 

a. Initial Infrared Scanning: After Substantial Completion, but not more than 
60 days after Final Acceptance, perform an infrared scan of each enclosed 
switch and circuit breaker. Remove front panels so joints and connections 
are accessible to portable scanner. 

b. Instruments and Equipment: Use an infrared scanning device designed to 
measure temperature or to detect significant deviations from normal 
values. Provide calibration record for device. 

4. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 
malfunctioning controls and equipment. 

D. Enclosed switches and circuit breakers will be considered defective if they do not pass 
tests and inspections. 

E. Prepare test and inspection reports, including a certified report that identifies enclosed 
switches and circuit breakers and that describes scanning results. Include notation of 
deficiencies detected, remedial action taken, and observations after remedial action. 

3.5 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 

END OF SECTION 262816 
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SECTION 265119 - LED INTERIOR LIGHTING 
PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Interior solid-state luminaires that use LED technology. 
2. Lighting fixture supports. 

1.3 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color Rendering Index. 

C. Fixture: See "Luminaire." 

D. IP: International Protection or Ingress Protection Rating. 

E. LED: Light-emitting diode. 

F. Lumen: Measured output of lamp and luminaire, or both. 

G. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 
1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Arrange in order of luminaire designation. 
2. Include data on features, accessories, and finishes. 
3. Include physical description and dimensions of luminaires. 
4. Include emergency lighting units, including batteries and chargers. 
5. Include life, output (lumens, CCT, and CRI), and energy efficiency data. 
6. Photometric data and adjustment factors based on laboratory tests, complying 

with IESNA Lighting Measurements Testing and Calculation Guides, of each 
lighting fixture type. The adjustment factors shall be for lamps and accessories 
identical to those indicated for the lighting fixture as applied in this Project. 

a. Manufacturers' Certified Data: Photometric data certified by manufacturer's 
laboratory with a current accreditation under the National Voluntary 
Laboratory Accreditation Program for Energy Efficient Lighting Products. 

B. Product Schedule: For luminaires and lamps. Use same designations indicated on 
Drawings. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Seismic Qualification Certificates: For luminaires, accessories, and components, from 
manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual 
test of assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and 
locate and describe mounting and anchorage provisions. 

B. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements. 

C. Product Certificates: For each type of luminaire. 

D. Product Test Reports: For each luminaire, for tests performed by manufacturer and 
witnessed by a qualified testing agency. 

E. Sample warranty. 
1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires and lighting systems to include in 
operation and maintenance manuals. 

1. Provide a list of all lamp types used on Project; use ANSI and manufacturers' 
codes. 

1.7 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire 
manufacturer's laboratory that is accredited under the NVLAP for Energy Efficient 
Lighting Products. 

B. Provide luminaires from a single manufacturer for each luminaire type. 

C. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure 
color consistency among luminaires. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary protective 
covering before shipping. 

1.9 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of 
luminaires that fail in materials or workmanship within specified warranty period. 

B. Warranty Period:  Five year(s) from date of Substantial Completion. 
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PART 2 - PRODUCTS 
2.1 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Luminaires shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7 

B. Seismic Performance: Luminaires and lamps shall be labeled vibration and shock 
resistant. 

1. The term "withstand" means "the luminaire will remain in place without separation 
of any parts when subjected to the seismic forces specified and the luminaire will 
be fully operational during and after the seismic event." 

2.2 LUMINAIRE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

B. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled for 
indicated class and division of hazard by an NRTL. 

C. Recessed Fixtures: Comply with NEMA LE 4. 

D. Bulb shape complying with ANSI C79.1. 

E. Lamp base complying with ANSI C81.61 or IEC 60061-1. 

F. Rated lamp life of 35,000 hours. 

G. Lamps dimmable from 100 percent to 0 percent of maximum light output. 

H. Internal driver. 

I. Nominal Operating Voltage: As indicated on Plans. 

1. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated. 

J. Housings:  

1. Extruded-aluminum housing and heat sink. 
2. Powder-coat finish. 

2.3 DOWNLIGHT 

A. See plans for manufacturers. 

B. Minimum allowable efficacy of 80 lumens per watt. 

C. Rated lamp life of 50,000 hours to L70. 
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D. Dimmable from 100 percent to zero percent of maximum light output. 

E. Internal driver. 

2.4 STRIP LIGHT 

A. See Plans for manufacturers. 

B. Minimum allowable efficacy of 80 lumens per watt. 

C. Integral junction box with conduit fittings. 

2.5 SURFACE MOUNT, LINEAR 

A. See Plans for manufacturers. 

B. Minimum allowable efficacy of 80 lumens per watt. 

C. Integral junction box with conduit fittings. 

2.6 SURFACE MOUNT, NONLINEAR 

A. See Plans for manufacturers. 

B. Minimum allowable efficacy of 80 lumens per watt. 

C. Integral junction box with conduit fittings. 
2.7 SUSPENDED, LINEAR 

A. See Plans for manufacturers. 

B. Minimum allowable efficacy of 85 lumens per watt. 

2.8 RECESSED 

A. See plans for manufacturers. 

B. Minimum allowable efficacy of 85 lumens per watt. 

C. Minimum CRI of 80. 

D. Rated lamp life of 50,000 hours to L70. 

E. Dimmable from 100 percent to zero percent of maximum light output. 

F. Internal driver.  
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2.9 SUSPENDED, NONLINEAR 

A. See Plans for manufacturers. 

B. Minimum allowable efficacy of 85 lumens per watt. 

C. Integral junction box with conduit fittings. 
2.10 MATERIALS 

A. Metal Parts: 

1. Free of burrs and sharp corners and edges. 
2. Sheet metal components shall be steel unless otherwise indicated. 
3. Form and support to prevent warping and sagging. 

B. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage 
under operating conditions, and designed to permit relamping without use of tools. 
Designed to prevent doors, frames, lenses, diffusers, and other components from 
falling accidentally during relamping and when secured in operating position. 

C. Diffusers and Globes: 

1.  prismatic acrylic 
2. Acrylic Diffusers: One hundred percent virgin acrylic plastic, with high resistance 

to yellowing and other changes due to aging, exposure to heat, and UV radiation. 
3. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated. 

D. Housings:  

1. Extruded-aluminum housing and heat sink. 
2. Powder-coat finish. 

E. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Locate 
labels where they will be readily visible to service personnel, but not seen from normal 
viewing angles when lamps are in place. 

1. Label shall include the following lamp characteristics: 

a. "USE ONLY" and include specific lamp type. 
b. Lamp diameter, shape, size, wattage, and coating. 
c. CCT and CRI for all luminaires. 

2.11 METAL FINISHES 

A. Variations in finishes are unacceptable in the same piece. Variations in finishes of 
adjoining components are acceptable if they are within the range of approved Samples 
and if they can be and are assembled or installed to minimize contrast. 



2 November 2022  Chester Union Free School District 
Construction Documents  STEM Lab Alterations 
SED No. 44-02-01-02-0-009-006                                                                                       Chester Academy 
 

 26 51 19- 6  Led Interior Lighting  
   
 

2.12 LUMINAIRE FIXTURE SUPPORT COMPONENTS 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 
Systems" for channel and angle iron supports and nonmetallic channel and angle 
supports. 

B. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling canopy. 
Finish same as luminaire. 

C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage. 

D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod. 

E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment 
with threaded attachment, cord, and locking-type plug. 

PART 3 - EXECUTION 
3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance of 
the Work. 

B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical 
connections before fixture installation. Proceed with installation only after 
unsatisfactory conditions have been corrected. 

3.2 TEMPORARY LIGHTING 

A. If approved by the Architect, use selected permanent luminaires for temporary lighting. 
When construction is sufficiently complete, clean luminaires used for temporary lighting 
and install new lamps. 

3.3 INSTALLATION 

A. Comply with NECA 1. 

B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise 
indicated. 

C. Install lamps in each luminaire. 

D. Supports: 

1. Sized and rated for luminaire weight. 
2. Able to maintain luminaire position after cleaning and relamping. 
3. Provide support for luminaire without causing deflection of ceiling or wall. 
4. Luminaire mounting devices shall be capable of supporting a horizontal force of 

100 percent of luminaire weight and vertical force of 400 percent of luminaire 
weight. 
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E. Flush-Mounted Luminaire Support: 

1. Secured to outlet box. 
2. Attached to ceiling structural members at four points equally spaced around 

circumference of luminaire. 
3. Trim ring flush with finished surface. 

F. Wall-Mounted Luminaire Support:  

1. Attached to structural members in walls. 
2. Do not attach luminaires directly to gypsum board. 

G. Ceiling-Mounted Luminaire Support: 

1. Ceiling mount with two 5/32-inch-diameter aircraft cable supports adjustable to 
120 inches in length. 

2. Ceiling mount with pendant mount with 5/32-inch-diameter aircraft cable supports 
adjustable to 120 inches in length. 

3. Ceiling mount with hook mount. 

H. Suspended Luminaire Support: 

1. Pendants and Rods: Where longer than 48 inches, brace to limit swinging. 
2. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers. 

Support with approved outlet box and accessories that hold stem and provide 
damping of luminaire oscillations. Support outlet box vertically to building 
structure using approved devices. 

3. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point and 
wire support for suspension for each unit length of luminaire chassis, including 
one at each end. 

4. Do not use ceiling grid as support for pendant luminaires. Connect support wires 
or rods to building structure. 

I. Ceiling-Grid-Mounted Luminaires: 

1. Secure to any required outlet box. 
2. Secure luminaire to the luminaire opening using approved fasteners in a 

minimum of four locations, spaced near corners of luminaire. 
3. Use approved devices and support components to connect luminaire to ceiling 

grid and building structure in a minimum of four locations, spaced near corners of 
luminaire. 

J. Comply with requirements in Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables" for wiring connections. 

3.4 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements 
for identification specified in Section 260553 "Identification for Electrical Systems." 
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3.5 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Operational Test: After installing luminaires, switches, and accessories, and after 
electrical circuitry has been energized, test units to confirm proper operation. 

2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper 
operation. Verify transfer from normal power to battery power and retransfer to 
normal. 

B. Luminaire will be considered defective if it does not pass operation tests and 
inspections. 

C. Prepare test and inspection reports. 
3.6 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months of date of Substantial 
Completion, provide on-site assistance in adjusting the direction of aim of luminaires to 
suit occupied conditions. Make up to two visits to Project during other-than-normal 
hours for this purpose. Some of this work may be required during hours of darkness. 

1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that 
are defective. 

2. Parts and supplies shall be manufacturer's authorized replacement parts and 
supplies. 

3. Adjust the aim of luminaires in the presence of the Architect. 

 

END OF SECTION 265119 
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	220516 fl - expansion fittings and loops for plumbing piping
	220517 fl - sleeves and sleeve seals for plumbing piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUSTAINABLE DESIGN OBJECTIVES
	A. The City requires the contractor to implement practices and procedures to meet the project’s environmental performance goals, which include;
	2. Products and processes that achieve the above objectives have been selected and included in the Construction Documents.

	A. Section Includes:
	1. Sleeves.
	2. Stack-sleeve fittings.
	3. Sleeve-seal systems.
	4. Sleeve-seal fittings.
	5. Grout.


	1.4 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.

	1.5 DELIVERY, STORAGE AND HANDLING
	A.  Comply with the requirements of the Construction Indoor Air Quality Management Plan and the Construction Waste Management Plan.


	PART 2 -  PRODUCTS
	2.2 SLEEVES
	A. Cast-Iron Wall Pipes:  Cast or fabricated of cast or ductile iron and equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop unless otherwise indicated.
	B. Galvanized-Steel Wall Pipes:  ASTM A 53/A 53M, Schedule 40, with plain ends and welded steel collar; zinc coated.
	C. Galvanized-Steel-Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, with plain ends.

	2.3 STACK-SLEEVE FITTINGS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	1. 41TSmith, Jay R. Mfg. Co41T.
	2. Zurn Specification Drainage Operation; Zurn Plumbing Products Group.

	B. Description:  Manufactured, cast-iron sleeve with integral clamping flange.  Include clamping ring, bolts, and nuts for membrane flashing.
	1. Underdeck Clamp:  Clamping ring with setscrews.


	2.4 SLEEVE-SEAL SYSTEMS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	1. Advance Products & Systems, Inc.
	2. CALPICO, Inc.
	3. Metraflex Company (The).
	4. Pipeline Seal and Insulator, Inc.
	5. Proco Products, Inc.

	B. Description:  Modular sealing-element unit, designed for field assembly, for filling annular space between piping and sleeve.
	1. Sealing Elements:  EPDM-rubber interlocking links shaped to fit surface of pipe.  Include type and number required for pipe material and size of pipe.
	2. Pressure Plates:  Stainless steel.
	3. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to sealing elements.


	2.5 SLEEVE-SEAL FITTINGS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	1. Presealed Systems.

	B. Description:  Manufactured plastic, sleeve-type, waterstop assembly made for imbedding in concrete slab or wall.  Unit has plastic or rubber waterstop collar with center opening to match piping OD.

	2.6 GROUT
	A. Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics:  Nonshrink; recommended for interior and exterior applications.
	C. Design Mix:  33T5000-psi33T, 28-day compressive strength.
	D. Packaging:  Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION
	A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
	B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to provide 33T1-inch33T annular clear space between piping and concrete slabs and walls.
	1. Sleeves are not required for core-drilled holes.

	C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls are constructed.
	1. Cut sleeves to length for mounting flush with both surfaces.
	a. Exception:  Extend sleeves installed in floors of mechanical equipment areas or other wet areas 33T2 inches33T above finished floor level.

	2. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-seal system.

	D. Install sleeves for pipes passing through interior partitions.
	1. Cut sleeves to length for mounting flush with both surfaces.
	2. Install sleeves that are large enough to provide 33T1/4-inch33T annular clear space between sleeve and pipe or pipe insulation.
	3. Seal annular space between sleeve and piping or piping insulation; use joint sealants appropriate for size, depth, and location of joint.  Comply with requirements for sealants specified in Section 079200 "Joint Sealants."

	E. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations.  Seal pipe penetrations with firestop materials.  Comply with requirements for firestopping specified in Section 078413 "Pen...

	3.2 STACK-SLEEVE-FITTING INSTALLATION
	A. Install stack-sleeve fittings in new slabs as slabs are constructed.
	1. Install fittings that are large enough to provide 33T1/4-inch33T annular clear space between sleeve and pipe or pipe insulation.
	2. Secure flashing between clamping flanges for pipes penetrating floors with membrane waterproofing.  Comply with requirements for flashing specified in Section 076200 "Sheet Metal Flashing and Trim."
	3. Install section of cast-iron soil pipe to extend sleeve to 33T2 inches33T above finished floor level.
	4. Extend cast-iron sleeve fittings below floor slab as required to secure clamping ring if ring is specified.
	5. Using grout, seal the space around outside of stack-sleeve fittings.

	B. Fire-Barrier Penetrations:  Maintain indicated fire rating of floors at pipe penetrations.  Seal pipe penetrations with firestop materials.  Comply with requirements for firestopping specified in Section 078413 "Penetration Firestopping."

	3.3 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service piping entries into building.
	B. Select type, size, and number of sealing elements required for piping material and size and for sleeve ID or hole size.  Position piping in center of sleeve.  Center piping in penetration, assemble sleeve-seal system components, and install in annu...

	3.4 SLEEVE-SEAL-FITTING INSTALLATION
	A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
	B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls.  Position waterstop flange to be centered in concrete slab or wall.
	C. Secure nailing flanges to concrete forms.
	D. Using grout, seal the space around outside of sleeve-seal fittings.

	3.5 SLEEVE AND SLEEVE-SEAL SCHEDULE
	A. Use sleeves and sleeve seals for the following piping-penetration applications:
	1. Exterior Concrete Walls above Grade:
	a. Piping Smaller Than 33TNPS 633T:  Cast-iron wall sleeves.

	2. Concrete Slabs above Grade:
	a. Piping Smaller Than 33TNPS 633T:  Galvanized-steel-pipe sleeves.

	3. Interior Partitions:
	a. Piping Smaller Than 33TNPS 633T:  Galvanized-steel-pipe sleeves.





	220518 fl - escutcheons for plumbing piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUSTAINABLE DESIGN OBJECTIVES
	A. The City requires the contractor to implement practices and procedures to meet the project’s environmental performance goals, which include;


	1. Minimize the environmental impacts of the construction and operation of the project during the construction phase.  The project shall implement the following procedures singly or in combination:
	2. Products and processes that achieve the above objectives have been selected and included in the Construction Documents.
	1.3 SUMMARY
	A. Section Includes:
	1. Escutcheons.
	2. Floor plates.


	1.4 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.


	PART 2 -  PRODUCTS
	2.2 ESCUTCHEONS
	A. One-Piece, Cast-Brass Type:  With polished, chrome-plated finish and setscrew fastener.
	B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with chrome-plated finish and spring-clip fasteners.
	C. One-Piece, Stamped-Steel Type:  With chrome-plated finish and spring-clip fasteners.
	D. Split-Casting Brass Type:  With polished, chrome-plated finish and with concealed hinge and setscrew.
	E. Split-Plate, Stamped-Steel Type:  With chrome-plated finish, concealed hinge, and spring-clip fasteners.

	2.3 FLOOR PLATES
	A. One-Piece Floor Plates:  Cast-iron flange with holes for fasteners.
	B. Split-Casting Floor Plates:  Cast brass with concealed hinge.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.
	B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of insulated piping and with OD that completely covers opening.
	1. Escutcheons for New Piping:
	a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-pattern type.
	b. Chrome-Plated Piping:  One-piece, cast-brass type with polished, chrome-plated finish.
	c. Insulated Piping:  One-piece, stamped-steel type.
	d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, cast-brass type with polished, chrome-plated finish.
	e. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, stamped-steel type.
	f. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, cast-brass or split-casting brass type with polished, chrome-plated finish.
	g. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, stamped-steel type.
	h. Bare Piping in Unfinished Service Spaces:  One-piece, cast-brass type with polished, chrome-plated finish.
	i. Bare Piping in Unfinished Service Spaces:  One-piece, stamped-steel type.
	j. Bare Piping in Equipment Rooms:  One-piece, cast-brass type with polished, chrome-plated finish.
	k. Bare Piping in Equipment Rooms:  One-piece, stamped-steel type.

	2. Escutcheons for Existing Piping:
	a. Chrome-Plated Piping:  Split-casting brass type with polished, chrome-plated finish.
	b. Insulated Piping:  Split-plate, stamped-steel type with concealed hinge.
	c. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split-casting brass type with polished, chrome-plated finish.
	d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split-plate, stamped-steel type with concealed hinge.
	e. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-casting brass type with polished, chrome-plated finish.
	f. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-plate, stamped-steel type with concealed hinge.
	g. Bare Piping in Unfinished Service Spaces:  Split-casting brass type with polished, chrome-plated finish.
	h. Bare Piping in Unfinished Service Spaces:  Split-plate, stamped-steel type with concealed hinge.
	i. Bare Piping in Equipment Rooms:  Split-casting brass type with polished, chrome-plated finish.
	j. Bare Piping in Equipment Rooms:  Split-plate, stamped-steel type with concealed hinge.


	C. Install floor plates for piping penetrations of equipment-room floors.
	D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and with OD that completely covers opening.
	1. New Piping:  One-piece, floor-plate type.
	2. Existing Piping:  Split-casting, floor-plate type.


	3.2 FIELD QUALITY CONTROL
	A. Replace broken and damaged escutcheons and floor plates using new materials.



	220523 fl - general-duty valves for plumbing piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Bronze angle valves.
	2. Bronze ball valves.
	3. Iron, single-flange butterfly valves.
	4. Bronze lift check valves.
	5. Bronze swing check valves.
	6. Iron swing check valves.
	7. Iron swing check valves with closure control.
	8. Bronze gate valves.
	9. Iron gate valves.
	10. Bronze globe valves.
	11. Iron globe valves.
	12. Lubricated plug valves.
	13. Chainwheels.

	B. Related Sections:
	1. Division 22 plumbing piping Sections for specialty valves applicable to those Sections only.
	2. Division 22 Section "Identification for Plumbing Piping and Equipment" for valve tags and schedules.
	3. Division 33 water distribution piping Sections for general-duty and specialty valves for site construction piping.


	1.3 DEFINITIONS
	A. CWP:  Cold working pressure.
	B. EPDM:  Ethylene propylene copolymer rubber.
	C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber.
	D. NRS:  Non-rising stem.
	E. OS&Y:  Outside screw and yoke.
	F. RS:  Rising stem.
	G. SWP:  Steam working pressure.

	1.4 SUBMITTALS
	A. Product Data:  For each type of valve indicated.

	1.5 QUALITY ASSURANCE
	A. Source Limitations for Valves:  Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
	2. ASME B31.1 for power piping valves.
	3. ASME B31.9 for building services piping valves.

	C. NSF Compliance:  NSF 61 for valve materials for potable-water service.
	D. All valves shall be lead free.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	1. Protect internal parts against rust and corrosion.
	2. Protect threads, flange faces, grooves, and weld ends.
	3. Set angle, gate, and globe valves closed to prevent rattling.
	4. Set ball and plug valves open to minimize exposure of functional surfaces.
	5. Set butterfly valves closed or slightly open.
	6. Block check valves in either closed or open position.

	B. Use the following precautions during storage:
	1. Maintain valve end protection.
	2. Store valves indoors and maintain at higher than ambient dew point temperature.  If outdoor storage is necessary, store valves off the ground in watertight enclosures.

	C. Use sling to handle large valves; rig sling to avoid damage to exposed parts.  Do not use handwheels or stems as lifting or rigging points.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Refer to valve schedule articles for applications of valves.
	B. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures and temperatures.
	C. Valve Sizes:  Same as upstream piping unless otherwise indicated.
	D. Valve Actuator Types:
	1. Gear Actuator:  For quarter-turn valves 31TNPS 831T and larger.
	2. Handwheel:  For valves other than quarter-turn types.
	3. Handlever:  For quarter-turn valves 31TNPS 631T and smaller.
	4. Wrench:  For plug valves with square heads.  Furnish Owner with 1 wrench for every 5   plug valves, for each size square plug-valve head.
	5. Chainwheel:  Device for attachment to valve handwheel, stem, or other actuator; of size and with chain for mounting height, as indicated in the "Valve Installation" Article.

	E. Valves in Insulated Piping:  With 31T2-inch31T stem extensions and the following features:
	1. Gate Valves:  With rising stem.
	2. Ball Valves:  With extended operating handle of non-thermal-conductive material, and protective sleeve that allows operation of valve without breaking the vapor seal or disturbing insulation.
	a. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Nib-Seal Handle Extension or comparable product by one of the following:
	1) Conbrco Industries Inc.; Apollo Division.


	3. Butterfly Valves:  With extended neck.

	F. Valve-End Connections:
	1. Flanged:  With flanges according to ASME B16.1 for iron valves.
	2. Solder Joint:  With sockets according to ASME B16.18.
	3. Threaded:  With threads according to ASME B1.20.1.

	G. Valve Bypass and Drain Connections:  MSS SP-45.
	H. Bronze valves shall be made with dezincification-resistant materials.  Bronze valves made with copper alloy (brass) containing more than 15 percent zinc are not permitted.

	2.2 BRONZE ANGLE VALVES
	A. Class 125, Bronze Angle Valves with Nonmetallic Disc:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Model S-311-Y or T-311-Y or comparable product by one of the following:
	a. American Valve, Inc.
	b. Milwaukee Valve.
	c. Crane Co.; Crane Valve Group; Crane Valves.

	2. Description:
	a. Standard:  MSS SP-80, Type 2.
	b. CWP Rating:  31T200 psig31T.
	c. Body Material:  ASTM B 62, bronze with integral seat and screw-in bonnet.
	d. Ends:  Threaded or Solder.
	e. Stem:  Copper- Silicon Bronze.
	f. Disc:  PTFE or TFE.
	g. Packing:  Asbestos free.
	h. Handwheel:  Malleable iron.



	2.3 BRASS BALL VALVES
	2.4 BRONZE BALL VALVES
	A. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Model T-585-70 or S-585-70 or comparable product by one of the following:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Hammond Valve.
	c. Milwaukee Valve Company.

	2. Description:
	a. Standard:  MSS SP-110.
	b. SWP Rating:  31T150 psig31T.
	c. CWP Rating:  31T600 psig31T.
	d. Body Design:  Two piece with threaded body packnut design (no threaded stem designs allowed) with adjustable stem packing.
	e. Body Material:  Bronze.
	f. Ends:  Threaded or Solder.
	g. Seats:  PTFE or TFE.
	h. Stem:  Bronze.
	i. Ball:  Chrome-plated brass.
	j. Port:  Full.



	2.5 IRON, SINGLE-FLANGE BUTTERFLY VALVES
	A. 200 CWP, Iron, Single-Flange Butterfly Valves with EPDM Seat and Aluminum-Bronze Disc:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Model LD-2000-3/5 and LD-1000-5 or comparable product by one of the following:
	a. Cooper Cameron Valves; a division of Cooper Cameron Corporation.
	b. Crane Co.; Crane Valve Group; Jenkins Valves.
	c. Tyco International, Ltd.; Tyco Valves & Controls.

	2. Description:
	a. Standard:  MSS SP-67, Type I.
	b. CWP Rating:  31T200 psig31T.
	c. Body Design:  Lug type; suitable for bidirectional dead-end service at rated pressure without use of downstream flange.
	d. Body Material:  ASTM A 536, ductile iron.
	e. Seat:  EPDM.
	f. Stem:  One- or two-piece stainless steel.
	g. Disc:  Aluminum bronze.



	2.6 BRONZE LIFT CHECK VALVES
	A. Class 125, Lift Check Valves with Nonmetallic Buna-N Disc:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Model S-480 or T-480 or comparable product by one of the following:
	a. Hammond Valve.
	b. Milwaukee Valve Company.
	c. Mueller Steam Specialty; a division of SPX Corporation.

	2. Description:
	a. Standard:  MSS SP-80, Type 2.
	b. CWP Rating:  31T200 psig31T.
	c. Body Design:  Vertical flow.
	d. Body Material:  ASTM B 584 Alloy C844, bronze.
	e. Ends:  Threaded or Solder.
	f. Disc:  Buna-N.



	2.7 BRONZE SWING CHECK VALVES
	A. Class 125, Bronze Swing Check Valves with Bronze Disc:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Model S-413-B or T-413-B or comparable product by one of the following:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Hammond Valve.
	c. Milwaukee Valve Company.

	2. Description:
	a. Standard:  MSS SP-80, Type 3.
	b. CWP Rating:  31T200 psig31T.
	c. Body Design:  Y-Pattern Horizontal flow.
	d. Body Material:  ASTM B 62, bronze.
	e. Ends:  Threaded or Solder.
	f. Disc:  Bronze.



	2.8 IRON SWING CHECK VALVES
	A. Class 125, Iron Swing Check Valves with Metal Seats:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Model F-918-B or comparable product by one of the following:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Milwaukee Valve Company.
	c. Powell Valves.

	2. Description:
	a. Standard:  MSS SP-71, Type I.
	b. CWP Rating:  31T200 psig31T.
	c. Body Design:  Clear or full waterway.
	d. Body Material:  ASTM A 126, gray iron with bolted bonnet.
	e. Ends:  Flanged.
	f. Trim:  Bronze.
	g. Gasket:  Asbestos free.
	h. Disc: Cast Bronze.



	2.9 IRON SWING CHECK VALVES WITH CLOSURE CONTROL
	A. Class 125, Iron Swing Check Valves with Lever- and Spring-Closure Control:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Model F-918-B-L&S or comparable product by one of the following:
	a. NIBCO INC.
	b. Powell Valves
	c. Milwaukee Valve Company.

	2. Description:
	a. Standard:  MSS SP-71, Type I.
	b. CWP Rating:  31T200 psig31T.
	c. Body Design:  Clear or full waterway.
	d. Body Material:  ASTM A 126, gray iron with bolted bonnet.
	e. Ends:  Flanged.
	f. Trim:  Bronze.
	g. Gasket:  Asbestos free.
	h. Closure Control:  Factory-installed, exterior lever and spring.



	2.10 BRONZE GATE VALVES
	A. Class 125, NRS Bronze Gate Valves:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Model S-113 or T-113 or comparable product by one of the following:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Milwaukee Valve Company.
	c. Powell Valves.

	2. Description:
	a. Standard:  MSS SP-80, Type 1.
	b. CWP Rating:  31T200 psig31T.
	c. Body Material:  ASTM B 62, bronze with integral seat and screw-in bonnet.
	d. Ends:  Threaded or solder joint.
	e. Stem:  Copper-Silicon Bronze.
	f. Disc:  Solid wedge; bronze.
	g. Packing:  Asbestos free.
	h. Handwheel:  Malleable iron, bronze.



	2.11 IRON GATE VALVES
	A. Class 125, OS&Y, Iron Gate Valves:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Model F-617-0 or comparable product by one of the following:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Milwaukee Valve Company.
	c. Powell Valves.

	2. Description:
	a. Standard:  MSS SP-70, Type I.
	b. CWP Rating:  31T200 psig31T.
	c. Body Material:  ASTM A 126, gray iron with bolted bonnet.
	d. Ends:  Flanged.
	e. Trim:  Bronze.
	f. Disc:  Solid wedge.
	g. Packing and Gasket:  Asbestos free.



	2.12 BRONZE GLOBE VALVES
	A. Class 125, Bronze Globe Valves with Bronze Disc:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Model S-211-B or T-211-B or comparable product by one of the following:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Milwaukee Valve Company.
	c. Powell Valves.

	2. Description:
	a. Standard:  MSS SP-80, Type 1.
	b. CWP Rating:  31T200 psig31T.
	c. Body Material:  ASTM B 62, bronze with integral seat and screw-in bonnet.
	d. Ends:  Threaded or solder joint.
	e. Stem and Disc:  Copper-Silicon.
	f. Packing:  Asbestos free.
	g. Handwheel:  Malleable iron, bronze.



	2.13 IRON GLOBE VALVES
	A. Class 125, Iron Globe Valves:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide Nibco Model F-718-b or comparable product by one of the following:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Milwaukee Valve Company.
	c. Powell Valves.

	2. Description:
	a. Standard:  MSS SP-85, Type I.
	b. CWP Rating:  31T200 psig31T.
	c. Body Material:  ASTM A 126, gray iron with bolted bonnet.
	d. Ends:  Flanged.
	e. Trim:  Bronze.
	f. Packing and Gasket:  Asbestos free.



	2.14 CHAINWHEELS
	A. Manufacturers:  Subject to compliance with requirements,  available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Babbitt Steam Specialty Co.
	2. Roto Hammer Industries.
	3. Trumbull Industries.

	B. Description:  Valve actuation assembly with sprocket rim, brackets, and chain.
	1. Brackets:  Type, number, size, and fasteners required to mount actuator on valve.
	2. Sprocket Rim with Chain Guides:  Ductile iron, of type and size required for valve.  Include zinc coating.
	3. Chain:  Hot-dip, galvanized steel, of size required to fit sprocket rim.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed.  Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Examine mating flange faces for conditions that might cause leakage.  Check bolting for proper size, length, and material.  Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defect...
	E. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install chainwheels on operators for   gate    valves 31TNPS 431T  and larger and more than 31T96 inches31T  above floor.  Extend chains to 31T60 inches31T  above finished floor.
	F. Install check valves for proper direction of flow and as follows:
	1. Swing Check Valves:  In horizontal position with hinge pin level.
	2. Lift Check Valves:  With stem upright and plumb.


	3.3 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing.  Replace valves if persistent leaking occurs.

	3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valve applications are not indicated, use the following:
	1. Shutoff Service:  Ball, butterfly, or gate valves.
	2. Butterfly Valve Dead-End Service:  Single-flange (lug) type.
	3. Throttling Service:   Globe or angle valves.
	4. Pump-Discharge Check Valves:
	a. 31TNPS 231T and Smaller:  Bronze swing check valves with bronze   disc.
	b. 31TNPS 2-1/231T and Larger for Domestic Water:  Iron swing check valves with lever and weight or with spring, metal -seat check valves.
	c. 31TNPS 2-1/231T and Larger for Sanitary Waste and Storm Drainage:  Iron swing check valves with lever and weight or spring.


	B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves with higher SWP classes or CWP ratings may be substituted.
	C. Select valves, except wafer types, with the following end connections:
	1. For Copper Tubing, 31TNPS 231T and Smaller:  Threaded ends except where solder-joint valve-end option is indicated in valve schedules below.
	2. For Copper Tubing, 31TNPS 2-1/2 to NPS 431T:  Flanged ends except where threaded valve-end option is indicated in valve schedules below.
	3. For Copper Tubing, 31TNPS 531T and Larger:  Flanged ends.
	4. For Steel Piping, 31TNPS 231T and Smaller:  Threaded ends.
	5. For Steel Piping, 31TNPS 2-1/2 to NPS 431T:  Flanged ends except where threaded valve-end option is indicated in valve schedules below.
	6. For Steel Piping, 31TNPS 531T and Larger:  Flanged ends.


	3.5 LOW-PRESSURE, COMPRESSED-AIR VALVE SCHEDULE (31T150 PSIG31T OR LESS)
	A. Pipe 31TNPS 231T and Smaller:
	1. Bronze and Brass Valves:  May be provided with solder-joint ends instead of threaded ends.
	2. Ball Valves:   Two piece, full   port,   bronze with  bronze  trim.
	3. Bronze Lift Check Valves:  Class 125, nonmetallic disc.

	B. Pipe 31TNPS 2-1/231T and Larger:
	1. Iron Valves, 31TNPS 2-1/2 to NPS 431T:  May be provided with threaded ends instead of flanged ends.
	2. Iron, Single-Flange Butterfly Valves:  200 CWP, Buna-N seat, aluminum-bronze   disc.
	3. Iron Swing Check Valves:  Class 125, metal seats.


	3.6 HIGH-PRESSURE, COMPRESSED-AIR VALVE SCHEDULE (31TNot used)31T)
	3.7 DOMESTIC, HOT- AND COLD-WATER VALVE SCHEDULE
	A. Pipe 31TNPS 231T and Smaller:
	1. Bronze Valves:  May be provided with solder-joint ends instead of threaded ends.
	2. Bronze Angle Valves:  Class 125, nonmetallic disc.
	3. Ball Valves:   Two piece, full   port, bronze with bronze trim.
	4. Bronze Swing Check Valves:  Class 125, bronze disc.
	5. Bronze Gate Valves:  Class 125, NRS.
	6. Bronze Globe Valves:  Class 125, bronze disc.

	B. Pipe 31TNPS 2-1/231T and Larger:
	1. Iron Valves, 31TNPS 2-1/2 to NPS 331T:  May be provided with threaded ends instead of flanged ends.
	2. Iron, Single-Flange Butterfly Valves:  200 CWP, EPDM seat, aluminum-bronze   disc.
	3. Iron Swing Check Valves:  Class 125, metal seats.
	4. Iron Swing Check Valves with Closure Control:  Class 125, lever and spring.
	5. Iron Gate Valves:  Class 125,  OS&Y.
	6. Iron Globe Valves:  Class 125.


	3.8 SANITARY-WASTE AND STORM-DRAINAGE VALVE SCHEDULE
	A. Pipe 31TNPS 231T and Smaller:
	1. Bronze Valves:  May be provided with solder-joint ends instead of threaded ends.
	2. Bronze Angle Valves:  Class 125, nonmetallic disc.
	3. Ball Valves:   Two-piece, full   port, bronze with bronze trim.
	4. Bronze Swing Check Valves:  Class 125, bronze disc.
	5. Bronze Gate Valves:  Class 125, NRS.

	B. Pipe 31TNPS 2-1/231T and Larger:
	1. Iron Valves, 31TNPS 2-1/2 to NPS 331T:  May be provided with threaded ends instead of flanged ends.
	2. Iron Swing Check Valves with Closure Control:  Class 125, lever and spring.
	3. Iron Gate Valves:  Class 125, OS&Y.




	220529-hangers and supports for plumbing piping and equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following hangers and supports for plumbing system piping and equipment:
	1. Steel pipe hangers and supports.
	2. Trapeze pipe hangers.
	3. Metal framing systems.
	4. Thermal-hanger shield inserts.
	5. Fastener systems.
	6. Pipe stands.
	7. Pipe positioning systems.
	8. Equipment supports.

	B. Related Sections include the following:
	1. Division 05 Section "Metal Fabrications" for structural-steel shapes and plates for trapeze hangers for pipe and equipment supports.
	2. Division 21 Section "Water-Based Fire-Suppression Systems" for pipe hangers for fire-suppression piping.
	3. Division 22 Section "Expansion Fittings and Loops for Plumbing Piping" for pipe guides and anchors.
	4. Division 22 Section "Vibration and Seismic Controls for Plumbing Piping and Equipment" for vibration isolation devices.


	1.3 DEFINITIONS
	A. MSS:  Manufacturers Standardization Society for The Valve and Fittings Industry Inc.
	B. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers and Supports."

	1.4 PERFORMANCE REQUIREMENTS
	A. Design supports for multiple pipes, including pipe stands, capable of supporting combined weight of supported systems, system contents, and test water.
	B. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.
	C. Design seismic-restraint hangers and supports for piping and equipment and obtain approval from authorities having jurisdiction.

	1.5 SUBMITTALS
	A. Product Data:  For the following:
	1. Steel pipe hangers and supports.
	2. Thermal-hanger shield inserts.
	3. Powder-actuated fastener systems.
	4. Pipe positioning systems.

	B. Shop Drawings: Show fabrication and installation details and include calculations for the following:
	1. Trapeze pipe hangers.  Include Product Data for components.
	2. Metal framing systems.  Include Product Data for components.
	3. Pipe stands.  Include Product Data for components.
	4. Equipment supports.

	C. Welding certificates.

	1.6 QUALITY ASSURANCE
	A. Welding:  Qualify procedures and personnel according to ASME Boiler and Pressure Vessel Code:  Section IX.
	B. Welding:  Qualify procedures and personnel according to the following:
	1. ASME Boiler and Pressure Vessel Code:  Section IX.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.


	2.2 STEEL PIPE HANGERS AND SUPPORTS
	A. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components.  Refer to Part 3 "Hanger and Support Applications" Article for where to use specific hanger and support types.
	B. Manufacturers:
	1. Carpenter & Paterson, Inc.
	2. Grinnell Corp.
	3. Tolco Inc.

	C. Galvanized, Metallic Coatings:  Pre-galvanized or hot dipped.
	D. Nonmetallic Coatings:  Plastic coating, jacket, or liner.
	E. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion for support of bearing surface of piping.

	2.3 TRAPEZE PIPE HANGERS
	A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from structural-steel shapes with MSS SP-58 hanger rods, nuts, saddles, and U-bolts.

	2.4 METAL FRAMING SYSTEMS
	A. Description:  MFMA-3, shop- or field-fabricated pipe-support assembly made of steel channels and other components.
	B. Manufacturers:
	1. Power-Strut Div.; Tyco International, Ltd.
	2. Tolco Inc.
	3. Unistrut Corp.; Tyco International, Ltd.

	C. Coatings:  Manufacturer's standard finish unless bare metal surfaces are indicated.
	D. Nonmetallic Coatings:  Plastic coating, jacket, or liner.

	2.5 THERMAL-HANGER SHIELD INSERTS
	A. Description:  100-psig- minimum, compressive-strength insulation insert encased in sheet metal shield.
	B. Manufacturers:
	1. Carpenter & Paterson, Inc.
	2. Pipe Shields, Inc.
	3. Rilco Manufacturing Company, Inc.

	C. Insulation-Insert Material for Cold Piping:  Water-repellent treated, ASTM C 533, Type I calcium silicate or ASTM C 552, Type II cellular glass with vapor barrier.
	D. Insulation-Insert Material for Hot Piping:  Water-repellent treated, ASTM C 533, Type I calcium silicate or ASTM C 552, Type II cellular glass.
	E. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference of pipe.
	F. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe.
	G. Insert Length:  Extend 2 inches beyond sheet metal shield for piping operating below ambient air temperature.

	2.6 FASTENER SYSTEMS
	A. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement concrete with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
	1. Manufacturers:
	a. Hilti, Inc.
	b. ITW Ramset/Red Head.
	c. Powers Fasteners.


	B. Mechanical-Expansion Anchors:  Insert-wedge-type zinc-coated steel, for use in hardened Portland cement concrete with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
	1. Manufacturers:
	a. Hilti, Inc.
	b. ITW Ramset/Red Head.
	c. Powers Fasteners.



	2.7 PIPE STAND FABRICATION
	A. Pipe Stands, General:  Shop or field-fabricated assemblies made of manufactured corrosion-resistant components to support roof-mounted piping.
	B. Low-Type, Single-Pipe Stand:  One-piece stainless-steel base unit with plastic roller, for roof installation without membrane penetration.
	1. Manufacturers:
	a. MIRO Industries.


	C. High-Type, Single-Pipe Stand:  Assembly of base, vertical and horizontal members, and pipe support, for roof installation without membrane penetration.
	1. Manufacturers:
	a. ERICO/Michigan Hanger Co.
	b. MIRO Industries.
	c. Portable Pipe Hangers.

	2. Base:  Stainless steel.
	3. Vertical Members:  Two or more cadmium-plated-steel or stainless-steel, continuous-thread rods.
	4. Horizontal Member:  Cadmium-plated-steel or stainless-steel rod with plastic or stainless-steel, roller-type pipe support.

	D. High-Type, Multiple-Pipe Stand:  Assembly of bases, vertical and horizontal members, and pipe supports, for roof installation without membrane penetration.
	1. Manufacturers:
	a. Portable Pipe Hangers.

	2. Bases:  One or more plastic.
	3. Vertical Members:  Two or more protective-coated-steel channels.
	4. Horizontal Member:  Protective-coated-steel channel.
	5. Pipe Supports:  Galvanized-steel, clevis-type pipe hangers.

	E. Curb-Mounting-Type Pipe Stands:  Shop- or field-fabricated pipe support made from structural-steel shape, continuous-thread rods, and rollers for mounting on permanent stationary roof curb.

	2.8 PIPE POSITIONING SYSTEMS
	A. Description:  IAPMO PS 42, system of metal brackets, clips, and straps for positioning piping in pipe spaces for plumbing fixtures for commercial applications.
	B. Manufacturers:
	1. C & S Mfg. Corp.
	2. HOLDRITE Corp.; Hubbard Enterprises.
	3. Samco Stamping, Inc.


	2.9 EQUIPMENT SUPPORTS
	A. Description:  Welded, shop- or field-fabricated equipment support made from structural-steel shapes.

	2.10 MISCELLANEOUS MATERIALS
	A. Structural Steel:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and nonmetallic grout; suitable for interior and exterior applications.
	1. Properties:  Non-staining, noncorrosive, and nongaseous.
	2. Design Mix:  5000-psi, 28-day compressive strength.



	PART 3 -  EXECUTION
	3.1 HANGER AND SUPPORT APPLICATIONS
	A. Specific hanger and support requirements are specified in Sections specifying piping systems and equipment.
	B. Comply with MSS SP-69 for pipe hanger selections and applications that are not specified in piping system Sections.
	C. Use hangers and supports with galvanized, metallic coatings for piping and equipment that will not have field-applied finish.
	D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct contact with copper tubing.
	E. Use padded hangers for piping that is subject to scratching.
	F. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Adjustable, Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or insulated stationary pipes, NPS 1/2 to NPS 30.
	2. Single Pipe Rolls (MSS Type 41):  For suspension of pipes, NPS 1 to NPS 30, from 2 rods if longitudinal movement caused by expansion and contraction might occur.
	3. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes, NPS 2-1/2 to NPS 20, from single rod if horizontal movement caused by expansion and contraction might occur.
	4. Adjustable Pipe Roll and Base Units (MSS Type 46):  For support of pipes, NPS 2 to NPS 30, if vertical and lateral adjustment during installation might be required in addition to expansion and contraction.

	G. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers, NPS 3/4 to NPS 20, if longer ends are required for riser clamps.

	H. Building Attachments:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Steel or Malleable Concrete Inserts (MSS Type 18):  For upper attachment to suspend pipe hangers from concrete ceiling.
	2. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-joist construction to attach to top flange of structural shape.
	3. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange of beams, channels, or angles.
	4. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams.
	5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads are considerable and rod sizes are large.
	6. C-Clamps (MSS Type 23):  For structural shapes.
	7. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to flange edge.
	8. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams.
	9. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to bottom of steel I-beams for heavy loads.
	10. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching to bottom of steel I-beams for heavy loads, with link extensions.
	11. Malleable Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to structural steel.
	12. Welded-Steel Brackets:  For support of pipes from below, or for suspending from above by using clip and rod.  Use one of the following for indicated loads:
	a. Light (MSS Type 31):  750 lb.
	b. Medium (MSS Type 32):  1500 lb.
	c. Heavy (MSS Type 33):  3000 lb.

	13. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams.
	14. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required.
	15. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to linear horizontal movement where headroom is limited.

	I. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Steel Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with insulation that matches adjoining insulation.
	2. Protection Shields (MSS Type 40):  Of length recommended in writing by manufacturer to prevent crushing insulation.
	3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe.

	J. Comply with MSS SP-69 for trapeze pipe hanger selections and applications that are not specified in piping system Sections.
	K. Comply with MFMA-102 for metal framing system selections and applications that are not specified in piping system Sections.
	L. Use powder-actuated fasteners mechanical-expansion anchors instead of building attachments where required in concrete construction.
	M. Use pipe positioning systems in pipe spaces behind plumbing fixtures to support supply and waste piping for plumbing fixtures.

	3.2 HANGER AND SUPPORT INSTALLATION
	A. Steel Pipe Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, supports, clamps, and attachments as required to properly support piping from building structure.
	B. Trapeze Pipe Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Arrange for grouping of parallel runs of horizontal piping and support together on field-fabricated trapeze pipe hangers.
	1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or install intermediate supports for smaller diameter pipes as specified above for individual pipe hangers.
	2. Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being supported.  Weld steel according to AWS D1.1.

	C. Metal Framing System Installation:  Arrange for grouping of parallel runs of piping and support together on field-assembled metal framing systems.
	D. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for insulated piping.
	E. Fastener System Installation:
	1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less than 4 inches thick in concrete after concrete is placed and completely cured.  Use operators that are licensed by powder-actuated tool manufacturer.  Install ...
	2. Install mechanical-expansion anchors in concrete after concrete is placed and completely cured.  Install fasteners according to manufacturer's written instructions.

	F. Pipe Stand Installation:
	1. Pipe Stand Types except Curb-Mounting Type:  Assemble components and mount on smooth roof surface.  Do not penetrate roof membrane.
	2. Curb-Mounting-Type Pipe Stands:  Assemble components or fabricate pipe stand and mount on permanent, stationary roof curb.  Refer to Division 07 Section "Roof Accessories" for curbs.

	G. Pipe Positioning System Installation:  Install support devices to make rigid supply and waste piping connections to each plumbing fixture.  Refer to Division 22 Section "Plumbing Fixtures" for plumbing fixtures.
	H. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and other accessories.
	I. Equipment Support Installation:  Fabricate from welded-structural-steel shapes.
	J. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.
	K. Install lateral bracing with pipe hangers and supports to prevent swaying.
	L. Install building attachments within concrete slabs or attach to structural steel.  Install additional attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger and at changes in direction of piping.  Install ...
	M. Load Distribution:  Install hangers and supports so piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	N. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so maximum pipe deflections allowed by ASME B31.9 (for building services piping) are not exceeded.
	O. Insulated Piping:  Comply with the following:
	1. Attach clamps and spacers to piping.
	a. Piping Operating above Ambient Air Temperature:  Clamp may project through insulation.
	b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger shield insert with clamp sized to match OD of insert.
	c. Do not exceed pipe stress limits according to ASME B31.9 for building services piping.

	2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is indicated.  Fill interior voids with insulation that matches adjoining insulation.
	a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

	3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier.  Shields shall span an arc of 180 degrees.
	a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

	4. Shield Dimensions for Pipe:  Not less than the following:
	a. NPS 1/4 to NPS 3-1/2:  12 inches long and 0.048 inch thick.
	b. NPS 4:  12 inches long and 0.06 inch thick.
	c. NPS 5 and NPS 6:  18 inches long and 0.06 inch thick.
	d. NPS 8 to NPS 14:  24 inches long and 0.075 inch thick.
	e. NPS 16 to NPS 24:  24 inches long and 0.105 inch thick.

	5. Pipes NPS 8 and Larger:  Include wood inserts.
	6. Insert Material:  Length at least as long as protective shield.
	7. Thermal-Hanger Shields:  Install with insulation same thickness as piping insulation.


	3.3 EQUIPMENT SUPPORTS
	A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support equipment above floor.
	B. Grouting:  Place grout under supports for equipment and make smooth bearing surface.
	C. Provide lateral bracing, to prevent swaying, for equipment supports.

	3.4 METAL FABRICATIONS
	A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangersequipment supports.
	B. Fit exposed connections together to form hairline joints.  Field weld connections that cannot be shop welded because of shipping size limitations.
	C. Field Welding:  Comply with AWS D1.1 procedures for shielded metal arc welding, appearance and quality of welds, and methods used in correcting welding work, and with the following:
	1. Use materials and methods that minimize distortion and develop strength and corrosion resistance of base metals.
	2. Obtain fusion without undercut or overlap.
	3. Remove welding flux immediately.
	4. Finish welds at exposed connections so no roughness shows after finishing and contours of welded surfaces match adjacent contours.


	3.5 ADJUSTING
	A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.
	B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches .

	3.6 PAINTING
	A. Touch Up:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after erecting hangers and supports.  Use same materials as used for   shop painting.  Comply with SSPC-PA 1 requirements for touching up field-painted s...
	1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils.

	B. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.



	220553-identification for plumbing piping and equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Equipment labels.
	2. Warning signs and labels.
	3. Pipe labels.
	4. Stencils.
	5. Valve tags.
	6. Warning tags.


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the proposed content for each label.
	C. Valve numbering scheme.
	D. Valve Schedules:  For each piping system to include in maintenance manuals.

	1.4 COORDINATION
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Coordinate installation of identifying devices with locations of access panels and doors.
	C. Install identifying devices before installing acoustical ceilings and similar concealment.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Metal Labels for Equipment:
	1. Material and Thickness:  Brass, 0.032-inch minimum thickness, and having predrilled or stamped holes for attachment hardware.
	2. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	3. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances.  Include secondary lettering two-thirds...
	4. Fasteners:  Stainless-steel rivets or self-tapping screws.
	5. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate.

	B. Label Content:  Include equipment's Drawing designation or unique equipment number, drawing numbers where equipment is indicated (plans, details, and schedules), plus the Specification Section number and title where equipment is specified.
	C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-inch bond paper.  Tabulate equipment identification number and identify Drawing numbers where equipment is indicated (plans, details, and schedules), plus the Speci...

	2.2 WARNING SIGNS AND LABELS
	A. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.
	B. Letter Color:  Black.
	C. Background Color:  White.
	D. Maximum Temperature:  Able to withstand temperatures up to 160 deg F.
	E. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances.  Include secondary lettering two-thirds...
	G. Fasteners:  Stainless-steel rivets or self-tapping screws.
	H. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate.
	I. Label Content:  Include caution and warning information, plus emergency notification instructions.

	2.3 PIPE LABELS
	A. General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, with lettering indicating service, and showing flow direction.
	B. Pretensioned Pipe Labels:  Precoiled, semirigid plastic formed to cover full circumference of pipe and to attach to pipe without fasteners or adhesive.
	C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-adhesive backing.
	D. Pipe Label Contents:  Include identification of piping service using same designations or abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.
	1. Flow-Direction Arrows:  Integral with piping system service lettering to accommodate both directions, or as separate unit on each pipe label to indicate flow direction.
	2. Lettering Size:  At least 1-1/2 inches high.


	2.4 VALVE TAGS
	A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-inch numbers.
	1. Tag Material:  Brass, 0.032-inch minimum thickness, and having predrilled or stamped holes for attachment hardware.
	2. Fasteners:  Brass wire-link or beaded chain; or S-hook.

	B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch bond paper.  Tabulate valve number, piping system, system abbreviation (as shown on valve tag), location of valve (room or space), normal-operating position (open, closed, or modulating)...
	1. Valve-tag schedule shall be included in operation and maintenance data.


	2.5 WARNING TAGS
	A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags, of plasticized card stock with matte finish suitable for writing.
	1. Size:  Approximately 4 by 7 inches.
	2. Fasteners:  Brass grommet and wire.
	3. Nomenclature:  Large-size primary caption such as "DANGER," "CAUTION," or "DO NOT OPERATE."
	4. Color:  Yellow background with black lettering.



	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surfaces of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

	3.2 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.

	3.3 PIPE LABEL INSTALLATION
	A. Piping Color-Coding:  Painting of piping is specified in Division 09 Section "Interior Painting."
	B. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior exposed locations as follows:
	1. Near each valve and control device.
	2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  Where flow pattern is not obvious, mark each pipe at branch.
	3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures.
	4. At access doors, manholes, and similar access points that permit view of concealed piping.
	5. Near major equipment items and other points of origination and termination.
	6. Spaced at maximum intervals of 50 feet along each run.  Reduce intervals to 25 feet in areas of congested piping and equipment.
	7. On piping above removable acoustical ceilings.  Omit intermediately spaced labels.

	C. Pipe Label Color Schedule: As per ANSI A13.1 and OSHA

	3.4 VALVE-TAG INSTALLATION
	A. Install tags on valves and control devices in piping systems, except check valves; valves within factory-fabricated equipment units; shutoff valves; faucets; convenience and lawn-watering hose connections; and similar roughing-in connections of end...
	B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color scheme and with captions similar to those indicated in the following subparagraphs:
	1. Valve-Tag Size and Shape:
	a. Cold Water:  1-1/2 inches, round.
	b. Hot Water:  1-1/2 inches, round.

	2. Valve-Tag Color:
	a. Cold Water:  Green.
	b. Hot Water:  Natural.

	3. Letter Color:
	a. Cold Water:  White.
	b. Hot Water:  Black.



	3.5 WARNING-TAG INSTALLATION
	A. Write required message on, and attach warning tags to, equipment and other items where required.



	220719 fl - plumbing piping insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following plumbing piping services:
	1. Domestic cold-water piping.
	2. Domestic hot-water piping.
	3. Domestic recirculating hot-water piping.
	4. Sanitary waste piping exposed to freezing conditions.
	5. Storm-water piping exposed to freezing conditions.
	6. Roof drains and rainwater leaders.
	7. Supplies and drains for handicap-accessible lavatories and sinks.

	B. Related Sections:
	1. Section 221116 "Domestic Water Piping."


	1.3 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory- and field-applied, if any).
	B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work.
	1. Detail application of protective shields, saddles, and inserts at hangers for each type of insulation and hanger.
	2. Detail insulation application at pipe expansion joints for each type of insulation.
	3. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each type of insulation.
	4. Detail removable insulation at piping specialties, equipment connections, and access panels.
	5. Detail application of field-applied jackets.

	C. Samples:  For each type of insulation and jacket indicated.  Identify each Sample, describing product and intended use.  Sample sizes are as follows:
	1. Preformed Pipe Insulation Materials:  33T12 inches33T long by 33TNPS 233T.
	2. Jacket Materials for Pipe:  33T12 inches33T long by 33TNPS 233T.
	3. Sheet Jacket Materials:  33T12 inches33T square.
	4. Manufacturer's Color Charts:  For products where color is specified, show the full range of colors available for each type of finish material.


	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data:  For qualified Installer.
	B. Material Test Reports:  From a qualified testing agency acceptable to authorities having jurisdiction indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, attachments, cements, and jackets, with req...
	C. Field quality-control reports.

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing identical products according to ASTM E 84 by a testing agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket mater...
	1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed index of 50 or less.
	2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-developed index of 150 or less.

	C. Comply with the following applicable standards and other requirements specified for miscellaneous components:
	1. Supply and Drain Protective Shielding Guards:  ICC A117.1.


	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.

	1.7 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 220529 "Hangers and Supports for Plumbing Piping and Equipment."
	B. Coordinate clearance requirements with piping Installer for piping insulation application.  Before preparing piping Shop Drawings, establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes a...

	1.8 SCHEDULING
	A. Schedule insulation application after pressure testing systems and, where required, after installing and testing heat tracing.  Insulation application may begin on segments that have satisfactory test results.
	B. Complete installation and concealment of plastic materials as rapidly as possible in each area of construction.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground Piping Insulation Schedule" articles for where insulating materials...
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	F. Cellular Glass:  Inorganic, incombustible, foamed or cellulated glass with annealed, rigid, hermetically sealed cells.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
	1. 41TProducts41T:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Pittsburgh Corning Corporation; Foamglas.

	2. Block Insulation:  ASTM C 552, Type I.
	3. Special-Shaped Insulation:  ASTM C 552, Type III.
	4. Preformed Pipe Insulation without Jacket:  Comply with ASTM C 552, Type II, Class 1.
	5. Preformed Pipe Insulation with Factory-Applied ASJ:  Comply with ASTM C 552, Type II, Class 2.
	6. Factory fabricate shapes according to ASTM C 450 and ASTM C 585.

	G. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply with ASTM C 534, Type I for tubular materials.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Aeroflex USA, Inc.; Aerocel.
	b. Armacell LLC; AP Armaflex.
	c. K-Flex USA; Insul-Lock, Insul-Tube, and K-FLEX LS.


	H. Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with ASTM C 553, Type II and ASTM C 1290, Type I.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. CertainTeed Corp.; SoftTouch Duct Wrap.
	b. Johns Manville; Microlite.
	c. Knauf Insulation; Friendly Feel Duct Wrap.
	d. Manson Insulation Inc.; Alley Wrap.
	e. Owens Corning; SOFTR All-Service Duct Wrap.


	I. Mineral-Fiber, Preformed Pipe Insulation:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Fibrex Insulations Inc.; Coreplus 1200.
	b. Johns Manville; Micro-Lok.
	c. Knauf Insulation; 1000-Degree Pipe Insulation.
	d. Manson Insulation Inc.; Alley-K.
	e. Owens Corning; Fiberglas Pipe Insulation.

	2. Type I, 33T850 Deg F33T Materials:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.


	2.2 INSULATING CEMENTS
	A. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Ramco Insulation, Inc.; Super-Stik.


	B. Expanded or Exfoliated Vermiculite Insulating Cement:  Comply with ASTM C 196.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Ramco Insulation, Inc.; Thermokote V.


	C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with ASTM C 449.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote.



	2.3 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated, unless otherwise indicated.
	B. Cellular-Glass Adhesive:  Two-component, thermosetting urethane adhesive containing no flammable solvents, with a service temperature range of 33Tminus 100 to plus 200 deg F33T.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 81-84.

	2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

	C. Flexible Elastomeric Adhesive:  Comply with MIL-A-24179A, Type II, Class I.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Aeroflex USA, Inc.; Aeroseal.
	b. Armacell LLC; Armaflex 520 Adhesive.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-75.
	d. K-Flex USA; R-373 Contact Adhesive.

	2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

	D. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-127.
	b. Eagle Bridges - Marathon Industries; 225.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-60/85-70.
	d. Mon-Eco Industries, Inc.; 22-25.

	2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

	E. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-82.
	b. Eagle Bridges - Marathon Industries; 225.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-20.
	d. Mon-Eco Industries, Inc.; 22-25.

	2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

	F. PVC Jacket Adhesive:  Compatible with PVC jacket.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Dow Corning Corporation; 739, Dow Silicone.
	b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive.
	c. P.I.C. Plastics, Inc.; Welding Adhesive.
	d. Speedline Corporation; Polyco VP Adhesive.

	2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).


	2.4 SEALANTS
	A. Joint Sealants:
	1. Joint Sealants for Cellular-Glass and Phenolic Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-76.
	b. Eagle Bridges - Marathon Industries; 405.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-45.
	d. Mon-Eco Industries, Inc.; 44-05.
	e. Pittsburgh Corning Corporation; Pittseal 444.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Permanently flexible, elastomeric sealant.
	4. Service Temperature Range:  33TMinus 100 to plus 300 deg F33T.
	5. Color:  White or gray.
	6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

	B. FSK and Metal Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-76.
	b. Eagle Bridges - Marathon Industries; 405.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 95-44.
	d. Mon-Eco Industries, Inc.; 44-05.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  33TMinus 40 to plus 250 deg F33T.
	5. Color:  Aluminum.
	6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

	C. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-76.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  33TMinus 40 to plus 250 deg F33T.
	5. Color:  White.
	6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).


	2.5 FACTORY-APPLIED JACKETS
	A. Insulation system schedules indicate factory-applied jackets on various applications.  When factory-applied jackets are indicated, comply with the following:
	1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; complying with ASTM C 1136, Type I.
	2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a removable protective strip; complying with ASTM C 1136, Type I.
	3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with ASTM C 1136, Type II.


	2.6 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.  Thickness is indicated in field-applied jacket schedules.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Johns Manville; Zeston.
	b. P.I.C. Plastics, Inc.; FG Series.
	c. Proto Corporation; LoSmoke.
	d. Speedline Corporation; SmokeSafe.

	2. Adhesive:  As recommended by jacket material manufacturer.
	3. Color:  White.
	4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.
	a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and supply covers for lavatories.


	C. Metal Jacket:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; Metal Jacketing Systems.
	b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing.
	c. RPR Products, Inc.; Insul-Mate.

	2. Aluminum Jacket:  Comply with 33TASTM B 20933T, Alloy 3003, 3005, 3105, or 5005, Temper H-14.
	a. Sheet and roll stock ready for shop or field sizing.
	b. Finish and thickness are indicated in field-applied jacket schedules.
	c. Moisture Barrier for Indoor Applications:  33T1-mil-33T thick, heat-bonded polyethylene and kraft paper.
	d. Factory-Fabricated Fitting Covers:
	1) Same material, finish, and thickness as jacket.
	2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius elbows.
	3) Tee covers.
	4) Flange and union covers.
	5) End caps.
	6) Beveled collars.
	7) Valve covers.
	8) Field fabricate fitting covers only if factory-fabricated fitting covers are not available.



	D. Underground Direct-Buried Jacket:  33T125-mil-33T thick vapor barrier and waterproofing membrane consisting of a rubberized bituminous resin reinforced with a woven-glass fiber or polyester scrim and laminated aluminum foil.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Pittsburgh Corning Corporation; Pittwrap.
	b. Polyguard Products, Inc.; Insulrap No Torch 125.



	2.7 TAPES
	A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C 1136.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. ABI, Ideal Tape Division; 428 AWF ASJ.
	b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836.
	c. Compac Corporation; 104 and 105.
	d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.

	2. Width:  33T3 inches33T.
	3. Thickness:  33T11.5 mils33T.
	4. Adhesion:  33T90 ounces force/inch33T in width.
	5. Elongation:  2 percent.
	6. Tensile Strength:  33T40 lbf/inch33T in width.
	7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape.

	B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. ABI, Ideal Tape Division; 491 AWF FSK.
	b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
	c. Compac Corporation; 110 and 111.
	d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ.

	2. Width:  33T3 inches33T.
	3. Thickness:  33T6.5 mils33T.
	4. Adhesion:  33T90 ounces force/inch33T in width.
	5. Elongation:  2 percent.
	6. Tensile Strength:  33T40 lbf/inch33T in width.
	7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape.

	C. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; suitable for indoor and outdoor applications.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. ABI, Ideal Tape Division; 370 White PVC tape.
	b. Compac Corporation; 130.
	c. Venture Tape; 1506 CW NS.

	2. Width:  33T2 inches33T.
	3. Thickness:  33T6 mils33T.
	4. Adhesion:  33T64 ounces force/inch33T in width.
	5. Elongation:  500 percent.
	6. Tensile Strength:  33T18 lbf/inch33T in width.

	D. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. ABI, Ideal Tape Division; 488 AWF.
	b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800.
	c. Compac Corporation; 120.
	d. Venture Tape; 3520 CW.

	2. Width:  33T2 inches33T.
	3. Thickness:  33T3.7 mils33T.
	4. Adhesion:  33T100 ounces force/inch33T in width.
	5. Elongation:  5 percent.
	6. Tensile Strength:  33T34 lbf/inch33T in width.


	2.8 SECUREMENTS
	A. Bands:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. ITW Insulation Systems; Gerrard Strapping and Seals.
	b. RPR Products, Inc.; Insul-Mate Strapping and Seals.

	2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 33T0.015 inch33T thick, 33T1/2 inch33T wide with wing seal or closed seal.
	3. Aluminum:  33TASTM B 20933T, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 33T0.020 inch33T  thick, 33T1/2 inch33T wide with wing seal or closed seal.

	B. Staples:  Outward-clinching insulation staples, nominal 33T3/4-inch-33T wide, stainless steel or Monel.

	2.9 PROTECTIVE SHIELDING GUARDS
	A. Protective Shielding Pipe Covers:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Insul-Tect Products Co.; a subsidiary of MVG Molded Products.
	b. McGuire Manufacturing.
	c. Truebro; a brand of IPS Corporation.
	d. Zurn Industries, LLC; Tubular Brass Plumbing Products Operation.

	2. Description:  Manufactured plastic wraps for covering plumbing fixture hot- and cold-water supplies and trap and drain piping.  Comply with Americans with Disabilities Act (ADA) requirements.

	B. Protective Shielding Piping Enclosures:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Truebro; a brand of IPS Corporation.
	b. Zurn Industries, LLC; Tubular Brass Plumbing Products Operation.

	2. Description:  Manufactured plastic enclosure for covering plumbing fixture hot- and cold-water supplies and trap and drain piping.  Comply with ADA requirements.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	1. Verify that systems to be insulated have been tested and are free of defects.
	2. Verify that surfaces to be insulated are clean and dry.

	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect insulation application.
	B. Coordinate insulation installation with the trade installing heat tracing.  Comply with requirements for heat tracing that apply to insulation.
	C. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless-steel surfaces, use demineralized water.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of piping including fittings, valves, and specialties.
	B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of pipe system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service.  Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
	G. Keep insulation materials dry during application and finishing.
	H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by insulation material manufacturer.
	I. Install insulation with least number of joints practical.
	J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	K. Install insulation with factory-applied jackets as follows:
	1. Draw jacket tight and smooth.
	2. Cover circumferential joints with 33T3-inch-33T wide strips, of same material as insulation jacket.  Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 33T4 inches33T o.c.
	3. Overlap jacket longitudinal seams at least 33T1-1/2 inches33T.  Install insulation with longitudinal seams at bottom of pipe.  Clean and dry surface to receive self-sealing lap.  Staple laps with outward clinching staples along edge at 33T4 inches3...
	a. For below-ambient services, apply vapor-barrier mastic over staples.

	4. Cover joints and seams with tape, according to insulation material manufacturer's written instructions, to maintain vapor seal.
	5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at ends adjacent to pipe flanges and fittings.

	L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	M. Finish installation with systems at operating conditions.  Repair joint separations and cracking due to thermal movement.
	N. Repair damaged insulation facings by applying same facing material over damaged areas.  Extend patches at least 33T4 inches33T beyond damaged areas.  Adhere, staple, and seal patches similar to butt joints.
	O. For above-ambient services, do not install insulation to the following:
	1. Vibration-control devices.
	2. Testing agency labels and stamps.
	3. Nameplates and data plates.
	4. Cleanouts.


	3.4 PENETRATIONS
	A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof penetrations.
	1. Seal penetrations with flashing sealant.
	2. For applications requiring only indoor insulation, terminate insulation above roof surface and seal with joint sealant.  For applications requiring indoor and outdoor insulation, install insulation for outdoor applications tightly joined to indoor ...
	3. Extend jacket of outdoor insulation outside roof flashing at least 33T2 inches33T below top of roof flashing.
	4. Seal jacket to roof flashing with flashing sealant.

	B. Insulation Installation at Underground Exterior Wall Penetrations:  Terminate insulation flush with sleeve seal.  Seal terminations with flashing sealant.
	C. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation continuously through wall penetrations.
	1. Seal penetrations with flashing sealant.
	2. For applications requiring only indoor insulation, terminate insulation inside wall surface and seal with joint sealant.  For applications requiring indoor and outdoor insulation, install insulation for outdoor applications tightly joined to indoor...
	3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least 33T2 inches33T.
	4. Seal jacket to wall flashing with flashing sealant.

	D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  Install insulation continuously through walls and partitions.
	E. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation continuously through penetrations of fire-rated walls and partitions.
	1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping and fire-resistive joint sealers.

	F. Insulation Installation at Floor Penetrations:
	1. Pipe:  Install insulation continuously through floor penetrations.
	2. Seal penetrations through fire-rated assemblies.  Comply with requirements in Section 078413 "Penetration Firestopping."


	3.5 GENERAL PIPE INSULATION INSTALLATION
	A. Requirements in this article generally apply to all insulation materials except where more specific requirements are specified in various pipe insulation material installation articles.
	B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:
	1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with continuous thermal and vapor-retarder integrity unless otherwise indicated.
	2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from same material and density as adjacent pipe insulation.  Each piece shall be butted tightly against adjoining piece and bonded with adhesive.  Fill joints, seams, ...
	3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same material and thickness as used for adjacent pipe.  Cut sectional pipe insulation to fit.  Butt each section closely to the next and hold in place with tie ...
	4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or o...
	5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of same material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, o...
	6. Insulate flanges and unions using a section of oversized preformed pipe insulation.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or one pipe diameter, whichever is thicker.
	7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a mastic.  Install vapor-barrier mastic for below-ambient services and a breather mastic for above-ambient services.  Reinforce the mastic with fabric-reinforcing mes...
	8. For services not specified to receive a field-applied jacket except for flexible elastomeric, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and unions.  Terminate ends with PVC end caps.  Tape PVC covers to adjoining insul...
	9. Stencil or label the outside insulation jacket of each union with the word "union."  Match size and color of pipe labels.

	C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test connections, flow meters, sensors, switches, and transmitters on insulated pipes.  Shape insulation at these connections by tapering it to and around ...

	3.6 INSTALLATION OF CELLULAR-GLASS INSULATION
	A. Insulation Installation on Straight Pipes and Tubes:
	1. Secure each layer of insulation to pipe with wire or bands and tighten bands without deforming insulation materials.
	2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions with vapor-barrier mastic and joint sealant.
	3. For insulation with factory-applied jackets on above-ambient services, secure laps with outward clinched staples at 33T6 inches33T o.c.
	4. For insulation with factory-applied jackets on below-ambient services, do not staple longitudinal tabs.  Instead, secure tabs with additional adhesive as recommended by insulation material manufacturer and seal with vapor-barrier mastic and flashin...

	B. Insulation Installation on Pipe Flanges:
	1. Install preformed pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of cellular-glass block insulation of same thickness as pipe insulation.
	4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least 33T1 inch33T, and seal joints with flashing sealant.

	C. Insulation Installation on Pipe Fittings and Elbows:
	1. Install preformed sections of same material as straight segments of pipe insulation when available.  Secure according to manufacturer's written instructions.
	2. When preformed sections of insulation are not available, install mitered sections of cellular-glass insulation.  Secure insulation materials with wire or bands.

	D. Insulation Installation on Valves and Pipe Specialties:
	1. Install preformed sections of cellular-glass insulation to valve body.
	2. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
	3. Install insulation to flanges as specified for flange insulation application.


	3.7 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION
	A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.
	B. Insulation Installation on Pipe Flanges:
	1. Install pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of sheet insulation of same thickness as pipe insulation.
	4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

	C. Insulation Installation on Pipe Fittings and Elbows:
	1. Install mitered sections of pipe insulation.
	2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

	D. Insulation Installation on Valves and Pipe Specialties:
	1. Install preformed valve covers manufactured of same material as pipe insulation when available.
	2. When preformed valve covers are not available, install cut sections of pipe and sheet insulation to valve body.  Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
	3. Install insulation to flanges as specified for flange insulation application.
	4. Secure insulation to valves and specialties and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.


	3.8 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Insulation Installation on Straight Pipes and Tubes:
	1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten bands without deforming insulation materials.
	2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions with vapor-barrier mastic and joint sealant.
	3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with outward clinched staples at 33T6 inches33T o.c.
	4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple longitudinal tabs.  Instead, secure tabs with additional adhesive as recommended by insulation material manufacturer and seal with vapor-barrier mastic and flashin...

	B. Insulation Installation on Pipe Flanges:
	1. Install preformed pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with mineral-fiber blanket insulation.
	4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least 33T1 inch33T, and seal joints with flashing sealant.

	C. Insulation Installation on Pipe Fittings and Elbows:
	1. Install preformed sections of same material as straight segments of pipe insulation when available.
	2. When preformed insulation elbows and fittings are not available, install mitered sections of pipe insulation, to a thickness equal to adjoining pipe insulation.  Secure insulation materials with wire or bands.

	D. Insulation Installation on Valves and Pipe Specialties:
	1. Install preformed sections of same material as straight segments of pipe insulation when available.
	2. When preformed sections are not available, install mitered sections of pipe insulation to valve body.
	3. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
	4. Install insulation to flanges as specified for flange insulation application.


	3.9 FIELD-APPLIED JACKET INSTALLATION
	A. Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with factory-applied jackets.
	1. Draw jacket smooth and tight to surface with 33T2-inch33T overlap at seams and joints.
	2. Embed glass cloth between two 33T0.062-inch-33T thick coats of lagging adhesive.
	3. Completely encapsulate insulation with coating, leaving no exposed insulation.

	B. Where FSK jackets are indicated, install as follows:
	1. Draw jacket material smooth and tight.
	2. Install lap or joint strips with same material as jacket.
	3. Secure jacket to insulation with manufacturer's recommended adhesive.
	4. Install jacket with 33T1-1/2-inch33T laps at longitudinal seams and 33T3-inch-33T wide joint strips at end joints.
	5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation with vapor-barrier mastic.

	C. Where PVC jackets are indicated, install with 33T1-inch33T overlap at longitudinal seams and end joints.  Seal with manufacturer's recommended adhesive.
	1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the finish bead along seam and joint edge.

	D. Where metal jackets are indicated, install with 33T2-inch33T overlap at longitudinal seams and end joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof sealant recommended by insulation manufacturer.  Secur...

	3.10 FINISHES
	A. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual inspection of the completed Work.
	B. Do not field paint aluminum or stainless-steel jackets.

	3.11 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Perform tests and inspections.
	C. Tests and Inspections:
	1. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by removing field-applied jacket and insulation in layers in reverse order of their installation.  Extent of inspection shall be limited to three locations of straight p...

	D. All insulation applications will be considered defective Work if sample inspection reveals noncompliance with requirements.

	3.12 PIPING INSULATION SCHEDULE, GENERAL
	A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range.  If more than one material is listed for a piping system, selection from materials listed is Contractor's option.
	B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the following:
	1. Drainage piping located in crawl spaces.
	2. Underground piping.
	3. Chrome-plated pipes and fittings unless there is a potential for personnel injury.


	3.13 PIPING INSULATION SCHEDULE
	A. Domestic Cold Water:
	1. 33TNPS 1-1/233T and Smaller:  Insulation shall be one of the following:
	a. Cellular Glass:  33T1 inch33T thick.
	b. Flexible Elastomeric:  33T1 inch33T thick.
	c. Mineral-Fiber, Preformed Pipe Insulation, Type I:  33T1 inch33T thick.


	B. Domestic Hot and Recirculated Hot Water:
	1. 33TNPS 1-1/233T and Smaller:  Insulation shall be one of the following: (T < 140P○ PF)
	a. Cellular Glass:  33T1-1/2” inch33T thick.
	b. Flexible Elastomeric:  33T1-1/2” inch33T thick.
	c. Mineral-Fiber, Preformed Pipe Insulation, Type I:  33T1-1/2” inch33T thick.


	C. Roof Drain Bodies and storm risers and horizontal offsets inside building:
	1. All Pipe Sizes:  Insulation shall be one of the following:
	a. Cellular Glass:  33T1 inch33T thick.
	b. Flexible Elastomeric:  33T1 inch33T thick.
	c. Mineral-Fiber, Preformed Pipe Insulation, Type I:  33T1 inch33T thick.


	D. All Sanitary waste and storm piping in garages or areas not heated.:
	1. All Pipe Sizes:  Insulation shall be one of the following:
	a. Cellular Glass:  33T1 inch33T thick.
	b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  33T1 inch33T thick.



	3.14 INDOOR, FIELD-APPLIED JACKET SCHEDULE
	A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
	B. If more than one material is listed, selection from materials listed is Contractor's option.
	C. Piping, Concealed:
	1. ASJ

	D. Piping, Exposed:
	1. All exposed sanitary, waste, storm, hot water cold water, and vent piping and fittings which are exposed to view in garages, public areas, (as well as insulated piping in equipment rooms), shall be completely covered with white Zeston 2000 PVC insu...




	221116-domestic water piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Under-building slab and aboveground domestic water pipes, tubes, fittings, and specialties inside the building.
	2. Encasement for piping.
	3. Flexible connectors.
	4. Water meters.
	5. Escutcheons.
	6. Sleeves and sleeve seals.

	B. Related Section:
	1. Division 22 Section "Facility Water Distribution Piping" for water-service piping and water meters outside the building from source to the point where water-service piping enters the building.


	1.3 PERFORMANCE REQUIREMENTS
	A. Seismic Performance:  Domestic water piping and support and installation shall withstand effects of earthquake motions determined according to ASCE/SEI 7.

	1.4 SUBMITTALS
	A. Product Data:  For the following products:
	1. Transition fittings.
	2. Dielectric fittings.
	3. Flexible connectors.
	4. Water meters.
	5. Backflow preventers and vacuum breakers.
	6. Escutcheons.
	7. Sleeves and sleeve seals.

	B. Coordination Drawings:  For piping in equipment rooms and other congested areas, drawn to scale, on which the following items are shown and coordinated with each other, using input from Installers of the items involved:
	1. Fire-suppression-water piping.
	2. Domestic water piping.
	3. HVAC hydronic piping.


	1.5 QUALITY ASSURANCE
	A. Piping materials shall bear label, stamp, or other markings of specified testing agency.
	B. Comply with NSF 61 for potable domestic water piping and components.


	PART 2 -  PRODUCTS
	2.1 PIPING MATERIALS
	A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting materials, and joining methods for specific services, service locations, and pipe sizes.

	2.2 COPPER TUBE AND FITTINGS
	A. Hard Copper Tube:  ASTM B 88, Type L water tube, drawn temper.
	1. Cast-Copper Solder-Joint Fittings:  ASME B16.18, pressure fittings.
	2. Wrought-Copper Solder-Joint Fittings:  ASME B16.22, wrought-copper pressure fittings.
	3. Bronze Flanges:  ASME B16.24, Class 150, with solder-joint ends.
	4. Copper Unions:  MSS SP-123, cast-copper-alloy, hexagonal-stock body, with ball-and-socket, metal-to-metal seating surfaces, and solder-joint or threaded ends.


	2.3 DUCTILE-IRON PIPE AND FITTINGS
	A. Mechanical-Joint, Ductile-Iron Pipe:  AWWA C151, with mechanical-joint bell and plain spigot end unless grooved or flanged ends are indicated.
	1. Standard-Pattern, Mechanical-Joint Fittings:  AWWA C110, ductile or gray iron.


	2.4 PIPING JOINING MATERIALS
	A. Pipe-Flange Gasket Materials:  AWWA C110, rubber, flat face, 1/8 inch thick or ASME B16.21, nonmetallic and asbestos free, unless otherwise indicated; full-face or ring type unless otherwise indicated.
	B. Metal, Pipe-Flange Bolts and Nuts:  ASME B18.2.1, carbon steel unless otherwise indicated.
	C. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B 813.
	D. Brazing Filler Metals:  AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for general-duty brazing unless otherwise indicated.

	2.5 ENCASEMENT FOR PIPING
	A. Standard:  ASTM A 674 or AWWA C105.
	B. Form:  Sheet or Tube.
	C. Material:  LLDPE film of 0.008-inch minimum thickness or high-density, cross-laminated PE film of 0.004-inch minimum thickness.
	D. Color:  Black or Natural.

	2.6 TRANSITION FITTINGS
	A. General Requirements:
	1. Same size as pipes to be joined.
	2. Pressure rating at least equal to pipes to be joined.
	3. End connections compatible with pipes to be joined.

	B. Fitting-Type Transition Couplings:  Manufactured piping coupling or specified piping system fitting.
	C. Sleeve-Type Transition Coupling:  AWWA C219.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Cascade Waterworks Manufacturing.
	b. Dresser, Inc.; Dresser Piping Specialties.
	c. Viking Johnson; c/o Mueller Co.


	D. Plastic-to-Metal Transition Fittings:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Charlotte Pipe and Foundry Company.
	b. Harvel Plastics, Inc.
	c. Spears Manufacturing Company.

	2. Description:  CPVC or PVC one-piece fitting with manufacturer's Schedule 80 equivalent dimensions; one end with threaded brass insert and one solvent-cement-socket or threaded end.

	E. Plastic-to-Metal Transition Unions:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Colonial Engineering, Inc.
	b. NIBCO INC.
	c. Spears Manufacturing Company.

	2. Description:  CPVC or PVC four-part union.  Include brass or stainless-steel threaded end, solvent-cement-joint or threaded plastic end, rubber O-ring, and union nut.


	2.7 DIELECTRIC FITTINGS
	A. General Requirements:  Assembly of copper alloy and ferrous materials or ferrous material body with separating nonconductive insulating material suitable for system fluid, pressure, and temperature.
	B. Dielectric Unions:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. EPCO Sales, Inc.
	b. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
	c. Zurn Plumbing Products Group; Wilkins Water Control Products.

	2. Description:
	a. Pressure Rating:  150 psig at 180 deg F.
	b. End Connections:  Solder-joint copper alloy and threaded ferrous.


	C. Dielectric Flanges:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. EPCO Sales, Inc.
	b. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

	2. Description:
	a. Factory-fabricated, bolted, companion-flange assembly.
	b. Pressure Rating:  175 psig minimum.
	c. End Connections:  Solder-joint copper alloy and threaded ferrous; threaded solder-joint copper alloy and threaded ferrous.


	D. Dielectric-Flange Kits:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Calpico, Inc.
	b. Central Plastics Company.
	c. Pipeline Seal and Insulator, Inc.

	2. Description:
	a. Nonconducting materials for field assembly of companion flanges.
	b. Pressure Rating:  150 psig.
	c. Gasket:  Neoprene or phenolic.
	d. Bolt Sleeves:  Phenolic or polyethylene.
	e. Washers:  Phenolic with steel backing washers.


	E. Dielectric Couplings:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Calpico, Inc.
	b. Lochinvar Corporation.

	2. Description:
	a. Galvanized-steel coupling.
	b. Pressure Rating:  300 psig at 225 deg F.
	c. End Connections:  Female threaded.
	d. Lining:  Inert and noncorrosive, thermoplastic.


	F. Dielectric Nipples:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Perfection Corporation; a subsidiary of American Meter Company.
	b. Precision Plumbing Products, Inc.
	c. Victaulic Company.

	2. Description:
	a. Electroplated steel nipple complying with ASTM F 1545.
	b. Pressure Rating:  300 psig at 225 deg F.
	c. End Connections:  Male threaded or grooved.
	d. Lining:  Inert and noncorrosive, propylene.



	2.8 FLEXIBLE CONNECTORS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Flexicraft Industries.
	2. Hyspan Precision Products, Inc.
	3. Metraflex, Inc.

	B. Bronze-Hose Flexible Connectors:  Corrugated-bronze tubing with bronze wire-braid covering and ends brazed to inner tubing.
	1. Working-Pressure Rating:  Minimum 200 psig.
	2. End Connections NPS 2 and Smaller:  Threaded copper pipe or plain-end copper tube.
	3. End Connections NPS 2-1/2 and Larger:  Flanged copper alloy.

	C. Stainless-Steel-Hose Flexible Connectors:  Corrugated-stainless-steel tubing with stainless-steel wire-braid covering and ends welded to inner tubing.
	1. Working-Pressure Rating:  Minimum 200 psig.
	2. End Connections NPS 2 and Smaller:  Threaded steel-pipe nipple.
	3. End Connections NPS 2-1/2 and Larger:  Flanged steel nipple.


	2.9 ESCUTCHEONS
	A. General:  Manufactured ceiling, floor, and wall escutcheons and floor plates.
	B. One Piece, Cast Brass:  Polished, chrome-plated or rough-brass finish with setscrews.
	C. One Piece, Deep Pattern:  Deep-drawn, box-shaped brass with chrome-plated finish.
	D. One-Piece Floor Plates:  Cast-iron flange with holes for fasteners.

	2.10 SLEEVES
	A. Cast-Iron Wall Pipes:  Fabricated of cast iron, and equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop unless otherwise indicated.
	B. Galvanized-Steel-Sheet Sleeves:  0.0239-inch minimum thickness; round tube closed with welded longitudinal joint.
	C. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include clamping ring and bolts and nuts for membrane flashing.
	1. Underdeck Clamp:  Clamping ring with setscrews.


	2.11 SLEEVE SEALS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Advance Products & Systems, Inc.
	2. Metraflex, Inc.
	3. Pipeline Seal and Insulator, Inc.

	B. Description:  Modular sealing element unit, designed for field assembly, used to fill annular space between pipe and sleeve.
	1. Sealing Elements:  EPDM-rubber interlocking links shaped to fit surface of pipe.  Include type and number required for pipe material and size of pipe.
	2. Pressure Plates:  Stainless steel.
	3. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to sealing elements.


	2.12 GROUT
	A. Standard:  ASTM C 1107, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics:  Nonshrink; recommended for interior and exterior applications.
	C. Design Mix:  5000-psi, 28-day compressive strength.
	D. Packaging:  Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 EARTHWORK
	A. Comply with requirements in Division 31 Section "Earth Moving" for excavating, trenching, and backfilling.

	3.2 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of domestic water piping.  Indicated locations and arrangements are used to size pipe and calculate friction loss, expansion, and other design considerations.  Instal...
	B. Install copper tubing under building slab according to CDA's "Copper Tube Handbook."
	C. Install ductile-iron piping under building slab with restrained joints according to AWWA C600 and AWWA M41.
	D. Install underground ductile-iron pipe in PE encasement according to ASTM A 674 or AWWA C105.
	E. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve, inside the building at each domestic water service entrance.  Comply with requirements in Division 22 Section "Meters and Gages for Plumbing Piping" for ...
	F. Install shutoff valve immediately upstream of each dielectric fitting.
	G. Install domestic water piping level with 0.25 percent slope downward toward drain and plumb.
	H. Rough-in domestic water piping for water-meter installation according to utility company's requirements.
	I. Install seismic restraints on piping.  Comply with requirements in Division 22 Section "Vibration and Seismic Controls for Plumbing Piping and Equipment" for seismic-restraint devices.
	J. Install piping concealed from view and protected from physical contact by building occupants unless otherwise indicated and except in equipment rooms and service areas.
	K. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.
	L. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal, and coordinate with other services occupying that space.
	M. Install piping adjacent to equipment and specialties to allow service and maintenance.
	N. Install piping to permit valve servicing.
	O. Install nipples, unions, special fittings, and valves with pressure ratings the same as or higher than system pressure rating used in applications below unless otherwise indicated.
	P. Install piping free of sags and bends.
	Q. Install fittings for changes in direction and branch connections.
	R. Install unions in copper tubing at final connection to each piece of equipment, machine, and specialty.
	S. Install pressure gages on suction and discharge piping from each plumbing pump and packaged booster pump.  Comply with requirements in Division 22 Section "Meters and Gages for Plumbing Piping" for pressure gages.
	T. Install thermostats in hot-water circulation piping.  Comply with requirements in Division 22 Section "Domestic Water Pumps" for thermostats.
	U. Install thermometers on inlet and outlet piping from each water heater.  Comply with requirements in Division 22 Section "Meters and Gages for Plumbing Piping" for thermometers.

	3.3 JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before assembly.
	C. Soldered Joints:  Apply ASTM B 813, water-flushable flux to end of tube.  Join copper tube and fittings according to ASTM B 828 or CDA's "Copper Tube Handbook."
	D. Flanged Joints:  Select appropriate asbestos-free, nonmetallic gasket material in size, type, and thickness suitable for domestic water service.  Join flanges with gasket and bolts according to ASME B31.9.
	E. Dissimilar-Material Piping Joints:  Make joints using adapters compatible with materials of both piping systems.

	3.4 VALVE INSTALLATION
	A. General-Duty Valves:  Comply with requirements in Division 22 Section "General-Duty Valves for Plumbing Piping" for valve installations.
	B. Install shutoff valve close to water main on each branch and riser serving plumbing fixtures or equipment, on each water supply to equipment, and on each water supply to plumbing fixtures that do not have supply stops.  Use ball or gate valves for ...
	C. Install drain valves for equipment at base of each water riser, at low points in horizontal piping, and where required to drain water piping.  Drain valves are specified in Division 22 Section "Domestic Water Piping Specialties."
	1. Hose-End Drain Valves:  At low points in water mains, risers, and branches.
	2. Stop-and-Waste Drain Valves:  Instead of hose-end drain valves where indicated.

	D. Install balancing valve in each hot-water circulation return branch and discharge side of each pump and circulator.  Set balancing valves partly open to restrict but not stop flow.  Use ball valves for piping NPS 2 and smaller and butterfly valves ...
	E. Install calibrated balancing valves in each hot-water circulation return branch and discharge side of each pump and circulator.  Set calibrated balancing valves partly open to restrict but not stop flow.  Comply with requirements in Division 22 Sec...

	3.5 TRANSITION FITTING INSTALLATION
	A. Install transition couplings at joints of dissimilar piping.
	B. Transition Fittings in Underground Domestic Water Piping:
	1. NPS 1-1/2 and Smaller:  Fitting-type coupling.
	2. NPS 2 and Larger:  Sleeve-type coupling.

	C. Transition Fittings in Aboveground Domestic Water Piping NPS 2 and Smaller:  Plastic-to-metal transition fittings unions.

	3.6 DIELECTRIC FITTING INSTALLATION
	A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
	B. Dielectric Fittings for NPS 2 and Smaller:  Use dielectric couplings or nipples.
	C. Dielectric Fittings for NPS 2-1/2 to NPS 4:  Use dielectric flanges kits.
	D. Dielectric Fittings for NPS 5 and Larger:  Use dielectric flange kits.

	3.7 FLEXIBLE CONNECTOR INSTALLATION
	A. Install flexible connectors in suction and discharge piping connections to each domestic water pump and in suction and discharge manifold connections to each domestic water booster pump.
	B. Install bronze-hose flexible connectors in copper domestic water tubing.
	C. Install stainless-steel-hose flexible connectors in steel domestic water piping.

	3.8 WATER METER INSTALLATION
	A. Rough-in domestic water piping, and install water meters according to utility company's requirements.
	B. Install water meters according to AWWA M6, utility company's requirements, and the following:
	C. Install remote registration system according to standards of utility company and of authorities having jurisdiction.

	3.9 HANGER AND SUPPORT INSTALLATION
	A. Comply with requirements in Division 22 Section "Vibration and Seismic Controls for Plumbing Piping and Equipment" for seismic-restraint devices.
	B. Comply with requirements in Division 22 Section "Hangers and Supports for Plumbing Piping and Equipment" for pipe hanger and support products and installation.
	1. Vertical Piping:  MSS Type 8 or 42, clamps.
	2. Individual, Straight, Horizontal Piping Runs:
	a. 100 Feet and Less:  MSS Type 1, adjustable, steel clevis hangers.
	b. Longer Than 100 Feet:  MSS Type 43, adjustable roller hangers.
	c. Longer Than 100 Feet If Indicated:  MSS Type 49, spring cushion rolls.

	3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer:  MSS Type 44, pipe rolls.  Support pipe rolls on trapeze.
	4. Base of Vertical Piping:  MSS Type 52, spring hangers.

	C. Support vertical piping and tubing at base and at each floor.
	D. Rod diameter may be reduced one size for double-rod hangers, to a minimum of 3/8 inch.
	E. Install hangers for copper tubing with the following maximum horizontal spacing and minimum rod diameters:
	1. NPS 3/4 and Smaller:  60 inches with 3/8-inch rod.
	2. NPS 1 and NPS 1-1/4:  72 inches with 3/8-inch rod.
	3. NPS 1-1/2 and NPS 2:  96 inches with 3/8-inch rod.
	4. NPS 2-1/2:  108 inches with 1/2-inch rod.
	5. NPS 3 to NPS 5:  10 feet with 1/2-inch rod.
	6. NPS 6:  10 feet with 5/8-inch rod.
	7. NPS 8:  10 feet with 3/4-inch rod.

	F. Install supports for vertical copper tubing every 10 feet.
	G. Install hangers for steel piping with the following maximum horizontal spacing and minimum rod diameters:
	1. NPS 1-1/4 and Smaller:  84 inches with 3/8-inch rod.
	2. NPS 1-1/2:  108 inches with 3/8-inch rod.
	3. NPS 2:  10 feet with 3/8-inch rod.
	4. NPS 2-1/2:  11 feet with 1/2-inch rod.
	5. NPS 3 and NPS 3-1/2:  12 feet with 1/2-inch rod.
	6. NPS 4 and NPS 5:  12 feet with 5/8-inch rod.
	7. NPS 6:  12 feet with 3/4-inch rod.
	8. NPS 8 to NPS 12:  12 feet with 7/8-inch rod.

	H. Install supports for vertical steel piping every 15 feet.
	I. Support piping and tubing not listed in this article according to MSS SP-69 and manufacturer's written instructions.

	3.10 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to equipment and machines to allow service and maintenance.
	C. Connect domestic water piping to exterior water-service piping.  Use transition fitting to join dissimilar piping materials.
	D. Connect domestic water piping to water-service piping with shutoff valve; extend and connect to the following:
	1. Domestic Water Booster Pumps:  Cold-water suction and discharge piping.
	2. Water Heaters:  Cold-water inlet and hot-water outlet piping in sizes indicated, but not smaller than sizes of water heater connections.
	3. Plumbing Fixtures:  Cold- and hot-water supply piping in sizes indicated, but not smaller than required by plumbing code.  Comply with requirements in Division 22 plumbing fixture Sections for connection sizes.
	4. Equipment:  Cold- and hot-water supply piping as indicated, but not smaller than equipment connections.  Provide shutoff valve and union for each connection.  Use flanges instead of unions for NPS 2-1/2 and larger.


	3.11 ESCUTCHEON INSTALLATION
	A. Install escutcheons for penetrations of walls, ceilings, and floors.
	B. Escutcheons for New Piping:
	1. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep pattern.
	2. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One piece, cast brass with polished chrome-plated finish.
	3. Bare Piping at Ceiling Penetrations in Finished Spaces:  One piece, cast brass with polished chrome-plated finish.
	4. Bare Piping in Unfinished Service Spaces:  One piece, cast brass with polished chrome-plated finish.
	5. Bare Piping in Equipment Rooms:  One piece, cast brass.
	6. Bare Piping at Floor Penetrations in Equipment Rooms:  One-piece floor plate.


	3.12 SLEEVE INSTALLATION
	A. General Requirements:  Install sleeves for pipes and tubes passing through penetrations in floors, partitions, roofs, and walls.
	B. Sleeves are not required for core-drilled holes.
	C. Permanent sleeves are not required for holes formed by removable PE sleeves.
	D. Cut sleeves to length for mounting flush with both surfaces unless otherwise indicated.
	E. Install sleeves in new partitions, slabs, and walls as they are built.
	F. For interior wall penetrations, seal annular space between sleeve and pipe or pipe insulation using joint sealants appropriate for size, depth, and location of joint.  Comply with requirements in Division 07 Section "Joint Sealants" for joint seala...
	G. For exterior wall penetrations above grade, seal annular space between sleeve and pipe using joint sealants appropriate for size, depth, and location of joint.  Comply with requirements in Division 07 Section "Joint Sealants" for joint sealants.
	H. For exterior wall penetrations below grade, seal annular space between sleeve and pipe using sleeve seals specified in this Section.
	I. Seal space outside of sleeves in concrete slabs and walls with grout.
	J. Install sleeves that are large enough to provide 1/4-inch annular clear space between sleeve and pipe or pipe insulation unless otherwise indicated.
	K. Install sleeve materials according to the following applications:
	1. Sleeves for Piping Passing through Concrete Floor Slabs:  Steel pipe.
	2. Sleeves for Piping Passing through Concrete Floor Slabs of Mechanical Equipment Areas or Other Wet Areas:  Steel pipe.
	a. Extend sleeves 2 inches above finished floor level.
	b. For pipes penetrating floors with membrane waterproofing, extend cast-iron sleeve fittings below floor slab as required to secure clamping ring if ring is specified.  Secure flashing between clamping flanges.  Install section of cast-iron soil pipe...

	3. Sleeves for Piping Passing through Gypsum-Board Partitions:
	a. Steel pipe sleeves for pipes smaller than NPS 6.
	b. Galvanized-steel sheet sleeves for pipes NPS 6 and larger.
	c. Exception:  Sleeves are not required for water supply tubes and waste pipes for individual plumbing fixtures if escutcheons will cover openings.

	4. Sleeves for Piping Passing through Concrete Roof Slabs:  Steel pipe.
	5. Sleeves for Piping Passing through Exterior Concrete Walls:
	a. Steel pipe sleeves for pipes smaller than NPS 6.
	b. Cast-iron wall pipe sleeves for pipes NPS 6 and larger.
	c. Install sleeves that are large enough to provide 1-inch annular clear space between sleeve and pipe or pipe insulation when sleeve seals are used.
	d. Do not use sleeves when wall penetration systems are used.

	6. Sleeves for Piping Passing through Interior Concrete Walls:
	a. Steel pipe sleeves for pipes smaller than NPS 6.
	b. Galvanized-steel sheet sleeves for pipes NPS 6 and larger.


	L. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations.  Seal pipe penetrations with firestop materials.  Comply with requirements in Division 07 Section "Penetration Firestopping"...

	3.13 SLEEVE SEAL INSTALLATION
	A. Install sleeve seals in sleeves in exterior concrete walls at water-service piping entries into building.
	B. Select type and number of sealing elements required for pipe material and size.  Position pipe in center of sleeve.  Assemble sleeve seal components and install in annular space between pipe and sleeve.  Tighten bolts against pressure plates that c...

	3.14 IDENTIFICATION
	A. Identify system components.  Comply with requirements in Division 22 Section "Identification for Plumbing Piping and Equipment" for identification materials and installation.
	B. Label pressure piping with system operating pressure.

	3.15 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Piping Inspections:
	1. Do not enclose, cover, or put piping into operation until it has been inspected and approved by authorities having jurisdiction.
	2. During installation, notify authorities having jurisdiction at least one day before inspection must be made.  Perform tests specified below in presence of authorities having jurisdiction:
	a. Roughing-in Inspection:  Arrange for inspection of piping before concealing or closing-in after roughing-in and before setting fixtures.
	b. Final Inspection:  Arrange final inspection for authorities having jurisdiction to observe tests specified below and to ensure compliance with requirements.

	3. Reinspection:  If authorities having jurisdiction find that piping will not pass tests or inspections, make required corrections and arrange for reinspection.
	4. Reports:  Prepare inspection reports and have them signed by authorities having jurisdiction.

	C. Piping Tests:
	1. Fill domestic water piping.  Check components to determine that they are not air bound and that piping is full of water.
	2. Test for leaks and defects in new piping and parts of existing piping that have been altered, extended, or repaired.  If testing is performed in segments, submit a separate report for each test, complete with diagram of portion of piping tested.
	3. Leave new, altered, extended, or replaced domestic water piping uncovered and unconcealed until it has been tested and approved.  Expose work that was covered or concealed before it was tested.
	4. Cap and subject piping to static water pressure of 50 psig above operating pressure, without exceeding pressure rating of piping system materials.  Isolate test source and allow to stand for four hours.  Leaks and loss in test pressure constitute d...
	5. Repair leaks and defects with new materials and retest piping or portion thereof until satisfactory results are obtained.
	6. Prepare reports for tests and for corrective action required.

	D. Domestic water piping will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.

	3.16 ADJUSTING
	A. Perform the following adjustments before operation:
	1. Close drain valves, hydrants, and hose bibbs.
	2. Open shutoff valves to fully open position.
	3. Open throttling valves to proper setting.
	4. Adjust balancing valves in hot-water-circulation return piping to provide adequate flow.
	a. Manually adjust ball-type balancing valves in hot-water-circulation return piping to provide flow of hot water in each branch.
	b. Adjust calibrated balancing valves to flows indicated.

	5. Remove plugs used during testing of piping and for temporary sealing of piping during installation.
	6. Remove and clean strainer screens.  Close drain valves and replace drain plugs.
	7. Remove filter cartridges from housings and verify that cartridges are as specified for application where used and are clean and ready for use.
	8. Check plumbing specialties and verify proper settings, adjustments, and operation.


	3.17 CLEANING
	A. Clean and disinfect potable and non-potable domestic water piping as follows:
	1. Purge new piping and parts of existing piping that have been altered, extended, or repaired before using.
	2. Use purging and disinfecting procedures prescribed by authorities having jurisdiction; if methods are not prescribed, use procedures described in either AWWA C651 or AWWA C652 or follow procedures described below:
	a. Flush piping system with clean, potable water until dirty water does not appear at outlets.
	b. Fill and isolate system according to either of the following:
	1) Fill system or part thereof with water/chlorine solution with at least 50 ppm of chlorine.  Isolate with valves and allow to stand for 24 hours.
	2) Fill system or part thereof with water/chlorine solution with at least 200 ppm of chlorine.  Isolate and allow to stand for three hours.

	c. Flush system with clean, potable water until no chlorine is in water coming from system after the standing time.
	d. Submit water samples shall be sent to a NYS DOH approved lab with the results sent to the A/E of record for review and approval.


	B. Prepare and submit reports of purging and disinfecting activities.
	C. Clean interior of domestic water piping system.  Remove dirt and debris as work progresses.

	3.18 PIPING SCHEDULE
	A. Transition and special fittings with pressure ratings at least equal to piping rating may be used in applications below unless otherwise indicated.
	B. Flanges and unions may be used for aboveground piping joints unless otherwise indicated.
	C. Under-building-slab, domestic water, building-service piping, NPS 4 to NPS 8 and larger, shall be the following:
	1. Mechanical-joint, ductile-iron pipe; standard- pattern mechanical-joint fittings; and mechanical joints.

	D. Under-building-slab, domestic water piping, NPS 2 and smaller, shall be the following:
	1.  copper tube, ASTM B 88, Type K without joints.

	E. Aboveground domestic water piping, NPS 3 and smaller, shall be the following:
	1. Hard copper tube, ASTM B 88, Type L; cast- or wrought- copper solder-joint fittings; and soldered joints.

	F. Aboveground domestic water piping, NPS 3" and larger, shall be one of the following:
	1. Hard copper tube, ASTM B 88, Type L; cast- or wrought- copper solder-joint fittings; and soldered joints.


	3.19 VALVE SCHEDULE
	A. Drawings indicate valve types to be used.  Where specific valve types are not indicated, the following requirements apply:
	1. Shutoff Duty:  Use ball or gate valves for piping NPS 2 and smaller.  Use butterfly, ball, or gate valves with flanged ends for piping NPS 2-1/2 and larger.
	2. Throttling Duty:  Use ball or globe valves for piping NPS 2 and smaller.  Use butterfly or ball valves with flanged ends for piping NPS 2-1/2 and larger.
	3. Hot-Water Circulation Piping, Balancing Duty:  Calibrated Memory-stop balancing valves.
	4. Drain Duty:  Hose-end drain valves.

	B. Use check valves to maintain correct direction of domestic water flow to and from equipment.
	C. Iron grooved-end valves may be used with grooved-end piping.
	D. Valves matching piping materials may be used.



	221119-domestic water piping specialties
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following domestic water piping specialties:
	1. Vacuum breakers.
	2. Backflow preventers.
	3. Water pressure-reducing valves.
	4. Balancing valves.
	5. Temperature-actuated water mixing valves.
	6. Strainers.
	7. Outlet boxes.
	8. Hose stations.
	9. Hose bibbs.
	10. Wall hydrants.
	11. Drain valves.
	12. Water hammer arresters.
	13. Air vents.
	14. Trap-seal primer valves.
	15. Trap-seal primer systems.

	B. Related Sections include the following:
	1. Division 22 Section "Meters and Gages for Plumbing Piping" for thermometers, pressure gages, and flow meters in domestic water piping.
	2. Division 22 Section "Domestic Water Piping" for water meters.
	3. Division 22 Section "Domestic Water Filtration Equipment" for water filters in domestic water piping.
	4. Division 22 Section "Healthcare Plumbing Fixtures" for thermostatic mixing valves for sitz baths, thermostatic mixing-valve assemblies for hydrotherapy equipment, and outlet boxes for dialysis equipment.
	5. Division 22 Section "Emergency Plumbing Fixtures" for water tempering equipment.
	6. Division 22 Section "Drinking Fountains and Water Coolers" for water filters for water coolers.


	1.3 PERFORMANCE REQUIREMENTS
	A. Minimum Working Pressure for Domestic Water Piping Specialties:  125 psig, unless otherwise indicated.

	1.4 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:  Diagram power, signal, and control wiring.
	C. Field quality-control test reports.
	D. Operation and Maintenance Data:  For domestic water piping specialties to include in emergency, operation, and maintenance manuals.

	1.5 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. NSF Compliance:
	1. Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic domestic water piping components.
	2. Comply with NSF 61, "Drinking Water System Components - Health Effects; Sections 1 through 9."



	PART 2 -  PRODUCTS
	2.1 VACUUM BREAKERS
	A. Pipe-Applied, Atmospheric-Type Vacuum Breakers:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Ames Co.
	b. Cash Acme.
	c. Conbraco Industries, Inc.
	d. FEBCO; SPX Valves & Controls.
	e. Rain Bird Corporation.
	f. Toro Company (The); Irrigation Div.
	g. Watts Industries, Inc.; Water Products Div.
	h. Zurn Plumbing Products Group; Wilkins Div.

	2. Standard:  ASSE 1001.
	3. Size:  NPS 1/4 to NPS 3, as required to match connected piping.
	4. Body:  Bronze.
	5. Inlet and Outlet Connections:  Threaded.
	6. Finish:  Rough bronze.

	B. Hose-Connection Vacuum Breakers:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Arrowhead Brass Products, Inc.
	b. Cash Acme.
	c. Conbraco Industries, Inc.
	d. Legend Valve.
	e. MIFAB, Inc.
	f. Prier Products, Inc.
	g. Watts Industries, Inc.; Water Products Div.
	h. Woodford Manufacturing Company.
	i. Zurn Plumbing Products Group; Light Commercial Operation.
	j. Zurn Plumbing Products Group; Wilkins Div.

	2. Standard:  ASSE 1011.
	3. Body:  Bronze, nonremovable, with manual drain.
	4. Outlet Connection:  Garden-hose threaded complying with ASME B1.20.7.
	5. Finish:  Chrome or nickel plated.

	C. Pressure Vacuum Breakers:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Ames Co.
	b. Conbraco Industries, Inc.
	c. FEBCO; SPX Valves & Controls.
	d. Flomatic Corporation.
	e. Toro Company (The); Irrigation Div.
	f. Watts Industries, Inc.; Water Products Div.
	g. Zurn Plumbing Products Group; Wilkins Div.


	D. Laboratory-Faucet Vacuum Breakers:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Conbraco Industries, Inc.
	b. Watts Industries, Inc.; Water Products Div.
	c. Woodford Manufacturing Company.
	d. Zurn Plumbing Products Group; Wilkins Div.
	e.

	2. Standard:  ASSE 1035.
	3. Size:  NPS 1/4 or NPS 3/8 matching faucet size.
	4. Body:  Bronze.
	5. End Connections:  Threaded.
	6. Finish:  Chrome plated.

	E. Spill-Resistant Vacuum Breakers:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Conbraco Industries, Inc.
	b. Watts Industries, Inc.; Water Products Div.
	c.

	2. Standard:  ASSE 1056.
	3. Operation:  Continuous-pressure applications.
	4. Accessories:
	a. Valves:  Ball type, on inlet and outlet.



	2.2 BACKFLOW PREVENTERS
	A. Intermediate Atmospheric-Vent Backflow Preventers:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Cash Acme.
	b. Conbraco Industries, Inc.
	c. FEBCO; SPX Valves & Controls.
	d. Honeywell Water Controls.
	e. Legend Valve.
	f. Watts Industries, Inc.; Water Products Div.
	g. Zurn Plumbing Products Group; Wilkins Div.

	2. Standard:  ASSE 1012.
	3. Operation:  Continuous-pressure applications.
	4. Size:  NPS ½ or NPS 3/4.
	5. Body:  Bronze.
	6. End Connections:  Union, solder joint.
	7. Finish:  Chrome plated.

	B. Reduced-Pressure-Principle Backflow Preventers:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Ames Co.
	b. Conbraco Industries, Inc.
	c. FEBCO; SPX Valves & Controls.
	d. Flomatic Corporation.
	e. Watts Industries, Inc.; Water Products Div.
	f. Zurn Plumbing Products Group; Wilkins Div.


	C. Double-Check Backflow-Prevention Assemblies:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Ames Co.
	b. Conbraco Industries, Inc.
	c. FEBCO; SPX Valves & Controls.
	d. Flomatic Corporation.
	e. Watts Industries, Inc.; Water Products Div.
	f. Zurn Plumbing Products Group; Wilkins Div.


	D. Beverage-Dispensing-Equipment Backflow Preventers:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Conbraco Industries, Inc.
	b. Watts Industries, Inc.; Water Products Div.
	c. Zurn Plumbing Products Group; Wilkins Div.

	2. Standard:  ASSE 1022.
	3. Operation:  Continuous-pressure applications.
	4. Size:  NPS 1/4 or NPS 3/8.
	5. Body:  Stainless steel.
	6. End Connections:  Threaded.

	E. Carbonated-Beverage-Dispenser, Dual-Check-Valve Backflow Preventers:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Cash Acme.
	b. Lancer Corporation.
	c. Watts Industries, Inc.; Water Products Div.

	2. Standard:  ASSE 1032.
	3. Operation:  Continuous-pressure applications.
	4. Size:  NPS 1/4 or NPS 3/8.
	5. Body:  Stainless steel.
	6. End Connections:  Threaded.

	F. Reduced-Pressure-Detector, Fire-Protection Backflow-Preventer Assemblies:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Ames Co.
	b. Conbraco Industries, Inc.
	c. FEBCO; SPX Valves & Controls.
	d. Watts Industries, Inc.; Water Products Div.
	e. Zurn Plumbing Products Group; Wilkins Div.


	G. Double-Check, Detector-Assembly Backflow Preventers:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Ames Co.
	b. Conbraco Industries, Inc.
	c. FEBCO; SPX Valves & Controls.
	d. Watts Industries, Inc.; Water Products Div.
	e. Zurn Plumbing Products Group; Wilkins Div.


	H. Hose-Connection Backflow Preventers:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Conbraco Industries, Inc.
	b. Watts Industries, Inc.; Water Products Div.
	c. Woodford Manufacturing Company.

	2. Standard:  ASSE 1052.
	3. Operation:  Up to 10-foot head of water back pressure.
	4. Inlet Size:  NPS 1/2 or NPS 3/4.
	5. Outlet Size:  Garden-hose thread complying with ASME B1.20.7.
	6. Capacity:  At least 3-gpm flow.


	2.3 WATER PRESSURE-REDUCING VALVES
	A. Water Regulators:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Cash Acme.
	b. Conbraco Industries, Inc.
	c. Honeywell Water Controls.
	d. Watts Industries, Inc.; Water Products Div.
	e. Zurn Plumbing Products Group; Wilkins Div.

	2. Standard:  ASSE 1003.
	3. Pressure Rating:  Initial working pressure of 150 psig.
	4. Size:  As indicated on drawings.
	5. Design Flow Rate:  As indicated on drawings.
	6. Design Inlet Pressure:  As indicated on drawings.
	7. Design Outlet Pressure Setting: As indicated on drawings.
	8. Body:  Bronze with chrome-plated finish for NPS 2 and smaller; cast iron with interior lining complying with AWWA C550 or that is FDA approved for NPS 2-1/2 and NPS 3.
	9. Valves for Booster Heater Water Supply:  Include integral bypass.
	10. End Connections:  Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and NPS 3.

	B. Water Control Valves:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. CLA-VAL Automatic Control Valves.
	b. Flomatic Corporation.
	c. OCV Control Valves.
	d. Watts Industries, Inc.; Ames Fluid Control Systems.
	e. Watts Industries, Inc.; Watts ACV.
	f. Zurn Plumbing Products Group; Wilkins Div.



	2.4 BALANCING VALVES
	A. Memory-Stop Balancing Valves:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Conbraco Industries, Inc.
	b. Crane Co.; Crane Valve Group; Crane Valves.
	c. Crane Co.; Crane Valve Group; Jenkins Valves.
	d. Crane Co.; Crane Valve Group; Stockham Div.
	e. Hammond Valve.
	f. Milwaukee Valve Company.
	g. NIBCO INC.
	h. Red-White Valve Corp.

	2. Standard:  MSS SP-110 for two-piece, copper-alloy ball valves.
	3. Pressure Rating:  400-psig minimum CWP.
	4. Size:  NPS 2 or smaller.
	5. Body:  Copper alloy.
	6. Port:  Standard or full port.
	7. Ball:  Chrome-plated brass.
	8. Seats and Seals:  Replaceable.
	9. End Connections:  Solder joint or threaded.
	10. Handle:  Vinyl-covered steel with memory-setting device.


	2.5 TEMPERATURE-ACTUATED WATER MIXING VALVES
	A. Water-Temperature Limiting Devices:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Armstrong International, Inc.
	b. Cash Acme.
	c. Conbraco Industries, Inc.
	d. Honeywell Water Controls.
	e. Legend Valve.
	f. Leonard Valve Company.
	g. Powers; a Watts Industries Co.
	h. Symmons Industries, Inc.
	i. Taco, Inc.
	j. Watts Industries, Inc.; Water Products Div.
	k. Zurn Plumbing Products Group; Wilkins Div.

	2. Standard:  ASSE 1017.
	3. Pressure Rating:  125 psig.
	4. Type:  Thermostatically controlled water mixing valve.
	5. Material:  Bronze body with corrosion-resistant interior components.
	6. Connections:  Threaded or union inlets and outlet.
	7. Accessories:  Check stops on hot- and cold-water supplies, and adjustable, temperature-control handle.

	B. Primary, Thermostatic, Water Mixing Valves:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Armstrong International, Inc.
	b. Lawler Manufacturing Company, Inc.
	c. Leonard Valve Company.
	d. Powers; a Watts Industries Co.
	e. Symmons Industries, Inc.

	2. Standard:  ASSE 1017.
	3. Pressure Rating:  125 psig.
	4. Type:  Exposed-mounting or Cabinet-type, thermostatically controlled water mixing valve.
	5. Material:  Bronze body with corrosion-resistant interior components.
	6. Connections:  Threaded or union inlets and outlet.
	7. Accessories:  Manual temperature control, check stops on hot- and cold-water supplies, and adjustable, temperature-control handle.
	8. Valve Pressure Rating:  125 psig minimum, unless otherwise indicated.
	9. Selected Valve Flow Rate at 45-psig Pressure Drop:
	10. Pressure Drop at Design Flow Rate:
	11. Cabinet:  Factory-fabricated, stainless steel, for recessed or surface mounting and with hinged, stainless-steel door.

	C. Manifold, Thermostatic, Water-Mixing-Valve Assemblies:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Leonard Valve Company.
	b. Powers; a Watts Industries Co.
	c. Symmons Industries, Inc.

	2. Description:  Factory-fabricated, cabinet-type or exposed-mounting, thermostatically controlled, water-mixing-valve assembly in two or three-valve parallel arrangement.
	3. Large-Flow Parallel:  Thermostatic water mixing valve and downstream pressure regulator with pressure gages on inlet and outlet.
	4. Intermediate-Flow Parallel:  Thermostatic water mixing valve and downstream pressure regulator with pressure gages on inlet and outlet.
	5. Small-Flow Parallel:  Thermostatic water mixing valve.
	6. Thermostatic Mixing Valves:  Comply with ASSE 1017.  Include check stops on hot- and cold-water inlets and shutoff valve on outlet.
	7. Water Regulator(s):  Comply with ASSE 1003.  Include pressure gage on inlet and outlet.
	8. Component Pressure Ratings:  125 psig minimum, unless otherwise indicated.
	9. Cabinet:  Factory-fabricated, stainless steel, for [recessed][surface] mounting and with hinged, stainless-steel door.

	D. Individual-Fixture, Water Tempering Valves:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Cash Acme.
	b. Conbraco Industries, Inc.
	c. Honeywell Water Controls.
	d. Lawler Manufacturing Company, Inc.
	e. Leonard Valve Company.
	f. Powers; a Watts Industries Co.
	g. Watts Industries, Inc.; Water Products Div.
	h. Zurn Plumbing Products Group; Wilkins Div.

	2. Standard:  ASSE 1016, thermostatically controlled water tempering valve.
	3. Pressure Rating:  125 psig minimum, unless otherwise indicated.
	4. Body:  Bronze body with corrosion-resistant interior components.
	5. Temperature Control:  Adjustable.
	6. Inlets and Outlet:  Threaded.
	7. Finish:  Rough or chrome-plated bronze.

	E. Primary Water Tempering Valves:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Heat-Timer Corporation.
	b. Holby Valve Co., Inc.

	2. Standard:  ASSE 1017, thermostatically controlled tempering valve, listed as tempering valve.
	3. Pressure Rating:  125 psig minimum, unless otherwise indicated.
	4. Body:  Bronze.
	5. Temperature Control:  Manual.
	6. Inlets and Outlet:  Threaded.


	2.6 STRAINERS FOR DOMESTIC WATER PIPING
	A. Y-Pattern Strainers:
	1. Pressure Rating:  125 psig minimum, unless otherwise indicated.
	2. Body:  Bronze for NPS 2 and smaller; cast iron for NPS 2-1/2 and larger.
	3. End Connections:  Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and larger.
	4. Screen:  Stainless steel with round perforations, unless otherwise indicated.
	5. Perforation Size:
	a. Strainers NPS 2 and Smaller:  0.020 inch.
	b. Strainers NPS 2-1/2 to NPS 4:  0.045 inch.
	c. Strainers NPS 5 and Larger:  0.10 inch.

	6. Drain:  Factory-installed, hose-end drain valve.


	2.7 OUTLET BOXES
	A. Clothes Washer Outlet Boxes:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Acorn Engineering Company.
	b. Guy Gray Manufacturing Co., Inc.
	c. IPS Corporation.
	d. LSP Products Group, Inc.
	e. Oatey.
	f. Plastic Oddities; a division of Diverse Corporate Technologies.
	g. Symmons Industries, Inc.
	h. Watts Industries, Inc.; Water Products Div.
	i. Whitehall Manufacturing; a div. of Acorn Engineering Company.
	j. Zurn Plumbing Products Group; Light Commercial Operation.

	2. Mounting:  Recessed.
	3. Material and Finish:  Stainless-steel box and faceplate.
	4. Faucet:  Combination, valved fitting or separate hot- and cold-water, valved fittings complying with ASME A112.18.1.  Include garden-hose thread complying with ASME B1.20.7 on outlets.
	5. Supply Shutoff Fittings:  NPS 1/2 gate, globe, or ball valves and NPS 1/2 copper, water tubing.
	6. Drain:  NPS 1-1/2 standpipe and P-trap for direct waste connection to drainage piping.
	7. Inlet Hoses:  Two 60-inch long, rubber household clothes washer inlet hoses with female, garden-hose-thread couplings.  Include rubber washers.
	8. Drain Hose:  One 48-inch long, rubber household clothes washer drain hose with hooked end.

	B. Icemaker Outlet Boxes:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Acorn Engineering Company.
	b. IPS Corporation.
	c. LSP Products Group, Inc.
	d. Oatey.
	e. Plastic Oddities; a division of Diverse Corporate Technologies.

	2. Mounting:  Recessed.
	3. Material and Finish:  Stainless-steel box and faceplate.
	4. Faucet:  Valved fitting complying with ASME A112.18.1.  Include NPS 1/2 or smaller copper tube outlet.
	5. Supply Shutoff Fitting:  NPS 1/2 gate, globe, or ball valve and NPS 1/2 copper, water tubing.


	2.8 HOSE STATIONS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. ARCHON Industries, Inc.
	2. Armstrong International, Inc.
	3. Cooney Brothers, Inc.
	4. DynaFluid Ltd.
	5. Leonard Valve Company.
	6. Strahman Valves, Inc.
	7. T & S Brass and Bronze Works, Inc.

	B. Single-Temperature-Water Hose Stations:
	1. Standard:  ASME A112.18.1.
	2. Cabinet:  Stainless-steel enclosure with exposed valve handle, hose connection, and hose rack.  Include thermometer in front.
	3. Hose-Rack Material:  Stainless steel.
	4. Body Material:  Bronze with stainless-steel wetted parts.
	5. Body Finish:  Rough bronze.
	6. Mounting:  Wall, with reinforcement.
	7. Supply Fitting:  NPS 3/4 gate, globe, or ball valve and check valve and NPS 3/4  copper, water tubing.  Omit check valve if check stop is included with fitting.
	8. Hose:  Manufacturer's standard, for service fluid, temperature, and pressure; 25 feet long.
	9. Nozzle:  With hand squeeze on-off control.
	10. Vacuum Breaker:  Integral or factory-installed, nonremovable, manual-drain-type, hose-connection vacuum breaker complying with ASSE 1011 or backflow preventer complying with ASSE 1052; and garden-hose thread complying with ASME B1.20.7 on outlet.

	C. Hot- and Cold-Water Hose Stations:
	1. Standard:  ASME A112.18.1.
	2. Type Faucet:  Thermostatic mixing valve.
	3. Cabinet:  Stainless-steel enclosure with exposed valve handles, hose connection, and hose rack.  Include thermometer in front.
	4. Hose-Rack Material:  Stainless steel.
	5. Body Material:  Bronze with stainless-steel wetted parts.
	6. Body Finish:  Rough bronze.
	7. Mounting:  Wall, with reinforcement.
	8. Supply Fittings:  Two NPS 3/4 gate, globe, or ball valves and check valves and NPS 3/4  copper, water tubing.  Omit check valves if check stops are included with fitting.
	9. Hose:  Manufacturer's standard, for service fluid, temperature, and pressure; 50 feet long.
	10. Nozzle:  With hand squeeze on-off control.
	11. Vacuum Breaker:  Integral or factory-installed, nonremovable, manual-drain-type, hose-connection vacuum breaker complying with ASSE 1011 or backflow preventer complying with ASSE 1052; and garden-hose thread complying with ASME B1.20.7 on outlet.


	2.9 HOSE BIBBS
	A. Hose Bibbs:
	1. Standard:  ASME A112.18.1 for sediment faucets.
	2. Body Material:  Bronze.
	3. Seat:  Bronze, replaceable.
	4. Supply Connections:  NPS 1/2 or NPS 3/4 threaded or solder-joint inlet.
	5. Outlet Connection:  Garden-hose thread complying with ASME B1.20.7.
	6. Pressure Rating:  125 psig.
	7. Vacuum Breaker:  Integral nonremovable, drainable, hose-connection vacuum breaker complying with ASSE 1011.
	8. Finish for Equipment Rooms:  Rough bronze, or chrome or nickel plated.
	9. Finish for Service Areas:  Rough bronze.
	10. Finish for Finished Rooms:  Chrome or nickel plated.
	11. Operation for Equipment Rooms:  Wheel handle or operating key.
	12. Operation for Service Areas:  Operating key.
	13. Operation for Finished Rooms:  Operating key.
	14. Include operating key with each operating-key hose bibb.
	15. Include integral wall flange with each chrome- or nickel-plated hose bibb.


	2.10 WALL HYDRANTS
	A. Nonfreeze Wall Hydrants:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Josam Company.
	b. MIFAB, Inc.
	c. Prier Products, Inc.
	d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
	e. Tyler Pipe; Wade Div.
	f. Watts Drainage Products Inc.
	g. Woodford Manufacturing Company.
	h. Zurn Plumbing Products Group; Light Commercial Operation.
	i. Zurn Plumbing Products Group; Specification Drainage Operation.


	B. Nonfreeze, Hot- and Cold-Water Wall Hydrants:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Josam Company.
	b. Prier Products, Inc.
	c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
	d. Tyler Pipe; Wade Div.
	e. Watts Drainage Products Inc.
	f. Woodford Manufacturing Company.
	g. Zurn Plumbing Products Group; Specification Drainage Operation.


	C. Vacuum Breaker Wall Hydrants:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Arrowhead Brass Products, Inc.
	b. Mansfield Plumbing Products LLC.
	c. McDonald, A. Y. Mfg. Co.
	d. Prier Products, Inc.
	e. Smith, Jay. R. Mfg. Co.; Division of Smith Industries, Inc.
	f. Watts Industries, Inc.; Water Products Div.
	g. Woodford Manufacturing Company.
	h. Zurn Plumbing Products Group; Light Commercial Operation.



	2.11 DRAIN VALVES
	A. Ball-Valve-Type, Hose-End Drain Valves:
	1. Standard:  MSS SP-110 for standard-port, two-piece ball valves.
	2. Pressure Rating:  400-psig minimum CWP.
	3. Size:  NPS 3/4.
	4. Body:  Copper alloy.
	5. Ball:  Chrome-plated brass.
	6. Seats and Seals:  Replaceable.
	7. Handle:  Vinyl-covered steel.
	8. Inlet:  Threaded or solder joint.
	9. Outlet:  Threaded, short nipple with garden-hose thread complying with ASME B1.20.7 and cap with brass chain.

	B. Gate-Valve-Type, Hose-End Drain Valves:
	1. Standard:  MSS SP-80 for gate valves.
	2. Pressure Rating:  Class 125.
	3. Size:  NPS 3/4.
	4. Body:  ASTM B 62 bronze.
	5. Inlet:  NPS 3/4 threaded or solder joint.
	6. Outlet:  Garden-hose thread complying with ASME B1.20.7 and cap with brass chain.

	C. Stop-and-Waste Drain Valves:
	1. Standard:  MSS SP-110 for ball valves or MSS SP-80 for gate valves.
	2. Pressure Rating:  200-psig minimum CWP or Class 125.
	3. Size:  NPS 3/4.
	4. Body:  Copper alloy or ASTM B 62 bronze.
	5. Drain:  NPS 1/8 side outlet with cap.


	2.12 WATER HAMMER ARRESTERS
	A. Water Hammer Arresters:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. AMTROL, Inc.
	b. Josam Company.
	c. MIFAB, Inc.
	d. PPP Inc.
	e. Sioux Chief Manufacturing Company, Inc.
	f. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
	g. Tyler Pipe; Wade Div.
	h. Watts Drainage Products Inc.
	i. Zurn Plumbing Products Group; Specification Drainage Operation.



	2.13 AIR VENTS
	A. Bolted-Construction Automatic Air Vents:
	1. Body:  Bronze.
	2. Pressure Rating:  125-psig minimum pressure rating at 140 deg F.
	3. Float:  Replaceable, corrosion-resistant metal.
	4. Mechanism and Seat:  Stainless steel.
	5. Size:  NPS 1/2 minimum inlet.
	6. Inlet and Vent Outlet End Connections:  Threaded.

	B. Welded-Construction Automatic Air Vents:
	1. Body:  Stainless steel.
	2. Pressure Rating:  150-psig minimum pressure rating.
	3. Float:  Replaceable, corrosion-resistant metal.
	4. Mechanism and Seat:  Stainless steel.
	5. Size:  NPS 3/8 minimum inlet.
	6. Inlet and Vent Outlet End Connections:  Threaded.


	2.14 TRAP-SEAL PRIMER VALVES
	A. Supply-Type, Trap-Seal Primer Valves:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. MIFAB, Inc.
	b. PPP Inc.
	c. Sioux Chief Manufacturing Company, Inc.
	d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
	e. Watts Industries, Inc.; Water Products Div.

	2. Standard:  ASSE 1018.
	3. Pressure Rating:  125 psig minimum.
	4. Body:  Bronze.
	5. Inlet and Outlet Connections:  NPS 1/2 threaded, union, or solder joint.
	6. Gravity Drain Outlet Connection:  NPS 1/2 threaded or solder joint.
	7. Finish:  Chrome plated, or rough bronze for units used with pipe or tube that is not chrome finished.

	B. Drainage-Type, Trap-Seal Primer Valves:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Standard:  ASSE 1044, lavatory P-trap with NPS 3/8 minimum, trap makeup connection.
	3. Size:  NPS 1-1/4 minimum.
	4. Material:  Chrome-plated, cast brass.


	2.15 TRAP-SEAL PRIMER SYSTEMS
	A. Trap-Seal Primer Systems:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. PPP Inc.




	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Refer to Division 22 Section "Common Work Results for Plumbing" for piping joining materials, joint construction, and basic installation requirements.
	B. Install backflow preventers in each water supply to mechanical equipment and systems and to other equipment and water systems that may be sources of contamination.  Comply with authorities having jurisdiction.
	1. Locate backflow preventers in same room as connected equipment or system.
	2. Install drain for backflow preventers with atmospheric-vent drain connection with air-gap fitting, fixed air-gap fitting, or equivalent positive pipe separation of at least two pipe diameters in drain piping and pipe to floor drain.  Locate air-gap...
	3. Do not install bypass piping around backflow preventers.

	C. Install water regulators with inlet and outlet shutoff valves and bypass with memory-stop balancing valve.  Install pressure gages on inlet and outlet.
	D. Install water control valves with inlet and outlet shutoff valves and bypass with globe valve.  Install pressure gages on inlet and outlet.
	E. Install balancing valves in locations where they can easily be adjusted.
	F. Install temperature-actuated water mixing valves with check stops or shutoff valves on inlets and with shutoff valve on outlet.
	1. Install thermometers and water regulators if specified.
	2. Install cabinet-type units recessed in or surface mounted on wall as specified.

	G. Install Y-pattern strainers for water on supply side of each control valve,water pressure-reducing valve, and pump.
	H. Install outlet boxes recessed in wall.  Install 2-by-4-inch fire-retardant-treated-wood blocking wall reinforcement between studs.  Fire-retardant-treated-wood blocking is specified in Division 06 Section "Rough Carpentry."
	I. Install hose stations with check stops or shutoff valves on inlets and with thermometer on outlet.
	1. Install shutoff valve on outlet if specified.
	2. Install cabinet-type units recessed in or surface mounted on wall as specified.  Install 2-by-4-inch fire-retardant-treated-wood blocking wall reinforcement between studs.  Fire-retardant-treated-wood blocking is specified in Division 06 Section "R...

	J. Install water hammer arresters in water piping according to PDI-WH 201.
	K. Install air vents at high points of water piping. Install drain piping and discharge onto floor drain.
	L. Install supply-type, trap-seal primer valves with outlet piping pitched down toward drain trap a minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting.  Adjust valve for proper flow.
	M. Install drainage-type, trap-seal primer valves as lavatory trap with outlet piping pitched down toward drain trap a minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting.
	N. Install trap-seal primer systems with outlet piping pitched down toward drain trap a minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting.  Adjust system for proper flow.

	3.2 CONNECTIONS
	A. Piping installation requirements are specified in other Division 22 Sections.  Drawings indicate general arrangement of piping and specialties.
	B. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems."
	C. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."

	3.3 LABELING AND IDENTIFYING
	A. Equipment Nameplates and Signs:  Install engraved plastic-laminate equipment nameplate or sign on or near each of the following:
	1. Pressure vacuum breakers.
	2. Intermediate atmospheric-vent backflow preventers.
	3. Reduced-pressure-principal backflow preventers.
	4. Double-check backflow-prevention assemblies.
	5. Dual-check-valve backflow preventers.
	6. Reduced-pressure-detector, fire-protection backflow-preventer assemblies.
	7. Double-check, detector-assembly backflow preventers.
	8. Water pressure-reducing valves.
	9. Calibrated balancing valves.
	10. Primary, thermostatic, water mixing valves.
	11. Manifold, thermostatic, water-mixing-valve assemblies.
	12. Primary water tempering valves.
	13. Outlet boxes.
	14. Hose stations.
	15. Supply-type, trap-seal primer valves.
	16. Trap-seal primer systems.

	B. Distinguish among multiple units, inform operator of operational requirements, indicate safety and emergency precautions, and warn of hazards and improper operations, in addition to identifying unit.  Nameplates and signs are specified in Division ...

	3.4 FIELD QUALITY CONTROL
	A. Perform the following tests and prepare test reports:
	1. Test each reduced-pressure-principal backflow preventer and double-check, detector-assembly backflow preventer according to authorities having jurisdiction and the device's reference standard.

	B. Remove and replace malfunctioning domestic water piping specialties and retest as specified above.

	3.5 ADJUSTING
	A. Set field-adjustable pressure set points of water pressure-reducing valves.
	B. Set field-adjustable flow set points of balancing valves.
	C. Set field-adjustable temperature set points of temperature-actuated water mixing valves.



	221316-sanitary waste and vent piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following for soil, waste, and vent piping inside the building:
	1. Pipe, tube, and fittings.
	2. Encasement for underground metal piping.

	B. Related Sections include the following:
	1. Division 22 Section "Chemical Waste-Systems for Laboratory and Healthcare Facilities" for chemical-waste and vent piping systems.


	1.3 DEFINITIONS
	A. LLDPE:  Linear, low-density polyethylene plastic.
	B. PE:  Polyethylene plastic.
	C. TPE:  Thermoplastic elastomer.

	1.4 PERFORMANCE REQUIREMENTS
	A. Components and installation shall be capable of withstanding the following minimum working pressure, unless otherwise indicated:
	1. Soil, Waste, and Vent Piping:  10-foot head of water.

	B. Seismic Performance:  Soil, waste, and vent piping and support and installation shall be capable of withstanding the effects of seismic events determined according to the NYC Building Code.

	1.5 SUBMITTALS
	A. Product Data:  For pipe, tube, fittings, and couplings.
	B. Shop Drawings:
	1. Design Calculations:  Signed and sealed by a qualified professional engineer for selecting seismic restraints.


	1.6 QUALITY ASSURANCE
	A. Piping materials shall bear label, stamp, or other markings of specified testing agency.
	B. Comply with NSF 14, "Plastics Piping Systems Components and Related Materials," for plastic piping components.  Include marking with "NSF-dwv" for plastic drain, waste, and vent piping; "NSF-drain" for plastic drain piping; "NSF-tubular" for plasti...


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.


	2.2 PIPING MATERIALS
	A. Refer to Part 3 "Piping Applications" Article for applications of pipe, tube, fitting, and joining materials.

	2.3 HUB-AND-SPIGOT, CAST-IRON SOIL PIPE AND FITTINGS
	A. Pipe and Fittings:  ASTM A 74, Extra-Heavy class(es).
	B. Gaskets:  ASTM C 564, rubber.
	C. Calking Materials:  ASTM B 29, pure lead and oakum or hemp fiber.

	2.4 HUBLESS CAST-IRON SOIL PIPE AND FITTINGS
	A. Pipe and Fittings:  ASTM A 888 or CISPI 301.
	B. Shielded Couplings:  ASTM C 1277 assembly of metal shield or housing, corrosion-resistant fasteners, and rubber sleeve with integral, center pipe stop.
	1. Standard, Shielded, Stainless-Steel Couplings:  CISPI 310, with stainless-steel corrugated shield; stainless-steel bands and tightening devices; and ASTM C 564, rubber sleeve.
	a. Manufacturers:
	1) ANACO.
	2) Fernco, Inc.
	3) Tyler Pipe; Soil Pipe Div.



	C. Rigid, Unshielded Couplings:  ASTM C 1461, sleeve-type, reducing- or transition-type mechanical coupling molded from ASTM C 1440, TPE material with corrosion-resistant-metal tension band and tightening mechanism on each end.
	1. Manufacturers:
	a. ANACO.



	2.5 SPECIAL PIPE FITTINGS
	A. Flexible, Non-pressure Pipe Couplings:  Comply with ASTM C 1173, elastomeric, sleeve-type, reducing or transition pattern.  Include shear ring, ends of same sizes as piping to be joined, and corrosion-resistant-metal tension band and tightening mec...
	1. Manufacturers:
	a. Fernco, Inc.
	b. Mission Rubber Co.
	c. NDS, Inc.

	2. Sleeve Materials:
	a. For Cast-Iron Soil Pipes:  ASTM C 564, rubber.
	b. For Plastic Pipes:  ASTM F 477, elastomeric seal or ASTM D 5926, PVC.
	c. For Dissimilar Pipes:  ASTM D 5926, PVC or other material compatible with pipe materials being joined.


	B. Shielded Non-pressure Pipe Couplings:  ASTM C 1460, elastomeric or rubber sleeve with full-length, corrosion-resistant outer shield and corrosion-resistant-metal tension band and tightening mechanism on each end.
	1. Manufacturers:
	a. Cascade Waterworks Mfg. Co.
	b. Mission Rubber Co.


	C. Rigid, Unshielded, Non-pressure Pipe Couplings:  ASTM C 1461, sleeve-type reducing- or transition-type mechanical coupling molded from ASTM C 1440, TPE material with corrosion-resistant-metal tension band and tightening mechanism on each end.
	1. Manufacturers:
	a. ANACO.


	D. Wall-Penetration Fittings:  Compound, ductile-iron coupling fitting with sleeve and flexing sections for up to 20-degree deflection, gaskets, and restrained-joint ends complying with AWWA C110 or AWWA C153.  Include AWWA C111, ductile-iron glands, ...
	1. Manufacturers:
	a. SIGMA Corp.



	2.6 ENCASEMENT FOR UNDERGROUND METAL PIPING
	A. Description:  ASTM A 674 or AWWA C105, high-density, cross laminated PE film of 0.004-inch LLDPE film of 0.008-inch minimum thickness.
	B. Form:  Sheet or tube.
	C. Color:  Black or natural.


	PART 3 -  EXECUTION
	3.1 EXCAVATION
	A. Refer to Division 31 Section "Earth Moving" for excavating, trenching, and backfilling.

	3.2 PIPING APPLICATIONS
	A. Flanges and unions may be used on aboveground pressure piping, unless otherwise indicated.
	B. Aboveground, soil and waste piping NPS 4 and smaller shall be the following:
	1. Hubless cast-iron soil pipe and fittings and sovent stack fittings; standard, shielded, stainless-steel rigid, unshielded couplings; and hubless-coupling joints.
	2. Dissimilar Pipe-Material Couplings: Flexible, Shielded, Rigid, unshielded, non-pressure pipe couplings for joining dissimilar pipe materials with small difference in OD.

	C. Aboveground, vent piping NPS 4 and smaller shall be the following:
	1. Hubless cast-iron soil pipe and fittings; standard, shielded, stainless-steel couplings; and hubless-coupling joints.
	2. Dissimilar Pipe-Material Couplings: Flexible, Shielded, Rigid, unshielded, non-pressure pipe couplings for joining dissimilar pipe materials with small difference in OD.

	D. Underground, soil, waste, and vent piping shall be the following:
	1. Extra-Heavy class, cast-iron soil piping; gaskets; and gasketed joints.


	3.3 PIPING INSTALLATION
	A. Sanitary sewer piping outside the building is specified in Division 22 Section "Facility Sanitary Sewers."
	B. Basic piping installation requirements are specified in Division 22 Section "Common Work Results for Plumbing."
	C. Install seismic restraints on piping.  Seismic-restraint devices are specified in Division 22 Section "Vibration and Seismic Controls for Plumbing Piping and Equipment."
	D. Install cleanouts at grade and extend to where building sanitary drains connect to building sanitary sewers.
	E. Install underground, ductile-iron, special pipe fittings according to AWWA C600.
	F. Install cast-iron sleeve with water stop and mechanical sleeve seal at each service pipe penetration through foundation wall.  Select number of interlocking rubber links required to make installation watertight.  Sleeves and mechanical sleeve seals...
	G. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings."
	1. Install encasement on underground piping according to ASTM A 674 or AWWA C105.

	H. Make changes in direction for soil and waste drainage and vent piping using appropriate branches, bends, and long-sweep bends.  Sanitary tees and short-sweep 1/4 bends may be used on vertical stacks if change in direction of flow is from horizontal...
	I. Lay buried building drainage piping beginning at low point of each system.  Install true to grades and alignment indicated, with unbroken continuity of invert.  Place hub ends of piping upstream.  Install required gaskets according to manufacturer'...
	J. Install soil and waste drainage and vent piping at the following minimum slopes, unless otherwise indicated:
	1. Building Sanitary Drain:  2 percent downward in direction of flow for piping NPS 3 and smaller; 1 percent downward in direction of flow for piping NPS 4 and larger.
	2. Horizontal Sanitary Drainage Piping:  2 percent downward in direction of flow.
	3. Vent Piping:  1 percent down toward vertical fixture vent or toward vent stack.

	K. Sleeves are not required for cast-iron soil piping passing through concrete slabs-on-grade if slab is without membrane waterproofing.
	L. Do not enclose, cover, or put piping into operation until it is inspected and approved by authorities having jurisdiction.

	3.4 JOINT CONSTRUCTION
	A. Basic piping joint construction requirements are specified in Division 22 Section "Common Work Results for Plumbing."
	B. Join hub-and-spigot, cast-iron soil piping with gasket joints according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for compression joints.
	C. Join hub-and-spigot, cast-iron soil piping with calked joints according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for lead and oakum calked joints.
	D. Join hubless cast-iron soil piping according to CISPI 310 and CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for hubless-coupling joints.

	3.5 VALVE INSTALLATION
	A. General valve installation requirements are specified in Division 22 Section "General-Duty Valves for Plumbing Piping."
	B. Check Valves:  Install swing check valve, between pump and shutoff valve, on each sewage pump discharge.
	C. Backwater Valves:  Install backwater valves in piping subject to sewage backflow.
	1. Horizontal Piping:  Horizontal backwater valves. Use normally closed type, unless otherwise indicated.
	2. Floor Drains:  Drain outlet backwater valves, unless drain has integral backwater valve.
	3. Install backwater valves in accessible locations.
	4. Backwater valve are specified in Division 22 Section "Sanitary Waste Piping Specialties."


	3.6 HANGER AND SUPPORT INSTALLATION
	A. Seismic-restraint devices are specified in Division 22 Section "Vibration and Seismic Controls for Plumbing Piping and Equipment."
	B. Pipe hangers and supports are specified in Division 22 Section "Hangers and Supports for Plumbing Piping and Equipment." Install the following:
	1. Vertical Piping:  MSS Type 8 or Type 42, clamps.
	2. Install individual, straight, horizontal piping runs according to the following:
	a. 100 Feet and Less:  MSS Type 1, adjustable, steel clevis hangers.
	b. Longer Than 100 Feet:  MSS Type 43, adjustable roller hangers.
	c. Longer Than 100 Feet, if Indicated:  MSS Type 49, spring cushion rolls.

	3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer:  MSS Type 44, pipe rolls.  Support pipe rolls on trapeze.
	4. Base of Vertical Piping:  MSS Type 52, spring hangers.

	C. Install supports according to Division 22 Section "Hangers and Supports for Plumbing Piping and Equipment."
	D. Support vertical piping and tubing at base and at each floor.
	E. Rod diameter may be reduced 1 size for double-rod hangers, with 3/8-inch minimum rods.
	F. Install hangers for cast-iron soil piping with the following maximum horizontal spacing and minimum rod diameters:
	1. NPS 1-1/2 and NPS 2:  60 inches with 3/8-inch rod.
	2. NPS 3:  60 inches with 1/2-inch rod.
	3. NPS 4 and NPS 5:  60 inches with 5/8-inch rod.
	4. NPS 6:  60 inches with 3/4-inch rod.
	5. NPS 8 to NPS 12:  60 inches with 7/8-inch rod.

	G. Install supports for vertical cast-iron soil piping every 15 feet.
	H. Install hangers for steel piping with the following maximum horizontal spacing and minimum rod diameters:
	1. NPS 1-1/4:  84 inches with 3/8-inch rod.
	2. NPS 1-1/2:  108 inches with 3/8-inch rod.
	3. NPS 2:  10 feet with 3/8-inch rod.
	4. NPS 2-1/2:  11 feet with 1/2-inch rod.
	5. NPS 3:  12 feet with 1/2-inch rod.
	6. NPS 4 and NPS 5:  12 feet with 5/8-inch rod.
	7. NPS 6:  12 feet with 3/4-inch rod.
	8. NPS 8 to NPS 12:  12 feet with 7/8-inch rod.

	I. Install supports for vertical steel piping every 15 feet.
	J. Install hangers for stainless-steel piping with the following maximum horizontal spacing and minimum rod diameters:
	1. NPS 2:  84 inches with 3/8-inch rod.
	2. NPS 3:  96 inches with 1/2-inch rod.
	3. NPS 4:  108 inches with 1/2-inch rod.
	4. NPS 6:  10 feet with 5/8-inch rod.

	K. Install supports for vertical stainless-steel piping every 10 feet.
	L. Install hangers for copper tubing with the following maximum horizontal spacing and minimum rod diameters:
	1. NPS 1-1/4:  72 inches with 3/8-inch rod.
	2. NPS 1-1/2 and NPS 2:  96 inches with 3/8-inch rod.
	3. NPS 2-1/2:  108 inches with 1/2-inch rod.
	4. NPS 3 to NPS 5:  10 feet with 1/2-inch rod.
	5. NPS 6:  10 feet with 5/8-inch rod.
	6. NPS 8:  10 feet with 3/4-inch rod.

	M. Install supports for vertical copper tubing every 10 feet.
	N. Support piping and tubing not listed above according to MSS SP-69 and manufacturer's written instructions.

	3.7 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Connect soil and waste piping to exterior sanitary sewerage piping.  Use transition fitting to join dissimilar piping materials.
	C. Connect drainage and vent piping to the following:
	1. Plumbing Fixtures:  Connect drainage piping in sizes indicated, but not smaller than required by plumbing code.
	2. Plumbing Fixtures and Equipment:  Connect atmospheric vent piping in sizes indicated, but not smaller than required by authorities having jurisdiction.
	3. Plumbing Specialties:  Connect drainage and vent piping in sizes indicated, but not smaller than required by plumbing code.
	4. Equipment:  Connect drainage piping as indicated.  Provide shutoff valve, if indicated, and union for each connection.  Use flanges instead of unions for connections NPS 2-1/2 and larger.


	3.8 FIELD QUALITY CONTROL
	A. During installation, notify authorities having jurisdiction at least 24 hours before inspection must be made.  Perform tests specified below in presence of authorities having jurisdiction.
	1. Roughing-in Inspection:  Arrange for inspection of piping before concealing or closing-in after roughing-in and before setting fixtures.
	2. Final Inspection:  Arrange for final inspection by authorities having jurisdiction to observe tests specified below and to ensure compliance with requirements.

	B. Reinspection:  If authorities having jurisdiction find that piping will not pass test or inspection, make required corrections and arrange for reinspection.
	C. Reports:  Prepare inspection reports and have them signed by authorities having jurisdiction.
	D. Test sanitary drainage and vent piping according to procedures of authorities having jurisdiction or, in absence of published procedures, as follows:
	1. Test for leaks and defects in new piping and parts of existing piping that have been altered, extended, or repaired.  If testing is performed in segments, submit separate report for each test, complete with diagram of portion of piping tested.
	2. Leave uncovered and unconcealed new, altered, extended, or replaced drainage and vent piping until it has been tested and approved.  Expose work that was covered or concealed before it was tested.
	3. Roughing-in Plumbing Test Procedure:  Test drainage and vent piping, except outside leaders, on completion of roughing-in.  Close openings in piping system and fill with water to point of overflow, but not less than 10-foot head of water.  From 15 ...
	4. Finished Plumbing Test Procedure:  After plumbing fixtures have been set and traps filled with water, test connections and prove they are gastight and watertight.  Plug vent-stack openings on roof and building drains where they leave building.  Int...
	5. Repair leaks and defects with new materials and retest piping, or portion thereof, until satisfactory results are obtained.
	6. Prepare reports for tests and required corrective action.


	3.9 CLEANING
	A. Clean interior of piping.  Remove dirt and debris as work progresses.
	B. Protect drains during remainder of construction period to avoid clogging with dirt and debris and to prevent damage from traffic and construction work.
	C. Place plugs in ends of uncompleted piping at end of day and when work stops.



	221319-sanitary waste piping specialties
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following sanitary drainage piping specialties:
	1. Backwater valves.
	2. Cleanouts.
	3. Floor drains.
	4. Roof flashing assemblies.
	5. Through-penetration firestop assemblies.
	6. Miscellaneous sanitary drainage piping specialties.
	7. Flashing materials.
	8. Solids interceptors.

	B. Related Sections include the following:
	1. Division 22 Section "Storm Drainage Piping Specialties" for trench drains for storm water, channel drainage systems for storm water, roof drains, and catch basins.
	2. Division 22 Section "Plumbing Fixtures" for hair interceptors.


	1.3 DEFINITIONS
	A. ABS:  Acrylonitrile-butadiene-styrene plastic.

	1.4 SUBMITTALS
	A. Shop Drawings:  Show fabrication and installation details for frost-resistant vent terminals.
	B. Operation and Maintenance Data:  For drainage piping specialties to include in emergency, operation, and maintenance manuals.

	1.5 QUALITY ASSURANCE
	A. Drainage piping specialties shall bear label, stamp, or other markings of specified testing agency.
	B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.


	PART 2 -  PRODUCTS
	2.1 BACKWATER VALVES
	A. Horizontal, Cast-Iron Backwater Valves:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Josam Company; Josam Div.
	b. Smith, Jay R. Mfr. Co.; Division of Smith Industries, Inc.
	c. Watts Drainage Products Inc.
	d. Zurn Plumbing Products Group; Specification Drainage Operation.


	B. Drain-Outlet Backwater Valves:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Josam Company; Josam Div.
	b. Smith, Jay R. Mfr. Co.; Division of Smith Industries, Inc.
	c. Watts Drainage Products Inc.
	d. Zurn Plumbing Products Group; Specification Drainage Operation.

	2. Size:  Same as floor drain outlet.
	3. Body:  Cast iron or bronze made for vertical installation in bottom outlet of floor drain.
	4. Check Valve:  Removable ball float.
	5. Inlet:  Threaded.
	6. Outlet:  Threaded or spigot.


	2.2 CLEANOUTS
	A. Exposed Metal Cleanouts:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Josam Company; Josam Div.
	b. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
	c. Watts Drainage Products Inc.
	d. Zurn Plumbing Products Group; Specification Drainage Operation.


	B. Metal Floor Cleanouts:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Josam Company; Josam Div.
	b. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
	c. Zurn Plumbing Products Group; Light Commercial Operation.
	d. Zurn Plumbing Products Group; Specification Drainage Operation.


	C. Cast-Iron Wall Cleanouts:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Josam Company; Josam Div.
	b. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
	c. Watts Drainage Products Inc.
	d. Zurn Plumbing Products Group; Specification Drainage Operation.



	2.3 FLOOR DRAINS
	A. Cast-Iron Floor Drains:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Josam Company; Josam Div.
	b. Watts Drainage Products Inc.
	c. Zurn Plumbing Products Group; Light Commercial Operation.
	d. Zurn Plumbing Products Group; Specification Drainage Operation.


	B. Stainless-Steel Floor Drains Insert drawing designation if any:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Josam Company; Josam Div.
	b. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
	c. Watts Drainage Products Inc.
	d. Zurn Plumbing Products Group; Specification Drainage Operation.



	2.4 TRENCH DRAINS
	A. Trench Drains:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Josam Company; Josam Div.
	b. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
	c. Watts Drainage Products Inc.
	d. Zurn Plumbing Products Group; Specification Drainage Operation.



	2.5 ROOF FLASHING ASSEMBLIES
	A. Roof Flashing Assemblies:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Acorn Engineering Company; Elmdor/Stoneman Div.
	b. Thaler Metal Industries Ltd.


	B. Description:  Manufactured assembly made of 6.0-lb/sq. ft., 0.0938-inch thick, lead flashing collar and skirt extending at least 10 inches  from pipe, with galvanized-steel boot reinforcement and counterflashing fitting.
	1. Open-Top Vent Cap:  Without cap.
	2. Low-Silhouette Vent Cap:  With vandal-proof vent cap.
	3. Extended Vent Cap:  With field-installed, vandal-proof vent cap.


	2.6 THROUGH-PENETRATION FIRESTOP ASSEMBLIES
	A. Through-Penetration Firestop Assemblies:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. ProSet Systems Inc.

	2. Standard:  UL 1479 assembly of sleeve and stack fitting with firestopping plug.
	3. Size:  Same as connected soil, waste, or vent stack.
	4. Sleeve:  Molded PVC plastic, of length to match slab thickness and with integral nailing flange on one end for installation in cast-in-place concrete slabs.
	5. Stack Fitting:  ASTM A 48/A 48M, gray-iron, hubless-pattern, wye branch with neoprene O-ring at base and gray-iron plug in thermal-release harness.  Include PVC protective cap for plug.
	6. Special Coating:  Corrosion resistant on interior of fittings.


	2.7 MISCELLANEOUS SANITARY DRAINAGE PIPING SPECIALTIES
	A. Deep-Seal Traps:
	1. Description:  Cast-iron or bronze casting, with inlet and outlet matching connected piping and trap guard.  Trap guard shall be as specified on below.
	2. Size:  Same as connected waste piping.
	a. NPS 2:  4-inch minimum water seal.
	b. NPS 2-1/2 and Larger:  5-inch minimum water seal.


	B. Trap Guard:
	1. Description:  Proset trap guard, elastomeric PVC material insert, open on top with curl closure on bottom.
	2. Size:  Same to match drainpipe.

	C. Air-Gap Fittings:
	1. Standard:  ASME A112.1.2, for fitting designed to ensure fixed, positive air gap between installed inlet and outlet piping.
	2. Body:  Bronze or cast iron.
	3. Inlet:  Opening in top of body.
	4. Outlet:  Larger than inlet.
	5. Size:  Same as connected waste piping and with inlet large enough for associated indirect waste piping.

	D. Sleeve Flashing Device:
	1. Description:  Manufactured, cast-iron fitting, with clamping device, that forms sleeve for pipe floor penetrations of floor membrane.  Include galvanized-steel pipe extension in top of fitting that will extend 2 inches above finished floor and galv...
	2. Size:  As required for close fit to riser or stack piping.

	E. Stack Flashing Fittings:
	1. Description:  Counterflashing-type, cast-iron fitting, with bottom recess for terminating roof membrane, and with threaded or hub top for extending vent pipe.
	2. Size:  Same as connected stack vent or vent stack.

	F. Vent Caps:
	1. Description:  Cast-iron body with threaded or hub inlet and vandal-proof design.  Include vented hood and setscrews to secure to vent pipe.
	2. Size:  Same as connected stack vent or vent stack.


	2.8 FLASHING MATERIALS
	A. Lead Sheet:  ASTM B 749, Type L51121, copper bearing, with the following minimum weights and thicknesses, unless otherwise indicated:
	1. General Use:  4.0-lb/sq. ft., 0.0625-inch thickness.
	2. Vent Pipe Flashing:  3.0-lb/sq. ft., 0.0469-inch thickness.
	3. Burning:  6-lb/sq. ft., 0.0938-inch thickness.

	B. Copper Sheet:  ASTM B 152/B 152M, of the following minimum weights and thicknesses, unless otherwise indicated:
	1. General Applications:  12 oz./sq. ft..
	2. Vent Pipe Flashing:  8 oz./sq. ft..

	C. Zinc-Coated Steel Sheet:  ASTM A 653/A 653M, with 0.20 percent copper content and 0.04-inch minimum thickness, unless otherwise indicated.  Include G90 hot-dip galvanized, mill-phosphatized finish for painting if indicated.
	D. Fasteners:  Metal compatible with material and substrate being fastened.
	E. Metal Accessories:  Sheet metal strips, clamps, anchoring devices, and similar accessory units required for installation; matching or compatible with material being installed.
	F. Solder:  ASTM B 32, lead-free alloy.
	G. Bituminous Coating:  SSPC-Paint 12, solvent-type, bituminous mastic.

	2.9 SOLIDS INTERCEPTORS
	A. Solids Interceptors:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Josam Company; Josam Div.
	b. MIFAB, Inc.
	c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
	d. Watts Drainage Products Inc.
	e. Zurn Plumbing Products Group; Specification Drainage Operation.



	2.10 MOTORS
	A. General requirements for motors are specified in Division 22 Section "Common Motor Requirements for Plumbing Equipment."
	1. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven load will not require motor to operate in service factor range above 1.0.
	2. Controllers, Electrical Devices, and Wiring:  Electrical devices and connections are specified in Division 26 Sections.



	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Refer to Division 22 Section "Common Work Results for Plumbing" for piping joining materials, joint construction, and basic installation requirements.
	B. Install backwater valves in building drain piping.  For interior installation, provide cleanout deck plate flush with floor and centered over backwater valve cover, and of adequate size to remove valve cover for servicing.
	C. Install cleanouts in aboveground piping and building drain piping according to the following, unless otherwise indicated:
	1. Size same as drainage piping up to NPS 4.  Use NPS 4 for larger drainage piping unless larger cleanout is indicated.
	2. Locate at each change in direction of piping greater than 45 degrees.
	3. Locate at minimum intervals of 50 feet for piping NPS 4 and smaller and 100 feet for larger piping.
	4. Locate at base of each vertical soil and waste stack.

	D. For floor cleanouts for piping below floors, install cleanout deck plates with top flush with finished floor.
	E. For cleanouts located in concealed piping, install cleanout wall access covers, of types indicated, with frame and cover flush with finished wall.
	F. Install floor drains at low points of surface areas to be drained.  Set grates of drains flush with finished floor, unless otherwise indicated.
	1. Position floor drains for easy access and maintenance.
	2. Set floor drains below elevation of surrounding finished floor to allow floor drainage.  Set with grates depressed according to the following drainage area radii:
	a. Radius, 30 Inches or Less:  Equivalent to 1 percent slope, but not less than 1/4-inch total depression.
	b. Radius, 30 to 60 Inches:  Equivalent to 1 percent slope.
	c. Radius, 60 Inches or Larger:  Equivalent to 1 percent slope, but not greater than 1-inch total depression.

	3. Install floor-drain flashing collar or flange so no leakage occurs between drain and adjoining flooring.  Maintain integrity of waterproof membranes where penetrated.
	4. Install individual traps for floor drains connected to sanitary building drain, unless otherwise indicated.

	G. Assemble and install ASME A112.3.1, stainless-steel channel drainage systems according to ASME A112.3.1.  Install on support devices so that top will be flush with surface.
	H. Assemble non-ASME A112.3.1, stainless-steel channel drainage system components according to manufacturer's written instructions.  Install on support devices so that top will be flush with adjacent surface.
	I. Assemble plastic channel drainage system components according to manufacturer's written instructions.  Install on support devices so that top will be flush with adjacent surface.
	J. Install roof flashing assemblies on sanitary stack vents and vent stacks that extend through roof.
	K. Install flashing fittings on sanitary stack vents and vent stacks that extend through roof.
	L. Install through-penetration firestop assemblies in plastic conductors and stacks at floor penetrations.
	M. Assemble open drain fittings and install with top of hub 2 inches above floor.
	N. Install deep-seal traps on floor drains and other waste outlets, if indicated.
	O. Install floor-drain, trap-seal primer fittings on inlet to floor drains that require trap-seal primer connection.
	1. Exception:  Fitting may be omitted if trap has trap-seal primer connection.
	2. Size:  Same as floor drain inlet.

	P. Install air-gap fittings on draining-type backflow preventers and on indirect-waste piping discharge into sanitary drainage system.
	Q. Install sleeve flashing device with each riser and stack passing through floors with waterproof membrane.
	R. Install vent caps on each vent pipe passing through roof.
	S. Install frost-proof vent caps on each vent pipe passing through roof.  Maintain 1-inch clearance between vent pipe and roof substrate.
	T. Install solids interceptors with cleanout immediately downstream from interceptors that do not have integral cleanout on outlet.  Install trap on interceptors that do not have integral trap and are connected to sanitary drainage and vent systems.
	U. Install wood-blocking reinforcement for wall-mounting-type specialties.
	V. Install traps on plumbing specialty drain outlets.  Omit traps on indirect wastes unless trap is indicated.
	W. Install escutcheons at wall, floor, and ceiling penetrations in exposed finished locations and within cabinets and millwork.  Use deep-pattern escutcheons if required to conceal protruding pipe fittings.

	3.2 CONNECTIONS
	A. Piping installation requirements are specified in other Division 22 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to equipment to allow service and maintenance.
	C. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems."
	D. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."

	3.3 FLASHING INSTALLATION
	A. Fabricate flashing from single piece unless large pans, sumps, or other drainage shapes are required.  Join flashing according to the following if required:
	1. Lead Sheets:  Burn joints of lead sheets 6.0-lb/sq. ft., 0.0938-inch thickness or thicker.  Solder joints of lead sheets 4.0-lb/sq. ft., 0.0625-inch thickness or thinner.
	2. Copper Sheets:  Solder joints of copper sheets.

	B. Install sheet flashing on pipes, sleeves, and specialties passing through or embedded in floors and roofs with waterproof membrane.
	1. Pipe Flashing:  Sleeve type, matching pipe size, with minimum length of 10 inches, and skirt or flange extending at least 8 inches around pipe.
	2. Sleeve Flashing:  Flat sheet, with skirt or flange extending at least 8 inches around sleeve.
	3. Embedded Specialty Flashing:  Flat sheet, with skirt or flange extending at least 8 inches around specialty.

	C. Set flashing on floors and roofs in solid coating of bituminous cement.
	D. Secure flashing into sleeve and specialty clamping ring or device.
	E. Install flashing for piping passing through roofs with counterflashing or commercially made flashing fittings, according to Division 07 Section "Sheet Metal Flashing and Trim."
	F. Extend flashing up vent pipe passing through roofs and turn down into pipe, or secure flashing into cast-iron sleeve having calking recess.
	G. Fabricate and install flashing and pans, sumps, and other drainage shapes.

	3.4 LABELING AND IDENTIFYING
	A. Distinguish among multiple units, inform operator of operational requirements, indicate safety and emergency precautions, and warn of hazards and improper operations, in addition to identifying unit.  Nameplates and signs are specified in Division ...

	3.5 FIELD QUALITY CONTROL
	A. Tests and Inspections:
	1. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no leaks exist.
	2. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.


	3.6 PROTECTION
	A. Protect drains during remainder of construction period to avoid clogging with dirt or debris and to prevent damage from traffic or construction work.
	B. Place plugs in ends of uncompleted piping at end of each day or when work stops.



	224000-plumbing fixtures
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following conventional plumbing fixtures and related components:
	1. Faucets
	2. Flushometers.
	3. Toilet Seats.
	4. Protective shielding guards.
	5. Fixture supports.
	6. Water closets.
	7. Lavatories.
	8. Commercial Sinks.
	9. Service Sinks.

	B. Related Sections include the following:
	1. Division 22 Section "Domestic Water Piping Specialties" for backflow preventers, floor drains, and specialty fixtures not included in this Section.
	2. Division 22 Section "Emergency Plumbing Fixtures."
	3. Division 22 Section "Drinking Fountains and Water Coolers."
	4. Division 22 Section "Facility Water Distribution Piping" for exterior plumbing fixtures and hydrants.


	1.3 DEFINITIONS
	A. ABS:  Acrylonitrile-butadiene-styrene plastic.
	B. Accessible Fixture:  Plumbing fixture that can be approached, entered, and used by people with disabilities.
	C. Cast Polymer:  Cast-filled-polymer-plastic material.  This material includes cultured-marble and solid-surface materials.
	D. Cultured Marble:  Cast-filled-polymer-plastic material with surface coating.
	E. Fitting:  Device that controls the flow of water into or out of the plumbing fixture.  Fittings specified in this Section include supplies and stops, faucets and spouts, shower heads and tub spouts, drains and tailpieces, and traps and waste pipes....
	F. FRP:  Fiberglass-reinforced plastic.
	G. PMMA:  Polymethyl methacrylate (acrylic) plastic.
	H. PVC:  Polyvinyl chloride plastic.
	I. Solid Surface:  Nonporous, homogeneous, cast-polymer-plastic material with heat-, impact-, scratch-, and stain-resistance qualities.

	1.4 SUBMITTALS
	A. Product Data:  For each type of plumbing fixture indicated.  Include selected fixture and trim, fittings, accessories, appliances, appurtenances, equipment, and supports.  Indicate materials and finishes, dimensions, construction details, and flow-...
	B. Shop Drawings:  Diagram power, signal, and control wiring.
	C. Operation and Maintenance Data:  For plumbing fixtures to include in emergency, operation, and maintenance manuals.
	D. Warranty:  Special warranty specified in this Section.

	1.5 QUALITY ASSURANCE
	A. Source Limitations:  Obtain plumbing fixtures, faucets, and other components of each category through one source from a single manufacturer.
	1. Exception:  If fixtures, faucets, or other components are not available from a single manufacturer, obtain similar products from other manufacturers specified for that category.

	B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	C. Regulatory Requirements:  Comply with requirements in ICC A117.1, "Accessible and Usable Buildings and Facilities"; Public Law 90-480, "Architectural Barriers Act"; and Public Law 101-336, "Americans with Disabilities Act"; for plumbing fixtures fo...
	D. Regulatory Requirements:  Comply with requirements in Public Law 102-486, "Energy Policy Act," about water flow and consumption rates for plumbing fixtures.
	E. NSF Standard:  Comply with NSF 61, "Drinking Water System Components--Health Effects," for fixture materials that will be in contact with potable water.
	F. Select combinations of fixtures and trim, faucets, fittings, and other components that are compatible.
	G. Comply with the following applicable standards and other requirements specified for plumbing fixtures:
	1. Enameled, Cast-Iron Fixtures:  ASME A112.19.1M.
	2. Porcelain-Enameled, Formed-Steel Fixtures:  ASME A112.19.4M.
	3. Slip-Resistant Bathing Surfaces:  ASTM F 462.
	4. Vitreous-China Fixtures:  ASME A112.19.2M.
	5. Water-Closet, Flush Valve, Tank Trim:  ASME A112.19.5.
	6. Water-Closet, Flushometer Tank Trim:  ASSE 1037.

	H. Comply with the following applicable standards and other requirements specified for miscellaneous fittings:
	1. Atmospheric Vacuum Breakers:  ASSE 1001.
	2. Brass and Copper Supplies:  ASME A112.18.1.
	3. Manual-Operation Flushometers:  ASSE 1037.
	4. Plastic Tubular Fittings:  ASTM F 409.
	5. Brass Waste Fittings:  ASME A112.18.2.
	6. Sensor-Operation Flushometers:  ASSE 1037 and UL 1951.

	I. Comply with the following applicable standards and other requirements specified for miscellaneous components:
	1. Flexible Water Connectors:  ASME A112.18.6.
	2. Floor Drains:  ASME A112.6.3.
	3. Grab Bars:  ASTM F 446.
	4. Hose-Coupling Threads:  ASME B1.20.7.
	5. Off-Floor Fixture Supports:  ASME A112.6.1M.
	6. Pipe Threads:  ASME B1.20.1.
	7. Supply and Drain Protective Shielding Guards:  ICC A117.1.


	1.6 EXTRA MATERIALS
	A. Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Faucet Washers and O-Rings:  Equal to 10 percent of amount of each type and size installed.
	2. Faucet Cartridges and O-Rings:  Equal to 5 percent of amount of each type and size installed.
	3. Flushometer Valve, Repair Kits:  Equal to 10 percent of amount of each type installed, but no fewer than 12 of each type.
	4. Provide hinged-top wood or metal box, or individual metal boxes, with separate compartments for each type and size of extra materials listed above.
	5. Flushometer Tank, Repair Kits:  Equal to 5 percent of amount of each type installed, but no fewer than 2 of each type.
	6. Water-Closet Tank, Repair Kits:  Equal to 5 percent of amount of each type installed.



	PART 2 -  PRODUCTS
	2.1 LAVATORY FAUCETS
	A. Lavatory Faucets:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. American Standard Companies, Inc.
	b. Elkay Manufacturing Co.
	c. Kohler Co.



	2.2 SINK FAUCETS
	A. Sink Faucets:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. American Standard Companies, Inc.
	b. Eljer.
	c. Elkay Manufacturing Co.



	2.3 FLUSHOMETERS
	A. Flushometers, :
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Delta Faucet Company.
	b. Sloan Valve Company.
	c. Zurn Plumbing Products Group; Commercial Brass Operation.



	2.4 TOILET SEATS
	A. Toilet Seats, :
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. American Standard Companies, Inc.
	b. Church Seats.
	c. Olsonite Corp.



	2.5 PROTECTIVE SHIELDING GUARDS
	A. Protective Shielding Pipe Covers, :
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Engineered Brass Co.
	b. Insul-Tect Products Co.; a Subsidiary of MVG Molded Products.
	c. McGuire Manufacturing Co., Inc.
	d. Plumberex Specialty Products Inc.
	e. TCI Products.
	f. TRUEBRO, Inc.
	g. Zurn Plumbing Products Group; Tubular Brass Plumbing Products Operation.

	3. Description:  Manufactured plastic wraps for covering plumbing fixture hot- and cold-water supplies and trap and drain piping.  Comply with Americans with Disabilities Act (ADA) requirements.

	B. Protective Shielding Piping Enclosures:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. TRUEBRO, Inc.

	2. Description:  Manufactured plastic enclosure for covering plumbing fixture hot- and cold-water supplies and trap and drain piping.  Comply with ADA requirements.


	2.6 FIXTURE SUPPORTS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Josam Company.
	2. MIFAB Manufacturing Inc.
	3. Smith, Jay R. Mfg. Co.
	4. Tyler Pipe; Wade Div.
	5. Watts Drainage Products Inc.; a div. of Watts Industries, Inc.
	6. Zurn Plumbing Products Group; Specification Drainage Operation.

	C. Water-Closet Supports:
	1. Description:  Combination carrier designed for mounting height of wall-mounting, water-closet-type fixture.  Include single or double, vertical or horizontal, hub-and-spigot or hubless waste fitting as required for piping arrangement; faceplates; c...

	D. Lavatory Supports:
	1. Description: Lavatory carrier with concealed arms and tie rod for wall-mounting, lavatory-type fixture.  Include steel uprights with feet.
	2. Accessible-Fixture Support:  Include rectangular steel uprights.

	E. Sink Supports:
	1. Description:  Sink carrier with hanger plate, bearing studs, and tie rod for sink-type fixture.  Include steel uprights with feet.


	2.7 WATER CLOSETS
	A. Water Closets:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. American Standard Companies, Inc.
	b. Crane Plumbing, L.L.C./Fiat Products.
	c. Kohler Co.



	2.8 LAVATORIES
	A. Lavatories:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. American Standard Companies, Inc.
	b. Eljer.
	c. Kohler Co.



	2.9 COMMERCIAL SINKS
	A. Commercial Sinks:
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	a. Elkay Manufacturing Co.
	b. Metal Masters Foodservice Equipment Co., Inc.




	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in of water supply and sanitary drainage and vent piping systems to verify actual locations of piping connections before plumbing fixture installation.
	B. Examine cabinets, counters, floors, and walls for suitable conditions where fixtures will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Assemble plumbing fixtures, trim, fittings, and other components according to manufacturers' written instructions.
	B. Install off-floor supports, affixed to building substrate, for wall-mounting fixtures.
	1. Use carrier supports with waste fitting and seal for back-outlet fixtures.
	2. Use carrier supports without waste fitting for fixtures with tubular waste piping.
	3. Use chair-type carrier supports with rectangular steel uprights for accessible fixtures.

	C. Install back-outlet, wall-mounting fixtures onto waste fitting seals and attach to supports.
	D. Install floor-mounting fixtures on closet flanges or other attachments to piping or building substrate.
	E. Install wall-mounting fixtures with tubular waste piping attached to supports.
	F. Install floor-mounting, back-outlet water closets attached to building floor substrate and wall bracket and onto waste fitting seals.
	G. Install counter-mounting fixtures in and attached to casework.
	H. Install fixtures level and plumb according to roughing-in drawings.
	I. Install water-supply piping with stop on each supply to each fixture to be connected to water distribution piping.  Attach supplies to supports or substrate within pipe spaces behind fixtures.  Install stops in locations where they can be easily re...
	1. Exception:  Use ball, gate, or globe valves if supply stops are not specified with fixture.  Valves are specified in Division 22 Section "General-Duty Valves for Plumbing Piping."

	J. Install trap and tubular waste piping on drain outlet of each fixture to be directly connected to sanitary drainage system.
	K. Install tubular waste piping on drain outlet of each fixture to be indirectly connected to drainage system.
	L. Install flushometer valves for accessible water closets and urinals with handle mounted on wide side of compartment.  Install other actuators in locations that are easy for people with disabilities to reach.
	M. Install tanks for accessible, tank-type water closets with lever handle mounted on wide side of compartment.
	N. Install toilet seats on water closets.
	O. Install trap-seal liquid in dry urinals.
	P. Install faucet-spout fittings with specified flow rates and patterns in faucet spouts if faucets are not available with required rates and patterns.  Include adapters if required.
	Q. Install water-supply flow-control fittings with specified flow rates in fixture supplies at stop valves.
	R. Install faucet flow-control fittings with specified flow rates and patterns in faucet spouts if faucets are not available with required rates and patterns.  Include adapters if required.
	S. Install shower flow-control fittings with specified maximum flow rates in shower arms.
	T. Install traps on fixture outlets.
	1. Exception:  Omit trap on fixtures with integral traps.
	2. Exception:  Omit trap on indirect wastes, unless otherwise indicated.

	U. Install dishwasher air-gap fitting at each sink indicated to have air-gap fitting.  Install in sink deck or on countertop at sink.  Connect inlet hose to dishwasher and outlet hose to disposer.
	V. Install escutcheons at piping wall ceiling penetrations in exposed, finished locations and within cabinets and millwork.  Use deep-pattern escutcheons if required to conceal protruding fittings.  Escutcheons are specified in Division 22 Section "Co...
	W. Seal joints between fixtures and walls, floors, and countertops using sanitary-type, one-part, mildew-resistant silicone sealant.  Match sealant color to fixture color.  Sealants are specified in Division 07 Section "Joint Sealants."

	3.3 CONNECTIONS
	A. Piping installation requirements are specified in other Division 22 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent piping.  Use size fittings required to match fixtures.
	C. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems."
	D. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."

	3.4 FIELD QUALITY CONTROL
	A. Verify that installed plumbing fixtures are categories and types specified for locations where installed.
	B. Check that plumbing fixtures are complete with trim, faucets, fittings, and other specified components.
	C. Inspect installed plumbing fixtures for damage.  Replace damaged fixtures and components.
	D. Test installed fixtures after water systems are pressurized for proper operation.  Replace malfunctioning fixtures and components, then retest.  Repeat procedure until units operate properly.
	E. Install fresh batteries in sensor-operated mechanisms.

	3.5 ADJUSTING
	A. Operate and adjust faucets and controls.  Replace damaged and malfunctioning fixtures, fittings, and controls.
	B. Adjust water pressure at faucets and flushometer valves to produce proper flow and stream.
	C. Replace washers and seals of leaking and dripping faucets and stops.
	D. Install fresh batteries in sensor-operated mechanisms.

	3.6 CLEANING
	A. Clean fixtures, faucets, and other fittings with manufacturers' recommended cleaning methods and materials.  Do the following:
	1. Remove faucet spouts and strainers, remove sediment and debris, and reinstall strainers and spouts.
	2. Remove sediment and debris from drains.

	B. After completing installation of exposed, factory-finished fixtures, faucets, and fittings, inspect exposed finishes and repair damaged finishes.

	3.7 PROTECTION
	A. Provide protective covering for installed fixtures and fittings.
	B. Do not allow use of plumbing fixtures for temporary facilities unless approved in writing by Owner.



	230130 fl - hvac air duct cleaning
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes cleaning of the following duct systems:
	1. Supply system.
	2. Return system.
	3. Exhaust system.


	1.3 DEFINITIONS
	A. ASCS:  Air system cleaning specialist.
	B. NADCA:  National Air Duct Cleaners Association.
	C. SMACNA:  Sheet Metal and Air Conditioning Contractors' National Association.

	1.4 SUBMITTALS
	A. Manufacturer Certificates:  Signed by manufacturers certifying that products comply with requirements.
	B. Qualification Data:  For ASCS.
	C. Field quality-control test reports.

	1.5 QUALITY ASSURANCE
	A. ASCS Qualifications:  A member of a nationally recognized nonprofit industry organization dedicated to the cleaning of HVAC systems.
	1. Certification:  Employ a staff of ASCSs certified by a nationally recognized certification program.
	2. Supervisor Qualifications:  Certified by a nationally recognized program and organization.
	3. Experience:  Submit records of experience in the field of HVAC systems cleaning.
	4. Equipment, Materials, and Labor:  Have equipment, materials, and labor required to perform specified services.

	B. Comply with current published standards of NADCA.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.


	2.2 SHEET METAL MATERIALS
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods, unless otherwise indicated.
	B. Galvanized-Steel Sheet:  Lock-forming quality; complying with ASTM A 653/A 653M and having G60 coating designation; ducts shall have mill-phosphatized finish for surfaces exposed to view.
	C. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.
	D. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch minimum diameter for lengths longer than 36 inches.

	2.3 DUCT-MOUNTING ACCESS DOORS
	A. General Description:  Fabricate doors airtight and suitable for duct pressure class.
	B. Rectangular Duct Door:  Double wall; fabricated of galvanized sheet metal with insulation fill and thickness as indicated for duct pressure class.  Include vision panel where indicated.  Include 1-by-1-inch butt or piano hinge and cam latches.
	1. Manufacturers:
	a. American Warming and Ventilating.
	b. Cesco Products.
	c. Ductmate Industries, Inc.
	d. Flexmaster U.S.A., Inc.
	e. Greenheck.
	f. McGill AirFlow Corporation.
	g. Nailor Industries Inc.
	h. Ventfabrics, Inc.
	i. Ward Industries, Inc.

	2. Frame:  Galvanized-steel sheet; with bendover tabs and foam gaskets.
	3. Provide number of hinges and locks as follows:
	a. Less Than 12 Inches Square:  Secure with two sash locks.
	b. Up to 18 Inches Square:  Two hinges and two sash locks.
	c. Up to 24 by 48 Inches:  Three hinges and two compression latches with outside and inside handles.


	C. Round Duct Door:  Double wall; fabricated of galvanized sheet metal with insulation fill and 1-inch thickness.  Include cam latches.
	1. Manufacturers:
	a. Flexmaster U.S.A., Inc.

	2. Frame:  Galvanized-steel sheet; with spin-in notched frame.

	D. Seal around frame attachment to duct and door to frame with neoprene or foam rubber.
	E. Insulation:  1-inch thick fibrous-glass or polystyrene-foam board.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine systems to determine appropriate methods, tools, and equipment required for performance of work.
	B. Prepare written report listing conditions detrimental to performance of work.
	C. Proceed with work only after unsatisfactory conditions have been corrected.

	3.2 CLEANING
	A. Engage a qualified ASCS to clean the following systems:
	1. Supply system.
	2. Return system.
	3. Exhaust system.

	B. Perform cleaning before air balancing or mark position of dampers and air-directional mechanical devices before cleaning.
	C. Use duct-mounted access doors, as required, for physical and mechanical entry and for inspection.
	1. Install additional duct-mounting access doors to comply with duct cleaning standards. Comply with requirements in Division 23 Section "Air Duct Accessories" for additional duct-mounting access doors.
	2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection.  Replace damaged and deteriorated flexible ducts. Comply with requirements in Division 23 Section "Air Duct Accessories" for flexible ducts.
	3. Disconnect and reconnect flexible connectors as needed for cleaning and inspection.  Replace damaged and deteriorated flexible connectors. Comply with requirements in Division 23 Section "Air Duct Accessories" for flexible connectors.
	4. Reseal rigid-fiberglass-duct systems according to NAIMA recommended practices.
	5. Replace damaged fusible links on fire and smoke dampers.  Replacement fusible links shall be same rating as those being replaced. Comply with requirements in Division 23 Section "Air Duct Accessories" for fusible links.
	6. Remove and reinstall ceiling components to gain access for duct cleaning.  Clean ceiling components after they have been removed and replaced.

	D. Mark position of dampers and air-directional mechanical devices before cleaning, and restore to their marked position on completion.
	E. Particulate Collection and Odor Control:
	1. Where venting vacuuming system inside building, use HEPA filtration with 99.97 percent collection efficiency for 0.3-micron size (or greater) particles.
	2. When venting vacuuming system outside building, use filtration to contain debris removed from the HVAC system and locate exhaust down wind and away from air intakes and other points of entry into building.

	F. Clean the following metal-duct system components by removing visible surface contaminants and deposits:
	1. Air outlets and inlets (registers, grilles, and diffusers).
	2. Supply and return fans including fan housings, plenums (except ceiling supply and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive assemblies.
	3. Air-handling-unit internal surfaces and components including mixing box, coil section, air wash systems, spray eliminators, condensate drain pans, humidifiers and dehumidifiers, filters and filter sections, and condensate collectors and drains.
	4. Coils and related components.
	5. Return-air ducts, dampers, and actuators, except in ceiling plenums and mechanical room.
	6. Supply-air ducts, dampers, actuators, and turning vanes.

	G. Mechanical Cleaning Methodology:
	1. Clean metal-duct systems using mechanical cleaning methods that extract contaminants from within duct systems and remove contaminants from building.
	2. Use vacuum-collection devices that are operated continuously during cleaning.  Connect vacuum device to downstream end of ducts so areas being cleaned are under negative pressure.
	3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without damaging integrity of metal ducts or duct liner.
	4. Clean fibrous-glass duct liner with HEPA vacuuming equipment, and do not permit duct liner to get wet.  Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated or that has friable material, mold, or fungus growth.
	5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain pan operational.  Rinse coils with clean water to remove latent residues and cleaning materials; comb and straighten fins.
	6. Provide operative drainage system for washdown procedures.
	7. Biocidal Agents and Coatings:  Apply biocidal agents if fungus is present; use according to manufacturer's written instructions after removal of surface deposits and debris.

	H. Cleanliness Verification:
	1. Verify cleanliness after mechanical cleaning and before application of treatment, including biocidal agents and protective coatings.
	2. Visually inspect metal-duct systems for contaminants.
	3. Where contaminants are discovered, reclean and reinspect duct systems.


	3.3 DUCT ACCESSORIES INSTALLATION
	A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct Construction Standards," for fibrous-glass ducts.
	B. Provide duct accessories of materials suited to duct materials; use galvanized-steel accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and aluminum accessories in aluminum ducts.
	C. Install duct-mounting access doors where access doors do not currently exist to allow for the cleaning of ducts, accessories, and terminal units as follows:
	1. On both sides of duct coils.
	2. Downstream from volume dampers and equipment.
	3. Adjacent to fire or smoke dampers; reset or install new fusible links.
	4. Before and after each change in direction, at maximum 50-foot spacing.
	5. On sides of ducts where adequate clearance is available.

	D. Install the following sizes for duct-mounting, rectangular access doors:
	1. One-Hand or Inspection Access:  8 by 5 inches.
	2. Two-Hand Access:  12 by 6 inches.
	3. Head and Hand Access:  18 by 10 inches.
	4. Head and Shoulders Access:  21 by 14 inches.
	5. Body Access:  25 by 14 inches.
	6. Body Plus Ladder Access:  25 by 17 inches.

	E. Install the following sizes for duct-mounting, round access doors:
	1. One-Hand or Inspection Access:  8 inches in diameter.
	2. Two-Hand Access:  10 inches in diameter.
	3. Head and Hand Access:  12 inches in diameter.
	4. Head and Shoulders Access:  18 inches in diameter.
	5. Body Access:  24 inches in diameter.

	F. Install the following sizes for duct-mounting, pressure relief access doors:
	1. One-Hand or Inspection Access:  5 inches in diameter.
	2. Two-Hand Access:  10 inches in diameter.
	3. Head and Hand Access:  13 inches in diameter.
	4. Head and Shoulders Access:  19 inches in diameter.


	3.4 CONNECTIONS
	A. Reconnect ducts to fans and air-handling units with existing flexible connectors after cleaning ducts and flexible connectors.  Replace existing damaged and deteriorated flexible connectors.
	B. For fans developing static pressures of 5-inch wg and higher, cover replacement flexible connectors with loaded vinyl sheet held in place with metal straps.
	C. Reconnect terminal units to supply ducts with existing flexible ducts or replace damaged and deteriorated existing flexible ducts with maximum 12-inch lengths of new flexible duct.
	D. Reconnect diffusers or light troffer boots to low-pressure ducts with existing flexible ducts or replace damaged and deteriorated existing flexible ducts with maximum 60-inch lengths of flexible duct clamped or strapped in place.
	E. Reconnect existing and new flexible ducts to metal ducts with adhesive plus sheet metal screws.

	3.5 FIELD QUALITY CONTROL
	A. Gravimetric Analysis:  Sections of metal-duct system, chosen randomly by Architect, may be tested for cleanliness according to NADCA vacuum test gravimetric analysis.
	1. If analysis determines that levels of debris are equal to or lower than suitable levels, system shall have passed cleanliness verification.
	2. If analysis determines that levels of debris exceed suitable levels, system cleanliness verification will have failed and metal-duct system shall be recleaned and reverified.

	B. Verification of Coil Cleaning:  Cleaning shall restore coil pressure drop to within 10 percent of pressure drop measured when coil was first installed.  If original pressure drop is not known, coil will be considered clean only if it is free of for...
	C. Report results of tests in writing.



	230516 fl - expansion fittings and loops for hvac piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Flexible-hose packless expansion joints.
	2. Pipe loops and swing connections.
	3. Alignment guides and anchors.


	1.3 PERFORMANCE REQUIREMENTS
	A. Compatibility:  Products shall be suitable for piping service fluids, materials, working pressures, and temperatures.
	B. Capability:  Products to absorb 200 percent of maximum axial movement between anchors.
	C. Expansion Calculations:
	1. Installation temperature: 40deg F.
	2. Hot water heating: 220 deg F.


	1.4 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Delegated-Design Submittal:  For each anchor and alignment guide indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.
	1. Design Calculations:  Calculate requirements for thermal expansion of piping systems and for selecting and designing expansion joints, loops, and swing connections.
	2. Anchor Details:  Detail fabrication of each anchor indicated.  Show dimensions and methods of assembly and attachment to building structure.
	3. Alignment Guide Details:  Detail field assembly and attachment to building structure.
	4. Schedule:  Indicate type, manufacturer's number, size, material, pressure rating, end connections, and location for each expansion joint.

	C. Welding certificates.
	D. Product Certificates:  For each type of expansion joint, from manufacturer.
	E. Maintenance Data:  For expansion joints to include in maintenance manuals.

	1.5 QUALITY ASSURANCE
	A. Welding Qualifications:  Qualify procedures and personnel according to the following:
	1. AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	2. ASME Boiler and Pressure Vessel Code:  Section IX.



	PART 2 -  PRODUCTS
	2.1 PACKLESS EXPANSION JOINTS
	A. Flexible-Hose Packless Expansion Joints:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Flex-Hose Co., Inc.
	b. Flexicraft Industries.
	c. Metraflex, Inc.

	2. Description:  Manufactured assembly with inlet and outlet elbow fittings and two flexible-metal-hose legs joined by long-radius, 180-degree return bend or center section of flexible hose.
	3. Flexible Hose:  Corrugated-metal inner hoses and braided outer sheaths.
	4. Expansion Joints for Copper Tubing 29TNPS 229T and Smaller:  Copper-alloy fittings with solder-joint end connections.
	a. Bronze hoses and single-braid bronze sheaths with 29T450 psig at 70 deg F29T and 29T340 psig at 450 deg F29T ratings.
	b. Bronze hoses and double-braid bronze sheaths with 29T700 psig at 70 deg F29T and 29T500 psig at 450 deg F29T ratings.

	5. Expansion Joints for Copper Tubing 29TNPS 2-1/2 to NPS 429T:  Copper-alloy fittings with flanged end connections.
	a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 29T300 psig at 70 deg F29T and 29T225 psig at 450 deg F29T ratings.
	b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 29T420 psig at 70 deg F29T and 29T315 psig at 450 deg F29T ratings.

	6. Expansion Joints for Steel Piping 29TNPS 229T and Smaller:  Carbon-steel fittings with threaded end connections.
	a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 29T450 psig at 70 deg F29T and 29T325 psig at 600 deg F29T ratings.
	b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 29T700 psig at 70 deg F29T and 29T515 psig at 600 deg F29T ratings.

	7. Expansion Joints for Steel Piping 29TNPS 2-1/2 to NPS 629T:  Carbon-steel fittings with flanged end connections.
	a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 29T200 psig at 70 deg F29T and 29T145 psig at 600 deg F29T ratings.
	b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 29T275 psig at 70 deg F29T and 29T200 psig at 600 deg F29T ratings.

	8. Expansion Joints for Steel Piping 29TNPS 8 to NPS 1229T:  Carbon-steel fittings with weld end connections.
	a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 29T125 psig at 70 deg F29T and 29T90 psig at 600 deg F29T ratings.
	b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 29T165 psig at 70 deg F29T and 29T120 psig at 600 deg F29T ratings.

	9. Expansion Joints for Steel Piping 29TNPS 1429T and Larger:  Carbon-steel fittings with weld end connections.
	a. Stainless-steel hoses and double-braid, stainless-steel sheaths with 29T165 psig at 70 deg F29T and 29T120 psig at 600 deg F29T ratings.



	2.2 ALIGNMENT GUIDES AND ANCHORS
	A. Alignment Guides:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Flex-Hose Co., Inc.
	b. Flexicraft Industries.
	c. Metraflex, Inc.

	2. Description:  Steel, factory-fabricated alignment guide, with bolted two-section outer cylinder and base for attaching to structure; with two-section guiding spider for bolting to pipe.

	B. Anchor Materials:
	1. Steel Shapes and Plates:  ASTM A 36/A 36M.
	2. Bolts and Nuts:  ASME B18.10 or ASTM A 183, steel hex head.
	3. Washers:  ASTM F 844, steel, plain, flat washers.
	4. Mechanical Fasteners:  Insert-wedge-type stud with expansion plug anchor for use in hardened Portland cement concrete, with tension and shear capacities appropriate for application.
	a. Stud:  Threaded, zinc-coated carbon steel.
	b. Expansion Plug:  Zinc-coated steel.
	c. Washer and Nut:  Zinc-coated steel.

	5. Chemical Fasteners:  Insert-type-stud, bonding-system anchor for use with hardened Portland cement concrete, with tension and shear capacities appropriate for application.
	a. Bonding Material:  ASTM C 881/C 881M, Type IV, Grade 3, two-component epoxy resin suitable for surface temperature of hardened concrete where fastener is to be installed.
	b. Stud:  ASTM A 307, zinc-coated carbon steel with continuous thread on stud unless otherwise indicated.
	c. Washer and Nut:  Zinc-coated steel.




	PART 3 -  EXECUTION
	3.1 EXPANSION-JOINT INSTALLATION
	A. Install expansion joints of sizes matching sizes of piping in which they are installed.

	3.2 PIPE LOOP AND SWING CONNECTION INSTALLATION
	A. Connect risers and branch connections to mains with at least five pipe fittings including tee in main.
	B. Connect risers and branch connections to terminal units with at least four pipe fittings including tee in riser.
	C. Connect mains and branch connections to terminal units with at least four pipe fittings including tee in main.

	3.3 ALIGNMENT-GUIDE AND ANCHOR INSTALLATION
	A. Install alignment guides to guide expansion and to avoid end-loading and torsional stress.
	B. Install two guide(s) on each side of pipe expansion fittings and loops.  Install guides nearest to expansion joint not more than four pipe diameters from expansion joint.
	C. Attach guides to pipe and secure guides to building structure.
	D. Install anchors at locations to prevent stresses from exceeding those permitted by ASME B31.9 and to prevent transfer of loading and stresses to connected equipment.
	E. Anchor Attachments:
	1. Anchor Attachment to Steel Pipe:  Attach by welding.  Comply with ASME B31.9 and ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing Qualifications."
	2. Anchor Attachment to Copper Tubing:  Attach with pipe hangers.  Use MSS SP-69, Type 24, U-bolts bolted to anchor.

	F. Fabricate and install steel anchors by welding steel shapes, plates, and bars.  Comply with ASME B31.9 and AWS D1.1/D1.1M.
	1. Anchor Attachment to Steel Structural Members:  Attach by welding.
	2. Anchor Attachment to Concrete Structural Members:  Attach by fasteners.  Follow fastener manufacturer's written instructions.

	G. Use grout to form flat bearing surfaces for guides and anchors attached to concrete.



	230523-general-duty valves for hvac piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Bronze angle valves.
	2. Bronze ball valves.
	3. Iron, single-flange butterfly valves.
	4. Bronze swing check valves.
	5. Iron gate valves.

	B. Related Sections:
	1. Division 23 HVAC piping Sections for specialty valves applicable to those Sections only.
	2. Division 23 Section "Identification for HVAC Piping and Equipment" for valve tags and schedules.


	1.3 DEFINITIONS
	A. CWP:  Cold working pressure.
	B. EPDM:  Ethylene propylene copolymer rubber.
	C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber.
	D. NRS:  Nonrising stem.
	E. OS&Y:  Outside screw and yoke.
	F. RS:  Rising stem.
	G. SWP:  Steam working pressure.

	1.4 SUBMITTALS
	A. Product Data:  For each type of valve indicated.

	1.5 QUALITY ASSURANCE
	A. Source Limitations for Valves:  Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
	2. ASME B31.1 for power piping valves.
	3. ASME B31.9 for building services piping valves.


	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	1. Protect internal parts against rust and corrosion.
	2. Protect threads, flange faces, grooves, and weld ends.
	3. Set angle, gate, and globe valves closed to prevent rattling.
	4. Set ball and plug valves open to minimize exposure of functional surfaces.
	5. Set butterfly valves closed or slightly open.
	6. Block check valves in either closed or open position.

	B. Use the following precautions during storage:
	1. Maintain valve end protection.
	2. Store valves indoors and maintain at higher than ambient dew point temperature.  If outdoor storage is necessary, store valves off the ground in watertight enclosures.

	C. Use sling to handle large valves; rig sling to avoid damage to exposed parts.  Do not use handwheels or stems as lifting or rigging points.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Refer to HVAC valve schedule articles for applications of valves.
	B. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures and temperatures.
	C. Valve Sizes:  Same as upstream piping unless otherwise indicated.
	D. Valve Actuator Types:
	1. Gear Actuator:  For quarter-turn valves NPS 8 and larger.
	2. Handwheel:  For valves other than quarter-turn types.
	3. Handlever:  For quarter-turn valves NPS 6 and smaller.
	4. Wrench:  For plug valves with square heads.  Furnish Owner with 1 wrench for every 5 plug valves, for each size square plug-valve head.
	5. Chainwheel:  Device for attachment to valve handwheel, stem, or other actuator; of size and with chain for mounting height, as indicated in the "Valve Installation" Article.

	E. Valves in Insulated Piping:  With 2-inch stem extensions and the following features:
	1. Gate Valves:  With rising stem.
	2. Ball Valves:  With extended operating handle of non-thermal-conductive material, and protective sleeve that allows operation of valve without breaking the vapor seal or disturbing insulation.
	3. Butterfly Valves:  With extended neck.

	F. Valve-End Connections:
	1. Flanged:  With flanges according to ASME B16.1 for iron valves.
	2. Grooved:  With grooves according to AWWA C606.
	3. Solder Joint:  With sockets according to ASME B16.18.
	4. Threaded:  With threads according to ASME B1.20.1.

	G. Valve Bypass and Drain Connections:  MSS SP-45.

	2.2 BRONZE ANGLE VALVES
	A. Class 150, Bronze Angle Valves with Bronze Disc:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Crane Co.; Crane Valve Group; Stockham Division.
	b. Kitz Corporation.

	2. Description:
	a. Standard:  MSS SP-80, Type 1.
	b. CWP Rating:  300 psig.
	c. Body Material:  ASTM B 62, bronze with integral seat and union-ring bonnet.
	d. Ends:  Threaded.
	e. Stem and Disc:  Bronze.
	f. Packing:  Asbestos free.
	g. Handwheel:  Malleable iron.


	B. Class 150, Bronze Angle Valves with Nonmetallic Disc:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Milwaukee Valve Company.
	c. NIBCO INC.

	2. Description:
	a. Standard:  MSS SP-80, Type 2.
	b. CWP Rating:  300 psig.
	c. Body Material: ASTM B 62, bronze with integral seat and union-ring bonnet.
	d. Ends:  Threaded.
	e. Stem:  Bronze.
	f. Disc:  PTFE or TFE.
	g. Packing:  Asbestos free.
	h. Handwheel:  Malleable iron.



	2.3 BRONZE BALL VALVES
	A. Two-Piece, Full-Port, Bronze Ball Valves with Stainless-Steel Trim:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Milwaukee Valve Company.
	c. NIBCO INC.

	2. Description:
	a. Standard:  MSS SP-110.
	b. SWP Rating:  150 psig.
	c. CWP Rating:  600 psig.
	d. Body Design:  Two piece.
	e. Body Material:  Bronze.
	f. Ends:  Threaded.
	g. Seats:  PTFE or TFE.
	h. Stem:  Stainless steel.
	i. Ball:  Stainless steel, vented.
	j. Port:  Full.



	2.4 IRON, SINGLE-FLANGE BUTTERFLY VALVES
	A. 150 CWP, Iron, Single-Flange Butterfly Valves with NBR Seat and Aluminum-Bronze Disc:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Crane Co.; Crane Valve Group; Stockham Division.
	b. Milwaukee Valve Company.
	c. NIBCO INC.

	2. Description:
	a. Standard:  MSS SP-67, Type I.
	b. CWP Rating:  150 psig.
	c. Body Design:  Lug type; suitable for bidirectional dead-end service at rated pressure without use of downstream flange.
	d. Body Material:  ASTM A 126, cast iron or ASTM A 536, ductile iron.
	e. Seat:  NBR.
	f. Stem:  One- or two-piece stainless steel.
	g. Disc:  Aluminum bronze.



	2.5 BRONZE SWING CHECK VALVES
	A. Class 125, Bronze Swing Check Valves with Bronze Disc:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Milwaukee Valve Company.
	c. NIBCO INC.

	2. Description:
	a. Standard:  MSS SP-80, Type 3.
	b. CWP Rating:  200 psig.
	c. Body Design:  Horizontal flow.
	d. Body Material:  ASTM B 62, bronze.
	e. Ends:  Threaded.
	f. Disc:  Bronze.


	B. Class 150, Bronze Swing Check Valves with Bronze Disc:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Milwaukee Valve Company.
	b. NIBCO INC.

	2. Description:
	a. Standard:  MSS SP-80, Type 3.
	b. CWP Rating:  300 psig.
	c. Body Design:  Horizontal flow.
	d. Body Material:  ASTM B 62, bronze.
	e. Ends:  Threaded.
	f. Disc:  Bronze.




	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed.  Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Examine mating flange faces for conditions that might cause leakage.  Check bolting for proper size, length, and material.  Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defect...
	E. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install chainwheels on operators for ball butterfly gate globe and plug valves NPS 4 and larger and more than 96 inches above floor.  Extend chains to 60 inches above finished floor.
	F. Install check valves for proper direction of flow and as follows:
	1. Swing Check Valves:  In horizontal position with hinge pin level.
	2. Center-Guided and Plate-Type Check Valves:  In horizontal or vertical position, between flanges.
	3. Lift Check Valves:  With stem upright and plumb.


	3.3 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing.  Replace valves if persistent leaking occurs.

	3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valve applications are not indicated, use the following:
	1. Shutoff Service:  Ball, butterfly, or gate valves.
	2. Butterfly Valve Dead-End Service:  Single-flange (lug) type.
	3. Throttling Service:  Globe Globe or angle  or butterfly valves.
	4. Pump-Discharge Check Valves:
	a. NPS 2 and Smaller:  Bronze swing check valves with bronze disc.
	b. NPS 2-1/2 and Larger:  Iron swing check valves with lever and weight or with spring or iron, center-guided, resilient-seat check valves.


	B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves with higher SWP classes or CWP ratings may be substituted.
	C. Select valves, except wafer types, with the following end connections:
	1. For Copper Tubing, NPS 2 and Smaller:  Threaded ends except where solder-joint valve-end option is indicated in valve schedules below.
	2. For Copper Tubing, NPS 2-1/2 to NPS 4:  Flanged ends except where threaded valve-end option is indicated in valve schedules below.
	3. For Copper Tubing, NPS 5 and Larger:  Flanged ends.
	4. For Steel Piping, NPS 2 and Smaller:  Threaded ends.
	5. For Steel Piping, NPS 2-1/2 to NPS 4:  Flanged ends except where threaded valve-end option is indicated in valve schedules below.
	6. For Steel Piping, NPS 5 and Larger:  Flanged ends.




	230553-identification for hvac piping and equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Equipment labels.
	2. Warning signs and labels.
	3. Pipe labels.
	4. Duct labels.
	5. Stencils.
	6. Valve tags.
	7. Warning tags.


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the proposed content for each label.
	C. Valve numbering scheme.
	D. Valve Schedules:  For each piping system to include in maintenance manuals.

	1.4 COORDINATION
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Coordinate installation of identifying devices with locations of access panels and doors.
	C. Install identifying devices before installing acoustical ceilings and similar concealment.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Metal Labels for Equipment:
	1. Material and Thickness:  Brass, 0.032-inch minimum thickness, and having predrilled or stamped holes for attachment hardware.
	2. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	3. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances.  Include secondary lettering two-thirds...
	4. Fasteners:  Stainless-steel rivets or self-tapping screws.

	B. Label Content:  Include equipment's Drawing designation or unique equipment number, drawing numbers where equipment is indicated (plans, details, and schedules), plus the Specification Section number and title where equipment is specified.
	C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-inch bond paper.  Tabulate equipment identification number and identify Drawing numbers where equipment is indicated (plans, details, and schedules), plus the Speci...

	2.2 WARNING SIGNS AND LABELS
	A. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.
	B. Letter Color:  Black.
	C. Background Color: As per OSHA
	D. Maximum Temperature:  Able to withstand temperatures up to 160 deg F.
	E. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances.  Include secondary lettering two-thirds...
	G. Fasteners:  Stainless-steel rivets or self-tapping screws.
	H. Label Content:  Include caution and warning information, plus emergency notification instructions.

	2.3 PIPE LABELS
	A. General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, with lettering indicating service, and showing flow direction.
	B. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full circumference of pipe and to attach to pipe without fasteners or adhesive.
	C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-adhesive backing.
	D. Pipe Label Contents:  Include identification of piping service using same designations or abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.
	1. Flow-Direction Arrows:  Integral with piping system service lettering to accommodate both directions, or as separate unit on each pipe label to indicate flow direction.
	2. Lettering Size:  At least 1-1/2 inches high.


	2.4 DUCT LABELS
	A. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.
	B. Letter Color:  Black.
	C. Background Color: As per OSHA.
	D. Maximum Temperature:  Able to withstand temperatures up to 160 deg F.
	E. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances.  Include secondary lettering two-thirds...
	G. Fasteners:  Stainless-steel rivets or self-tapping screws.
	H. Duct Label Contents:  Include identification of duct service using same designations or abbreviations as used on Drawings, duct size, and an arrow indicating flow direction.
	1. Flow-Direction Arrows:  Integral with duct system service lettering to accommodate both directions, or as separate unit on each duct label to indicate flow direction.
	2. Lettering Size:  At least 1-1/2 inches high.


	2.5 STENCILS
	A. Stencils:  Prepared with letter sizes according to ASME A13.1 for piping; minimum letter height of 1-1/4 inches for ducts; and minimum letter height of 3/4 inch for access panel and door labels, equipment labels, and similar operational instructions.
	1. Stencil Material:  Fiberboard or metal.
	2. Stencil Paint:  Exterior, gloss, alkyd enamel black unless otherwise indicated.  Paint may be in pressurized spray-can form.
	3. Identification Paint:  Exterior, alkyd enamel in colors according to ASME A13.1 unless otherwise indicated.


	2.6 VALVE TAGS
	A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-inch numbers.
	1. Tag Material:  Brass, 0.032-inch minimum thickness, and having predrilled or stamped holes for attachment hardware.
	2. Fasteners:  Brass wire-link or beaded chain; or S-hook.

	B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch bond paper.  Tabulate valve number, piping system, system abbreviation (as shown on valve tag), location of valve (room or space), normal-operating position (open, closed, or modulating)...
	1. Valve-tag schedule shall be included in operation and maintenance data.
	2. Provide wall mounted valve schedule under glass in the boiler room.


	2.7 WARNING TAGS
	A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags, of plasticized card stock with matte finish suitable for writing.
	1. Size:  Approximately 4 by 7 inches.
	2. Fasteners:  Brass grommet and wire Reinforced grommet and wire or string.
	3. Nomenclature:  Large-size primary caption such as "DANGER," "CAUTION," or "DO NOT OPERATE."
	4. Color:  Yellow background with black lettering.



	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surfaces of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

	3.2 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.

	3.3 PIPE LABEL INSTALLATION
	A. Piping Color-Coding:  Painting of piping is specified in Division 09 Section "Interior Painting."
	B. Stenciled Pipe Label Option:  Stenciled labels may be provided instead of manufactured pipe labels, at Installer's option.  Install stenciled pipe labels with painted, color-coded bands or rectangles on each piping system.
	1. Identification Paint:  Use for contrasting background.
	2. Stencil Paint:  Use for pipe marking.

	C. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior exposed locations as follows:
	1. Near each valve and control device.
	2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  Where flow pattern is not obvious, mark each pipe at branch.
	3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures.
	4. At access doors, manholes, and similar access points that permit view of concealed piping.
	5. Near major equipment items and other points of origination and termination.
	6. Spaced at maximum intervals of 50 feet along each run.  Reduce intervals to 25 feet in areas of congested piping and equipment.
	7. On piping above removable acoustical ceilings.  Omit intermediately spaced labels.

	D. Pipe Label Color Schedule: (as per ANSIA13.1 and OSHA requirements)

	3.4 DUCT LABEL INSTALLATION
	A. Install self-adhesive duct labels with permanent adhesive on air ducts in the following color codes:
	1. Blue:  For cold-air supply ducts.
	2. Yellow:  For hot-air supply ducts.
	3. Green:  For exhaust-, outside-, relief-, return-, and mixed-air ducts.
	4. ASME A13.1 Colors and Designs:  For hazardous material exhaust.

	B. Stenciled Duct Label Option:  Stenciled labels, showing service and flow direction, may be provided instead of plastic-laminated duct labels, at Installer's option, if lettering larger than 1 inch high is needed for proper identification because of...
	C. Locate labels near points where ducts enter into concealed spaces and at maximum intervals of 50 feet in each space where ducts are exposed or concealed by removable ceiling system.

	3.5 VALVE-TAG INSTALLATION
	A. Install tags on valves and control devices in piping systems, except check valves; valves within factory-fabricated equipment units; shutoff valves; faucets; convenience and lawn-watering hose connections; and HVAC terminal devices and similar roug...
	B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color scheme and with captions similar to those indicated in the following subparagraphs:
	1. Valve-Tag Size and Shape:
	a. Chilled Water:  1-1/2 inches, round.
	b. Condenser Water:  1-1/2 inches, round.
	c. Refrigerant:  1-1/2 inches, round.
	d. Hot Water:  1-1/2 inches, round.
	e. Gas:  1-1/2 inches, round.

	2. Valve-Tag Color:
	a. Chilled Water:  Natural.
	b. Condenser Water:  Natural.
	c. Refrigerant:  Natural.
	d. Hot Water:  Natural.
	e. Gas:  Natural.

	3. Letter Color:
	a. Chilled Water:  Black.
	b. Condenser Water:  Black.
	c. Refrigerant:  Black.
	d. Hot Water:  Black.
	e. Gas:  Black.



	3.6 WARNING-TAG INSTALLATION
	A. Write required message on, and attach warning tags to, equipment and other items where required.



	230593 fl - testing, adjusting, and balancing for hvac
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Balancing Air Systems:
	a. Constant-volume air systems.
	b. Variable-air-volume systems.

	2. Balancing Hydronic Piping Systems:
	a. Variable-flow hydronic systems.



	1.3 DEFINITIONS
	A. AABC:  Associated Air Balance Council.
	B. NEBB:  National Environmental Balancing Bureau.
	C. TAB:  Testing, adjusting, and balancing.
	D. TABB:  Testing, Adjusting, and Balancing Bureau.
	E. TAB Specialist:  An entity engaged to perform TAB Work.

	1.4 SUBMITTALS
	A. Qualification Data:  Within 30 days of Contractor's Notice to Proceed, submit documentation that the TAB contractor and this Project's TAB team members meet the qualifications specified in "Quality Assurance" Article.
	B. Contract Documents Examination Report:  Within 30  days of Contractor's Notice to Proceed, submit the Contract Documents review report as specified in Part 3.
	C. Strategies and Procedures Plan:  Within 30 days of Contractor's Notice to Proceed, submit TAB strategies and step-by-step procedures as specified in "Preparation" Article.
	D. Certified TAB reports.
	E. Sample report forms.
	F. Instrument calibration reports, to include the following:
	1. Instrument type and make.
	2. Serial number.
	3. Application.
	4. Dates of use.
	5. Dates of calibration.


	1.5 QUALITY ASSURANCE
	A. TAB Contractor Qualifications:  Engage a TAB entity certified by NEBB.
	1. TAB Field Supervisor:  Employee of the TAB contractor and certified by NEBB.
	2. TAB Technician:  Employee of the TAB contractor and who is certified by NEBB   as a TAB technician.

	B. TAB Conference:  Meet with Owner’s representatives   on approval of the TAB strategies and procedures plan to develop a mutual understanding of the details.  Require the participation of the TAB field supervisor and technicians.  Provide seven days...
	1. Agenda Items:
	a. The Contract Documents examination report.
	b. The TAB plan.
	c. Coordination and cooperation of trades and subcontractors.
	d. Coordination of documentation and communication flow.


	C. Certify TAB field data reports and perform the following:
	1. Review field data reports to validate accuracy of data and to prepare certified TAB reports.
	2. Certify that the TAB team complied with the approved TAB plan and the procedures specified and referenced in this Specification.

	D. TAB Report Forms:  Use standard TAB contractor's forms approved by Architect.
	E. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in ASHRAE 111, Section 5, "Instrumentation."
	F. Instrumentation Calibration:  Calibrate instruments at least every six months or more frequently if required by instrument manufacturer.
	1. Keep an updated record of instrument calibration that indicates date of calibration and the name of party performing instrument calibration.

	G. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 7.2.2 - "Air Balancing."
	H. ASHRAE/IESNA 90.1-2004 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004, Section 6.7.2.3 - "System Balancing."
	I. Work of this section shall be provided by a firm with a minimum of 10 years’ experience in testing and balancing of HVAC systems following procedures and guidelines of the National Environmental Balancing Bureau, and this specification.

	1.6 PROJECT CONDITIONS
	A. Full Owner Occupancy:  Owner will occupy the site and existing building during entire TAB period.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.
	B. Partial Owner Occupancy:  Owner may occupy completed areas of building before Substantial Completion.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.

	1.7 COORDINATION
	A. Notice:  Provide seven days’ advance notice for each test.  Include scheduled test dates and times.
	B. Perform TAB after leakage and pressure tests on air and water distribution systems have been satisfactorily completed.

	1.8 WARRANTY
	A. National Project Performance Guarantee:  Provide a guarantee on AABC's "National Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning Systems" forms stating that AABC will assist in completing requirements of the Contract ...
	1. The certified TAB firm has tested and balanced systems according to the Contract Documents.
	2. Systems are balanced to optimum performance capabilities within design and installation limits.
	3. Contractor shall hire a TAB firm registered and certified by the AABC.

	B. Special Guarantee:  Provide a guarantee on NEBB forms stating that NEBB will assist in completing requirements of the Contract Documents if TAB firm fails to comply with the Contract Documents.  Guarantee shall include the following provisions:
	1. The certified TAB firm has tested and balanced systems according to the Contract Documents.
	2. Systems are balanced to optimum performance capabilities within design and installation limits.
	3. Contractor shall hire a TAB firm registered and certified by the AABC.



	PART 2 -  PRODUCTS (Not Applicable)
	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions in systems' designs that may preclude proper TAB of systems and equipment.
	B. Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers.  Verify that locations of these balancing devices are accessible.
	C. Examine the approved submittals for HVAC systems and equipment.
	D. Examine design data including HVAC system descriptions, statements of design assumptions for environmental conditions and systems' output, and statements of philosophies and assumptions about HVAC system and equipment controls.
	E. Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to verify that they meet the leakage class of connected ducts as specified in Division 23 Section "Metal Ducts " and are properly separated from adjacent area...
	F. Examine equipment performance data including fan and pump curves.
	1. Relate performance data to Project conditions and requirements, including system effects that can create undesired or unpredicted conditions that cause reduced capacities in all or part of a system.
	2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when installed under conditions different from the conditions used to rate equipment performance.  To calculate system effects for air systems, use tables and charts fo...

	G. Examine system and equipment installations and verify that field quality-control testing, cleaning, and adjusting specified in individual Sections have been performed.
	H. Examine test reports specified in individual system and equipment Sections.
	I. Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned and tight, and equipment with functioning controls is ready for operation.
	J. Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible and their controls are connected and functioning.
	K. Examine strainers.  Verify that startup screens are replaced by permanent screens with indicated perforations.
	L. Examine three-way valves for proper installation for their intended function of diverting or mixing fluid flows.
	M. Examine system pumps to ensure absence of entrained air in the suction piping.
	N. Examine operating safety interlocks and controls on HVAC equipment.
	O. Report deficiencies discovered before and during performance of TAB procedures.  Observe and record system reactions to changes in conditions.  Record default set points if different from indicated values.

	3.2 PREPARATION
	A. Prepare a TAB plan that includes strategies and step-by-step procedures.
	B. Complete system-readiness checks and prepare reports.  Verify the following:
	1. Permanent electrical-power wiring is complete.
	2. Hydronic systems are filled, clean, and free of air.
	3. Automatic temperature-control systems are operational.
	4. Equipment and duct access doors are securely closed.
	5. Balance, smoke, and fire dampers are open.
	6. Isolating and balancing valves are open and control valves are operational.
	7. Ceilings are installed in critical areas where air-pattern adjustments are required and access to balancing devices is provided.
	8. Windows and doors can be closed so indicated conditions for system operations can be met.


	3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING
	A. Perform testing and balancing procedures on each system according to the procedures contained in    SMACNA's "HVAC Systems - Testing, Adjusting, and Balancing" and in this Section.
	1. Comply with requirements in ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing."

	B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary for TAB procedures.
	1. After testing and balancing, install test ports and duct access doors that comply with requirements in Division 23 Section "Air Duct Accessories."
	2. Install and join new insulation that matches removed materials.  Restore insulation, coverings, vapor barrier, and finish according to Division 23 Section "HVAC Insulation."

	C. Mark equipment and balancing devices, including damper-control positions, valve position indicators, fan-speed-control levers, and similar controls and devices, with paint or other suitable, permanent identification material to show final settings.
	D. Take and report testing and balancing measurements in inch-pound (IP) units.

	3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS
	A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and recommended testing procedures.  Crosscheck the summation of required outlet volumes with required fan volumes.
	B. Prepare schematic diagrams of systems' "as-built" duct layouts.
	C. For variable-air-volume systems, develop a plan to simulate diversity.
	D. Determine the best locations in main and branch ducts for accurate duct-airflow measurements.
	E. Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air dampers through the supply-fan discharge and mixing dampers.
	F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
	G. Verify that motor starters are equipped with properly sized thermal protection.
	H. Check dampers for proper position to achieve desired airflow path.
	I. Check for airflow blockages.
	J. Check condensate drains for proper connections and functioning.
	K. Check for proper sealing of air-handling-unit components.
	L. Verify that air duct system is sealed as specified in Division 23 Section "Metal Ducts."

	3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS
	A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by fan manufacturer.
	1. Measure total airflow.
	a. Where sufficient space in ducts is unavailable for Pitot-tube traverse measurements, measure airflow at terminal outlets and inlets and calculate the total airflow.

	2. Measure fan static pressures as follows to determine actual static pressure:
	a. Measure outlet static pressure as far downstream from the fan as practical and upstream from restrictions in ducts such as elbows and transitions.
	b. Measure static pressure directly at the fan outlet or through the flexible connection.
	c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as possible, upstream from the flexible connection, and downstream from duct restrictions.
	d. Measure inlet static pressure of double-inlet fans through the wall of the plenum that houses the fan.

	3. Measure static pressure across each component that makes up an air-handling unit, rooftop unit, and other air-handling and -treating equipment.
	a. Report the cleanliness status of filters and the time static pressures are measured.

	4. Measure static pressures entering and leaving other devices, such as sound traps, heat-recovery equipment, and air washers, under final balanced conditions.
	5. Review Record Documents to determine variations in design static pressures versus actual static pressures.  Calculate actual system-effect factors.  Recommend adjustments to accommodate actual conditions.
	6. Obtain approval from Architect    for adjustment of fan speed higher or lower than indicated speed.  Comply with requirements in Division 23 Sections for air-handling units for adjustment of fans, belts, and pulley sizes to achieve indicated air-ha...
	7. Do not make fan-speed adjustments that result in motor overload.  Consult equipment manufacturers about fan-speed safety factors.  Modulate dampers and measure fan-motor amperage to ensure that no overload will occur.  Measure amperage in full-cool...

	B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated airflows within specified tolerances.
	1. Measure airflow of submain and branch ducts.
	a. Where sufficient space in submain and branch ducts is unavailable for Pitot-tube traverse measurements, measure airflow at terminal outlets and inlets and calculate the total airflow for that zone.

	2. Measure static pressure at a point downstream from the balancing damper, and adjust volume dampers until the proper static pressure is achieved.
	3. Remeasure each submain and branch duct after all have been adjusted.  Continue to adjust submain and branch ducts to indicated airflows within specified tolerances.

	C. Measure air outlets and inlets without making adjustments.
	1. Measure terminal outlets using a direct-reading hood or outlet manufacturer's written instructions and calculating factors.

	D. Adjust air outlets and inlets for each space to indicated airflows within specified tolerances of indicated values.  Make adjustments using branch volume dampers rather than extractors and the dampers at air terminals.
	1. Adjust each outlet in same room or space to within specified tolerances of indicated quantities without generating noise levels above the limitations prescribed by the Contract Documents.
	2. Adjust patterns of adjustable outlets for proper distribution without drafts.


	3.6 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS
	A. Compensating for Diversity:  When the total airflow of all terminal units is more than the indicated airflow of the fan, place a selected number of terminal units at a minimum set-point airflow with the remainder at maximum-airflow condition until ...
	B. Pressure-Independent, Variable-Air-Volume Systems:  After the fan systems have been adjusted, adjust the variable-air-volume systems as follows:
	1. Set outdoor-air dampers at minimum, and set return- and exhaust-air dampers at a position that simulates full-cooling load.
	2. Select the terminal unit that is most critical to the supply-fan airflow and static pressure.  Measure static pressure.  Adjust system static pressure so the entering static pressure for the critical terminal unit is not less than the sum of the te...
	3. Measure total system airflow.  Adjust to within indicated airflow.
	4. Set terminal units at maximum airflow and adjust controller or regulator to deliver the designed maximum airflow.  Use terminal-unit manufacturer's written instructions to make this adjustment.  When total airflow is correct, balance the air outlet...
	5. Set terminal units at minimum airflow and adjust controller or regulator to deliver the designed minimum airflow.  Check air outlets for a proportional reduction in airflow the same as described for constant-volume air systems.
	a. If air outlets are out of balance at minimum airflow, report the condition but leave outlets balanced for maximum airflow.

	6. Remeasure the return airflow to the fan while operating at maximum return airflow and minimum outdoor airflow.
	a. Adjust the fan and balance the return-air ducts and inlets the same as described for constant-volume air systems.

	7. Measure static pressure at the most critical terminal unit and adjust the static-pressure controller at the main supply-air sensing station to ensure that adequate static pressure is maintained at the most critical unit.
	8. Record final fan-performance data.


	3.7 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS
	A. Prepare test reports with pertinent design data, and number in sequence starting at pump to end of system.  Check the sum of branch-circuit flows against the approved pump flow rate.  Correct variations that exceed plus or minus 5 percent.
	B. Prepare schematic diagrams of systems' "as-built" piping layouts.
	C. Prepare hydronic systems for testing and balancing according to the following, in addition to the general preparation procedures specified above:
	1. Open all manual valves for maximum flow.
	2. Check liquid level in expansion tank.
	3. Check makeup water-station pressure gage for adequate pressure for highest vent.
	4. Check flow-control valves for specified sequence of operation, and set at indicated flow.
	5. Set differential-pressure control valves at the specified differential pressure.  Do not set at fully closed position when pump is positive-displacement type unless several terminal valves are kept open.
	6. Set system controls so automatic valves are wide open to heat exchangers.
	7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so motor nameplate rating is not exceeded.
	8. Check air vents for a forceful liquid flow exiting from vents when manually operated.


	3.8 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS
	A. Measure water flow at pumps.  Use the following procedures except for positive-displacement pumps:
	1. Verify impeller size by operating the pump with the discharge valve closed.  Read pressure differential across the pump.  Convert pressure to head and correct for differences in gage heights.  Note the point on manufacturer's pump curve at zero flo...
	a. If impeller sizes must be adjusted to achieve pump performance, obtain approval from Architect  and comply with requirements in Division 23 Section "Hydronic Pumps."

	2. Check system resistance.  With all valves open, read pressure differential across the pump and mark pump manufacturer's head-capacity curve.  Adjust pump discharge valve until indicated water flow is achieved.
	a. Monitor motor performance during procedures and do not operate motors in overload conditions.

	3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower for the system based on pump manufacturer's performance data.  Compare calculated brake horsepower with nameplate data on the pump motor.  Report conditions where actual a...
	4. Report flow rates that are not within plus or minus 10 percent of design.

	B. Measure flow at all automatic flow control valves to verify that valves are functioning as designed.
	C. Measure flow at all pressure-independent characterized control valves, with valves in fully open position, to verify that valves are functioning as designed.
	D. Set calibrated balancing valves, if installed, at calculated pre settings.
	E. Measure flow at all stations and adjust, where necessary, to obtain first balance.
	1. System components that have Cv rating or an accurately cataloged flow-pressure-drop relationship may be used as a flow-indicating device.

	F. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 percent greater than indicated flow.
	G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows:
	1. Determine the balancing station with the highest percentage over indicated flow.
	2. Adjust each station in turn, beginning with the station with the highest percentage over indicated flow and proceeding to the station with the lowest percentage over indicated flow.
	3. Record settings and mark balancing devices.

	H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump heads, and systems' pressures and temperatures including outdoor-air temperature.
	I. Measure the differential-pressure-control-valve settings existing at the conclusion of balancing.
	J. Check settings and operation of each safety valve.  Record settings.

	3.9 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS
	A. Balance systems with automatic two- and three-way control valves by setting systems at maximum flow through heat-exchange terminals and proceed as specified above for hydronic systems.

	3.10 PROCEDURES FOR HEAT-TRANSFER COILS
	A. Measure, adjust, and record the following data for each water coil:
	1. Entering- and leaving-water temperature.
	2. Water flow rate.
	3. Water pressure drop.
	4. Dry-bulb temperature of entering and leaving air.
	5. Wet-bulb temperature of entering and leaving air for cooling coils.
	6. Airflow.
	7. Air pressure drop.

	B. Measure, adjust, and record the following data for each electric heating coil:
	1. Nameplate data.
	2. Airflow.
	3. Entering- and leaving-air temperature at full load.
	4. Voltage and amperage input of each phase at full load and at each incremental stage.
	5. Calculated kilowatt at full load.
	6. Fuse or circuit-breaker rating for overload protection.

	C. Measure, adjust, and record the following data for each steam coil:
	1. Dry-bulb temperature of entering and leaving air.
	2. Airflow.
	3. Air pressure drop.
	4. Inlet steam pressure.

	D. Measure, adjust, and record the following data for each refrigerant coil:
	1. Dry-bulb temperature of entering and leaving air.
	2. Wet-bulb temperature of entering and leaving air.
	3. Airflow.
	4. Air pressure drop.
	5. Refrigerant suction pressure and temperature.


	3.11 PROCEDURES FOR TEMPERATURE MEASUREMENTS
	A. During TAB, report the need for adjustment in temperature regulation within the automatic temperature-control system.
	B. Measure indoor wet- and dry-bulb temperatures every other hour for a period of two successive eight-hour days, in each separately controlled zone, to prove correctness of final temperature settings.  Measure when the building or zone is occupied.
	C. Measure outside-air, wet- and dry-bulb temperatures.

	3.12 TEMPERATURE-CONTROL VERIFICATION
	A. Verify that controllers are calibrated.
	B. Check transmitter and controller locations and note conditions that would adversely affect control functions.
	C. Record controller settings and note variances between set points and actual measurements.
	D. Check the operation of limiting controllers (i.e., high- and low-temperature controllers).
	E. Check free travel and proper operation of control devices such as damper and valve operators.
	F. Check the sequence of operation of control devices.  Note air pressures and device positions and correlate with airflow and water flow measurements.  Note the speed of response to input changes.
	G. Check the interaction of electrically operated switch transducers.
	H. Check the interaction of interlock and lockout systems.
	I. Check main control supply-air pressure and observe compressor and dryer operations.
	J. Record voltages of power supply and controller output.  Determine whether the system operates on a grounded or nongrounded power supply.
	K. Note operation of electric actuators using spring return for proper fail-safe operations.

	3.13 TOLERANCES
	A. Set HVAC system's air flow rates and water flow rates within the following tolerances:
	1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus, or minus 10 percent.
	2. Air Outlets and Inlets:  Plus, or minus 10 percent.
	3. Heating-Water Flow Rate:  Plus, or minus 10 percent.
	4. Cooling-Water Flow Rate:  Plus, or minus 10 percent.


	3.14 REPORTING
	A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as specified in "Examination" Article, prepare a report on the adequacy of design for systems' balancing devices submitted within 30 days or written authorization to...
	B. Status Reports:  Prepare biweekly   progress reports to describe completed procedures, procedures in progress, and scheduled procedures.  Include a list of deficiencies and problems found in systems being tested and balanced.  Prepare a separate re...

	3.15 FINAL REPORT
	A. General:  Prepare a certified written report within 30 days of completion of balancing; tabulate and divide the report into separate sections for tested systems and balanced systems.
	1. Include a certification sheet at the front of the report's binder, signed and sealed by the certified testing and balancing engineer.
	2. Include a list of instruments used for procedures, along with proof of calibration.

	B. Final Report Contents:  In addition to certified field-report data, include the following:
	1. Pump curves.
	2. Fan curves.
	3. Manufacturers' test data.
	4. Field test reports prepared by system and equipment installers.
	5. Other information relative to equipment performance; do not include Shop Drawings and product data.

	C. General Report Data:  In addition to form titles and entries, include the following data:
	1. Title page.
	2. Name and address of the TAB contractor.
	3. Project name.
	4. Project location.
	5. Architect's name and address.
	6. Engineer's name and address.
	7. Contractor's name and address.
	8. Report date.
	9. Signature of TAB supervisor who certifies the report.
	10. Table of Contents with the total number of pages defined for each section of the report.  Number each page in the report.
	11. Summary of contents including the following:
	a. Indicated versus final performance.
	b. Notable characteristics of systems.
	c. Description of system operation sequence if it varies from the Contract Documents.

	12. Nomenclature sheets for each item of equipment.
	13. Data for terminal units, including manufacturer's name, type, size, and fittings.
	14. Notes to explain why certain final data in the body of reports vary from indicated values.
	15. Test conditions for fans and pump performance forms including the following:
	a. Settings for outdoor-, return-, and exhaust-air dampers.
	b. Conditions of filters.
	c. Cooling coil, wet- and dry-bulb conditions.
	d. Face and bypass damper settings at coils.
	e. Fan drive settings including settings and percentage of maximum pitch diameter.
	f. Inlet vane settings for variable-air-volume systems.
	g. Settings for supply-air, static-pressure controller.
	h. Other system operating conditions that affect performance.


	D. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present each system with single-line diagram and include the following:
	1. Quantities of outdoor, supply, return, and exhaust airflows.
	2. Water and steam flow rates.
	3. Duct, outlet, and inlet sizes.
	4. Pipe and valve sizes and locations.
	5. Terminal units.
	6. Balancing stations.
	7. Position of balancing devices.

	E. Fan Test Reports:  For supply, return, and exhaust fans, include the following:
	1. Fan Data:
	a. System identification.
	b. Location.
	c. Make and type.
	d. Model number and size.
	e. Manufacturer's serial number.
	f. Arrangement and class.
	g. Sheave make, size in 31Tinches31T, and bore.
	h. Center-to-center dimensions of sheave, and amount of adjustments in 31Tinches31T.

	2. Motor Data:
	a. Motor make, and frame type and size.
	b. Horsepower and rpm.
	c. Volts, phase, and hertz.
	d. Full-load amperage and service factor.
	e. Sheave make, size in 31Tinches31T, and bore.
	f. Center-to-center dimensions of sheave, and amount of adjustments in 31Tinches31T.
	g. Number, make, and size of belts.

	3. Test Data (Indicated and Actual Values):
	a. Total airflow rate in 31Tcfm31T.
	b. Total system static pressure in 31Tinches wg31T.
	c. Fan rpm.
	d. Discharge static pressure in 31Tinches wg31T.
	e. Suction static pressure in 31Tinches wg31T.


	F. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a diagram with a grid representing the duct cross-section and record the following:
	1. Report Data:
	a. System and air-handling-unit number.
	b. Location and zone.
	c. Traverse air temperature in 31Tdeg F31T.
	d. Duct static pressure in 31Tinches wg31T.
	e. Duct size in 31Tinches31T.
	f. Duct area in 31Tsq. ft.
	g. Indicated air flow rate in 31Tcfm31T.
	h. Indicated velocity in 31Tfpm31T.
	i. Actual air flow rate in 31Tcfm31T.
	j. Actual average velocity in 31Tfpm31T.
	k. Barometric pressure in 31Tpsig31T.


	G. Air-Terminal-Device Reports:
	1. Unit Data:
	a. System and air-handling unit identification.
	b. Location and zone.
	c. Apparatus used for test.
	d. Area served.
	e. Make.
	f. Number from system diagram.
	g. Type and model number.
	h. Size.
	i. Effective area in 31Tsq. ft.

	2. Test Data (Indicated and Actual Values):
	a. Air flow rate in 31Tcfm31T.
	b. Air velocity in 31Tfpm31T.
	c. Preliminary air flow rate as needed in 31Tcfm31T.
	d. Preliminary velocity as needed in 31Tfpm31T.
	e. Final air flow rate in 31Tcfm31T.
	f. Final velocity in 31Tfpm31T.
	g. Space temperature in 31Tdeg F31T.


	H. System-Coil Reports:  For reheat coils and water coils of terminal units, include the following:
	1. Unit Data:
	a. System and air-handling-unit identification.
	b. Location and zone.
	c. Room or riser served.
	d. Coil make and size.
	e. Flowmeter type.

	2. Test Data (Indicated and Actual Values):
	a. Air flow rate in 31Tcfm31T.
	b. Entering-water temperature in 31Tdeg F31T.
	c. Leaving-water temperature in 31Tdeg F31T.
	d. Water pressure drop in 31Tfeet of head or psig31T.
	e. Entering-air temperature in 31Tdeg F31T.
	f. Leaving-air temperature in 31Tdeg F31T.


	I. Instrument Calibration Reports:
	1. Report Data:
	a. Instrument type and make.
	b. Serial number.
	c. Application.
	d. Dates of use.
	e. Dates of calibration.



	3.16 INSPECTIONS
	A. Initial Inspection:
	1. After testing and balancing are complete, operate each system and randomly check measurements to verify that the system is operating according to the final test and balance readings documented in the final report.
	2. Check the following for each system:
	a. Measure airflow of at least 10 percent of air outlets.
	b. Measure water flow of at least 5 percent of terminals.
	c. Measure room temperature at each thermostat/temperature sensor.  Compare the reading to the set point.
	d. Verify that balancing devices are marked with final balance position.
	e. Note deviations from the Contract Documents in the final report.


	B. Final Inspection:
	1. After initial inspection is complete and documentation by random checks verifies that testing and balancing are complete and accurately documented in the final report, request that a final inspection be made by Owner.
	2. The TAB contractor's test and balance engineer shall conduct the inspection in the presence of Owner.
	3.  Owner   shall randomly select measurements, documented in the final report, to be rechecked.  Rechecking shall be limited to either 10 percent of the total measurements recorded or the extent of measurements that can be accomplished in a normal 8-...
	4. If rechecks yield measurements that differ from the measurements documented in the final report by more than the tolerances allowed, the measurements shall be noted as "FAILED."
	5. If the number of "FAILED" measurements is greater than 10 percent of the total measurements checked during the final inspection, the testing and balancing shall be considered incomplete and shall be rejected.

	C. TAB Work will be considered defective if it does not pass final inspections.  If TAB Work fails, proceed as follows:
	1. Recheck all measurements and make adjustments.  Revise the final report and balancing device settings to include all changes; resubmit the final report and request a second final inspection.
	2. If the second final inspection also fails, Owner may contract the services of another TAB contractor to complete TAB Work according to the Contract Documents and deduct the cost of the services from the original TAB contractor's final payment.

	D. Prepare test and inspection reports.

	3.17 ADDITIONAL TESTS
	A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions are being maintained throughout and to correct unusual conditions.
	B. Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and winter conditions, perform additional TAB during near-peak summer and winter conditions.



	230713 fl - duct insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following duct services:
	1. Indoor concealed ductwork and plenums
	2. Indoor exposed ductwork.

	B. Related Sections:
	1. Section 230716 "HVAC Equipment Insulation."
	2. Section 230719 "HVAC Piping Insulation."
	3. Section 233113 "Metal Ducts" for duct liners.


	1.3 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory- and field-applied if any).
	B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work.
	1. Detail application of protective shields, saddles, and inserts at hangers for each type of insulation and hanger.
	2. Detail insulation application at elbows, fittings, dampers, specialties, and flanges for each type of insulation.
	3. Detail application of field-applied jackets.
	4. Detail application at linkages of control devices.


	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data:  For qualified Installer.
	B. Material Test Reports:  From a qualified testing agency acceptable to authorities having jurisdiction indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, attachments, cements, and jackets, with req...

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket mate...
	1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed index of 50 or less.


	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.
	B. Comply with the requirements of the construction indoor air quality management plan and the construction waste management plan.

	1.7 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
	B. Coordinate clearance requirements with duct Installer for duct insulation application.  Before preparing ductwork Shop Drawings, establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes and...
	C. Coordinate installation and testing of heat tracing.

	1.8 SCHEDULING
	A. Schedule insulation application after pressure testing systems and, where required, after installing and testing heat tracing.  Insulation application may begin on segments that have satisfactory test results.


	PART 2 -  PRODUCTS
	2.1 PRODUCT REQUIREMENTS FOR SUSTAINABLE DESIGN- GENERAL
	A. All field applied paints, coatings, sealants, sealer, adhesives in this section shall meet the requirements of VOC limits in 016116- Indoor Finishes Performance Requirements.

	2.2 INSULATION MATERIALS
	A. Comply with requirements in "Duct Insulation Schedule, General," and "Indoor Duct and Plenum Insulation Schedule," articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSK jacket.  Factory-applied jacket requirements are specified in "Factory...
	1. 41TProducts41T:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. CertainTeed Corp.; SoftTouch Duct Wrap.
	b. Johns Manville; Microlite.
	c. Knauf Insulation; Friendly Feel Duct Wrap.
	d. Owens Corning; SOFTR All-Service Duct Wrap.


	E. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with ASTM C 612, Type IA or Type IB.  For duct and plenum applications, provide insulation with factory-applied FSK jacket.  Factory-applied jacket ...
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. CertainTeed Corp.; Commercial Board.
	b. Fibrex Insulations Inc.; FBX.
	c. Johns Manville; 800 Series Spin-Glas.
	d. Knauf Insulation; Insulation Board.
	e. Manson Insulation Inc.; AK Board.
	f. Owens Corning; Fiberglas 700 Series.



	2.3 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
	B. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-127.Eagle Bridges - Marathon Industries; 225.
	b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-60/85-70.Mon-Eco Industries, Inc.; 22-25.

	2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	3. Adhesive shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

	C. FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-82.
	b. Eagle Bridges - Marathon Industries; 225.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-50.Mon-Eco Industries, Inc.; 22-25.

	2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	3. Adhesive shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."


	2.4 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

	B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below ambient services.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-80/30-90.
	b. Vimasco Corporation; 749.

	2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 33T0.013 perm33T at 33T43-mil33T dry film thickness.
	3. Service Temperature Range:  33TMinus 20 to plus 180 deg F33T.
	4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight.
	5. Color:  White.

	C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below ambient services.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-30.
	b. Eagle Bridges - Marathon Industries; 501.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-35.
	d. Mon-Eco Industries, Inc.; 55-10.

	2. Water-Vapor Permeance:  ASTM F 1249, 33T0.05 perm33T at 33T35-mil33T dry film thickness.
	3. Service Temperature Range:  33T0 to 180 deg F33T.
	4. Solids Content:  ASTM D 1644, 44 percent by volume and 62 percent by weight.
	5. Color:  White.

	D. Breather Mastic:  Water based; suitable for indoor and outdoor use on above ambient services.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-10.
	b. Eagle Bridges - Marathon Industries; 550.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 46-50.
	d. Mon-Eco Industries, Inc.; 55-50.
	e. Vimasco Corporation; WC-1/WC-5.

	2. Water-Vapor Permeance:  ASTM F 1249, 33T1.8 perms33T at 33T0.0625-inch33T dry film thickness.
	3. Service Temperature Range:  33TMinus 20 to plus 180 deg F33T.
	4. Solids Content:  60 percent by volume and 66 percent by weight.
	5. Color:  White.


	2.5 LAGGING ADHESIVES
	A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with insulation materials, jackets, and substrates.
	1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	2. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-50 AHV2.Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-36.
	b. Vimasco Corporation; 713 and 714.

	3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-resistant lagging cloths over duct insulation.
	4. Service Temperature Range:  33T0 to plus 180 deg F33T.
	5. Color:  White.


	2.6 SEALANTS
	A. FSK and Metal Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-76.Eagle Bridges - Marathon Industries; 405.
	b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 95-44.
	c. Mon-Eco Industries, Inc.; 44-05.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  33TMinus 40 to plus 250 deg F33T.
	5. Color:  Aluminum.
	6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	7. Sealants shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."


	2.7 FACTORY-APPLIED JACKETS
	A. Insulation system schedules indicate factory-applied jackets on various applications.  When factory-applied jackets are indicated, comply with the following or approved equal:
	1. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with ASTM C 1136, Type II.


	2.8 TAPES
	A. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. ABI, Ideal Tape Division; 491 AWF FSK.
	b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
	c. Compac Corporation; 110 and 111.
	d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ.

	2. Width:  33T3 inches33T.
	3. Thickness:  33T6.5 mils33T.
	4. Adhesion:  33T90 ounces force/inch33T in width.
	5. Elongation:  2 percent.
	6. Tensile Strength:  33T40 lbf/inch33T in width.
	7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape.


	2.9 SECUREMENTS
	A. Bands:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. ITW Insulation Systems; Gerrard Strapping and Seals.
	b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

	2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304; 33T0.015 inch33T thick, 33T1/2 inch33T wide with wing seal or closed seal.
	3. Aluminum:  33TASTM B 20933T, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 33T0.020 inch33T thick, 33T1/2 inch33T wide with wing seal or closed seal.
	4. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted to accept metal bands.  Spring size determined by manufacturer for application.

	B. Insulation Pins and Hangers:
	1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for capacitor-discharge welding, 33T0.106-inch-33T diameter shank, length to suit depth of insulation indicated.
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	1) AGM Industries, Inc.; CWP-1.
	2) GEMCO; CD.
	3) Midwest Fasteners, Inc.; CD.
	4) Nelson Stud Welding; TPA, TPC, and TPS.


	2. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for capacitor-discharge welding, 33T0.106-inch-33T diameter shank, length to suit depth of insulation indicated with integral 33T1-1/2-inch33T galvanized ...
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	1) AGM Industries, Inc.; CHP-1.
	2) GEMCO; Cupped Head Weld Pin.
	3) Midwest Fasteners, Inc.; Cupped Head.
	4) Nelson Stud Welding; CHP.


	3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate welded to projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place.  Comply with...
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	1) AGM Industries, Inc.; Tactoo Perforated Base Insul-Hangers.
	2) GEMCO; Perforated Base.
	3) Midwest Fasteners, Inc.; Spindle.

	b. Baseplate:  Perforated, galvanized carbon-steel sheet, 33T0.030 inch33T thick by 33T2 inches33T square.
	c. Spindle:  Copper- or zinc-coated, low-carbon steel, fully annealed, 33T0.106-inch-33T diameter shank, length to suit depth of insulation indicated.
	d. Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated capability to bond insulation hanger securely to substrates indicated without damaging insulation, hangers, and substrates.

	4. Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate fastened to projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place.  Comply...
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	1) GEMCO; Nylon Hangers.
	2) Midwest Fasteners, Inc.; Nylon Insulation Hangers.

	b. Baseplate:  Perforated, nylon sheet, 33T0.030 inch33T thick by 33T1-1/2 inches33T in diameter.
	c. Spindle:  Nylon, 33T0.106-inch-33T diameter shank, length to suit depth of insulation indicated, up to 33T2-1/2 inches33T.
	d. Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated capability to bond insulation hanger securely to substrates indicated without damaging insulation, hangers, and substrates.

	5. Self-Sticking-Base Insulation Hangers:  Baseplate welded to projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place.  Comply with the following requirements:
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	1) AGM Industries, Inc.; Tactoo Self-Adhering Insul-Hangers.
	2) GEMCO; Peel & Press.
	3) Midwest Fasteners, Inc.; Self Stick.

	b. Baseplate:  Galvanized carbon-steel sheet, 33T0.030 inch33T thick by 33T2 inches33T square.
	c. Spindle:  Copper- or zinc-coated, low-carbon steel, fully annealed, 33T0.106-inch-33T diameter shank, length to suit depth of insulation indicated.
	d. Adhesive-backed base with a peel-off protective cover.

	6. Insulation-Retaining Washers:  Self-locking washers formed from 33T0.016-inch-33T thick, galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in place but not less than 33T1-1/2 inches33T in diameter.
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	1) AGM Industries, Inc.; RC-150.
	2) GEMCO; R-150.
	3) Midwest Fasteners, Inc.; WA-150.
	4) Nelson Stud Welding; Speed Clips.

	b. Protect ends with capped self-locking washers incorporating a spring steel insert to ensure permanent retention of cap in exposed locations.


	C. Staples:  Outward-clinching insulation staples, nominal 33T3/4-inch-33T wide, stainless steel or Monel.
	D. Wire:  33T0.062-inch33T soft-annealed, stainless steel.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. C & F Wire.



	2.10 CORNER ANGLES
	A. PVC Corner Angles:  33T30 mils33T thick, minimum 33T1 by 1 inch33T, PVC according to ASTM D 1784, Class 16354-C.  White or color-coded to match adjacent surface.
	B. Aluminum Corner Angles:  33T0.040 inch33T thick, minimum 33T1 by 1 inch33T, aluminum according to 33TASTM B 20933T, Alloy 3003, 3005, 3105, or 5005; Temper H-14.
	C. Stainless-Steel Corner Angles:  33T0.024 inch33T thick, minimum 33T1 by 1-inch33T, stainless steel according to ASTM A 167 or ASTM A 240/A 240M, Type 304.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	1. Verify that systems to be insulated have been tested and are free of defects.
	2. Verify that surfaces to be insulated are clean and dry.

	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect insulation application.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces, free of voids throughout the length of ducts and fittings.
	B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for each item of duct system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service.  Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Keep insulation materials dry during application and finishing.
	G. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by insulation material manufacturer.
	H. Install insulation with least number of joints practical.
	I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	1. Install insulation continuously through hangers and around anchor attachments.
	2. For insulation application where vapor barriers are indicated, extend insulation on anchor legs from point of attachment to supported item to point of attachment to structure.  Taper and seal ends at attachment to structure with vapor-barrier mastic.
	3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to insulation inserts with adhesive or sealing compound recommended by insulation material manufacturer.

	J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	K. Install insulation with factory-applied jackets as follows:
	1. Draw jacket tight and smooth.
	2. Cover circumferential joints with 33T3-inch-33T wide strips, of same material as insulation jacket.  Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 33T4 inches33T o.c.
	3. Overlap jacket longitudinal seams at least 33T1-1/2 inches33T.  Clean and dry surface to receive self-sealing lap.  Staple laps with outward clinching staples along edge at 33T4 inches33T o.c.
	a. For below ambient services, apply vapor-barrier mastic over staples.

	4. Cover joints and seams with tape, according to insulation material manufacturer's written instructions, to maintain vapor seal.
	5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at ends adjacent to duct flanges and fittings.

	L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	M. Finish installation with systems at operating conditions.  Repair joint separations and cracking due to thermal movement.
	N. Repair damaged insulation facings by applying same facing material over damaged areas.  Extend patches at least 33T4 inches33T beyond damaged areas.  Adhere, staple, and seal patches similar to butt joints.

	3.4 PENETRATIONS
	A. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  Install insulation continuously through walls and partitions.
	B. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire damper sleeves for fire-rated wall and partition penetrations.  Externally insulate damper sleeves to match adjacent insulation and overlap duct in...
	1. Comply with requirements in Section 078413 "Penetration Firestopping"irestopping and fire-resistive joint sealers.


	3.5 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins.
	1. Apply adhesives according to manufacturer's recommended coverage rates per unit area.
	2. Apply adhesive to entire circumference of ducts (except top horizontal surface of rectangular ducts) and to all surfaces of fittings and transitions.
	3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows:
	a. On duct sides with dimensions 33T18 inches33T and smaller, place pins along longitudinal centerline of duct.  Space 33T3 inches33T maximum from insulation end joints, and 33T16 inches33T o.c.
	b. On duct sides with dimensions larger than 33T18 inches33T, place pins 33T16 inches33T o.c. each way, and 33T3 inches33T maximum from insulation joints.  Install additional pins to hold insulation tightly against surface at cross bracing.
	c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
	d. Do not over compress insulation during installation.
	e. Impale insulation over pins and attach speed washers.
	f. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.  Cover exposed pins and washers with tape matching insulation facing.

	4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with insulation by removing 33T2 inches33T from one edge and one end of insulatio...
	a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal.
	b. Install vapor stops for ductwork and plenums operating below 33T50 deg F33T at 33T18-foot33T intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along butt end of insulation, and over th...

	5. Overlap unfaced blankets a minimum of 33T2 inches33T on longitudinal seams and end joints.  At end joints, secure with steel bands spaced a maximum of 33T18 inches33T o.c.
	6. Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface.  Install insulation on round and flat-oval duct elbows with individually mitered gores cut to fit the elbow.
	7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 33T6-inch-33T wide strips of same material used to insulate duct.  Secure on alternating sides of stiffener, hanger, and flange with pins spaced 33T6 inches...

	B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins.
	1. Apply adhesives according to manufacturer's recommended coverage rates per unit area.
	2. Apply adhesive to entire circumference of ducts (except top horizontal surface of rectangular duct) and to all surfaces of fittings and transitions.
	3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows:
	a. On duct sides with dimensions 33T18 inches33T and smaller, place pins along longitudinal centerline of duct.  Space 33T3 inches33T maximum from insulation end joints, and 33T16 inches33T o.c.
	b. On duct sides with dimensions larger than 33T18 inches33T, space pins 33T16 inches33T o.c. each way, and 33T3 inches33T maximum from insulation joints.  Install additional pins to hold insulation tightly against surface at cross bracing.
	c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
	d. Do not over compress insulation during installation.
	e. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.  Cover exposed pins and washers with tape matching insulation facing.

	4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with insulation by removing 33T2 inches33T from one edge and one end of insulatio...
	a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal.
	b. Install vapor stops for ductwork and plenums operating below 33T50 deg F33T at 33T18-foot33T intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along butt end of insulation, and over th...

	5. Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface.  Groove and score insulation to fit as closely as possible to outside and inside radius of elbows.  Install insulation on round and flat-...
	6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 33T6-inch-33T wide strips of same material used to insulate duct.  Secure on alternating sides of stiffener, hanger, and flange with pins spaced 33T6 inches...


	3.6 DUCT INSULATION SCHEDULE, GENERAL
	A. Items Not Insulated:
	1. Fibrous-glass ducts.
	2. Metal ducts with duct liner of sufficient thickness to comply with energy code and ASHRAE/IESNA 90.1.
	3. Factory-insulated flexible ducts.
	4. Factory-insulated plenums and casings.
	5. Flexible connectors.
	6. Vibration-control devices.
	7. Factory-insulated access panels and doors.
	8. Exhaust and transfer ducts connected to exhaust or transfer fans.


	3.7 INDOOR DUCT AND PLENUM INSULATION SCHEDULE
	A. All ductwork (supply, return, outside air and relief air) concealed inside building envelope in unconditioned spaces shall be insulated as follows:
	1. Mineral-Fiber Blanket:  33T1-1/2 inches33T thick and 33T1.5-lb/cu. ft.33T nominal density.

	B. All concealed outside air intake and relief air plenums shall be insulated as follows:
	1. Mineral-Fiber Board:  33T2 inches33T thick and 33T3-lb/cu. ft.33T nominal density.

	C. All exposed ductwork (Supply, return, outside air intake and relief air) exposed inside building envelope shall be insulated as follows:
	1. Mineral-Fiber Board:  33T1-1/2 inches33T thick and 33T3-lb/cu. ft.33T nominal density.




	230719 fl - hvac piping insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following HVAC piping systems:
	1. Condensate drain piping, indoors and outdoors.
	2. Glycol-water piping, indoors and outdoors.
	3. Heating hot-water piping, indoors.
	4. Steam and steam condensate piping, indoors.
	5. Refrigerant suction piping, indoors and outdoors.

	B. Related Sections:
	1. Section 230713 "Duct Insulation."
	2. Section 230716 "HVAC Equipment Insulation."


	1.3 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory and field applied if any).
	B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work.
	1. Detail application of protective shields, saddles, and inserts at hangers for each type of insulation and hanger.
	2. Detail insulation application at pipe expansion joints for each type of insulation.
	3. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each type of insulation.
	4. Detail removable insulation at piping specialties.
	5. Detail application of field-applied jackets.
	6. Detail application at linkages of control devices.


	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data:  For qualified Installer.

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation ...
	1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed index of 50 or less.
	2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-developed index of 150 or less.


	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.
	B. Comply with the requirements of the construction indoor air quality management plan and the construction waste management plan.

	1.7 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
	B. Coordinate clearance requirements with piping Installer for piping insulation application.  Before preparing piping Shop Drawings, establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes a...

	1.8 SCHEDULING
	A. Schedule insulation application after pressure testing systems and, where required, after installing and testing heat tracing.  Insulation application may begin on segments that have satisfactory test results.
	B. Complete installation and concealment of plastic materials as rapidly as possible in each area of construction.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground Piping Insulation Schedule" articles for where insulating materials...
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	D. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply with ASTM C 534, Type I for tubular materials.
	1. 41TProducts41T:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Aeroflex USA, Inc.; Aerocel.
	b. Armacell LLC; AP Armaflex.
	c. K-Flex USA; Insul-Lock, Insul-Tube, and K-FLEX LS.


	E. Mineral-Fiber, Preformed Pipe Insulation:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Johns Manville; Micro-Lok.
	b. Knauf Insulation; 1000-Degree Pipe Insulation.
	c. Owens Corning; Fiberglas Pipe Insulation.

	2. Type I, 33T850 deg F33T Materials:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.


	2.2 INSULATING CEMENTS
	A. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Ramco Insulation, Inc.; Super-Stik.


	B. Expanded or Exfoliated Vermiculite Insulating Cement:  Comply with ASTM C 196.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Ramco Insulation, Inc.; Thermokote V.


	C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with ASTM C 449.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote.



	2.3 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
	B. Flexible Elastomeric Adhesive:  Comply with MIL-A-24179A, Type II, Class I.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Aeroflex USA, Inc.; Aeroseal.
	b. Armacell LLC; Armaflex 520 Adhesive.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-75.
	d. K-Flex USA; R-373 Contact Adhesive.

	2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	3. Adhesive shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

	C. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-127.
	b. Eagle Bridges  - Marathon Industries; 225.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-60/85-70.
	d. Mon-Eco Industries, Inc.; 22-25.

	2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	3. Adhesive shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

	D. ASJ Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-82.
	b. Eagle Bridges  - Marathon Industries; 225.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-50.
	d. Mon-Eco Industries, Inc.; 22-25.

	2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	3. Adhesive shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

	E. PVC Jacket Adhesive:  Compatible with PVC jacket.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Dow Corning Corporation; 739, Dow Silicone.
	b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive.
	c. P.I.C. Plastics, Inc.; Welding Adhesive.
	d. Speedline Corporation; Polyco VP Adhesive.

	2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	3. Adhesive shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."


	2.4 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

	B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below-ambient services.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-80/30-90.
	b. Vimasco Corporation; 749.

	2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 33T0.013 perm33T at 33T43-mil33T dry film thickness.
	3. Service Temperature Range:  33TMinus 20 to plus 180 deg F33T.
	4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight.
	5. Color:  White.

	C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below-ambient services.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-30.
	b. Eagle Bridges  - Marathon Industries; 501.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-35.
	d. Mon-Eco Industries, Inc.; 55-10.

	2. Water-Vapor Permeance:  ASTM F 1249, 33T0.05 perm33T at 33T35-mil33T dry film thickness.
	3. Service Temperature Range:  33T0 to 180 deg F33T.
	4. Solids Content:  ASTM D 1644, 44 percent by volume and 62 percent by weight.
	5. Color:  White.

	D. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below-ambient services.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; Encacel.
	b. Eagle Bridges  - Marathon Industries; 570.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 60-95/60-96.

	2. Water-Vapor Permeance:  ASTM F 1249, 33T0.05 perm33T at 33T30-mil33T dry film thickness.
	3. Service Temperature Range:  33TMinus 50 to plus 220 deg F33T.
	4. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent by weight.
	5. Color:  White.

	E. Breather Mastic:  Water based; suitable for indoor and outdoor use on above-ambient services.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-10.
	b. Eagle Bridges  - Marathon Industries; 550.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 46-50.
	d. Mon-Eco Industries, Inc.; 55-50.
	e. Vimasco Corporation; WC-1/WC-5.

	2. Water-Vapor Permeance:  ASTM F 1249, 33T1.8 perms33T at 33T0.0625-inch33T dry film thickness.
	3. Service Temperature Range:  33TMinus 20 to plus 180 deg F33T.
	4. Solids Content:  60 percent by volume and 66 percent by weight.
	5. Color:  White.


	2.5 LAGGING ADHESIVES
	A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with insulation materials, jackets, and substrates.
	1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	2. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-50 AHV2.
	b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-36.
	c. Vimasco Corporation; 713 and 714.

	3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-resistant lagging cloths over pipe insulation.
	4. Service Temperature Range:  33T0 to plus 180 deg F33T.
	5. Color:  White.


	2.6 SEALANTS
	A. Metal Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-76.
	b. Eagle Bridges  - Marathon Industries; 405.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 95-44.
	d. Mon-Eco Industries, Inc.; 44-05.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  33TMinus 40 to plus 250 deg F33T.
	5. Color:  Aluminum.
	6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	7. Sealants shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

	B. ASJ Flashing Sealants and PVC Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-76.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  33TMinus 40 to plus 250 deg F33T.
	5. Color:  White.
	6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	7. Sealants shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."


	2.7 FACTORY-APPLIED JACKETS
	A. Insulation system schedules indicate factory-applied jackets on various applications.  When factory-applied jackets are indicated, comply with the following or approved equal:
	1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; complying with ASTM C 1136, Type I.
	2. Vinyl Jacket:  White vinyl with a permeance of 33T1.3 perms33T when tested according to ASTM E 96/E 96M, Procedure A, and complying with NFPA 90A and NFPA 90B.


	2.8 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.  Thickness is indicated in field-applied jacket schedules.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Johns Manville; Zeston.
	b. P.I.C. Plastics, Inc.; FG Series.
	c. Proto Corporation; LoSmoke.
	d. Speedline Corporation; SmokeSafe.

	2. Adhesive:  As recommended by jacket material manufacturer.
	3. Color:  White.
	4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.
	a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and supply covers for lavatories.


	C. Metal Jacket:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; Metal Jacketing Systems.
	b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing.
	c. RPR Products, Inc.; Insul-Mate.

	2. Aluminum Jacket:  Comply with 33TASTM B 20933T, Alloy 3003, 3005, 3105, or 5005, Temper H-14.
	a.  Factory cut and rolled to size.
	b. Finish and thickness are indicated in field-applied jacket schedules.
	c. Moisture Barrier for Indoor Applications:  33T1-mil-33T thick, heat-bonded polyethylene and kraft paper.
	d. Moisture Barrier for Outdoor Applications:  33T3-mil-33T thick, heat-bonded polyethylene and kraft paper.
	e. Factory-Fabricated Fitting Covers:
	1) Same material, finish, and thickness as jacket.
	2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius elbows.
	3) Tee covers.
	4) Flange and union covers.
	5) End caps.
	6) Beveled collars.
	7) Valve covers.
	8) Field fabricate fitting covers only if factory-fabricated fitting covers are not available.




	2.9 TAPES
	A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C 1136.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. ABI, Ideal Tape Division; 428 AWF ASJ.
	b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836.
	c. Compac Corporation; 104 and 105.
	d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.

	2. Width:  33T3 inches33T.
	3. Thickness:  33T11.5 mils33T.
	4. Adhesion:  33T90 ounces force/inch33T in width.
	5. Elongation:  2 percent.
	6. Tensile Strength:  33T40 lbf/inch33T in width.
	7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape.

	B. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; suitable for indoor and outdoor applications.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. ABI, Ideal Tape Division; 370 White PVC tape.
	b. Compac Corporation; 130.
	c. Venture Tape; 1506 CW NS.

	2. Width:  33T2 inches33T.
	3. Thickness:  33T6 mils33T.
	4. Adhesion:  33T64 ounces force/inch33T in width.
	5. Elongation:  500 percent.
	6. Tensile Strength:  33T18 lbf/inch33T in width.


	2.10 SECUREMENTS
	A. Bands:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. ITW Insulation Systems; Gerrard Strapping and Seals.
	b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

	2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M,; 33T0.015 inch33T thick, 33T1/2 inch33T wide with wing seal or closed seal.
	3. Aluminum:  33TASTM B 20933T, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 33T0.020 inch33T thick, 33T1/2 inch33T wide with wing seal or closed seal.
	4. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted to accept metal bands.  Spring size determined by manufacturer for application.

	B. Staples:  Outward-clinching insulation staples, nominal 33T3/4-inch-33T wide, stainless steel or Monel.
	C. Wire:  33T0.062-inch33T soft-annealed, stainless steel.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	a. C & F Wire.




	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	1. Verify that systems to be insulated have been tested and are free of defects.
	2. Verify that surfaces to be insulated are clean and dry.
	3. Proceed with installation only after unsatisfactory conditions have been corrected.


	3.2 PREPARATION
	A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect insulation application.
	B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, apply a corrosion coating to insulated surfaces as follows:
	1. Carbon Steel:  Coat carbon steel operating at a service temperature between 33T32 and 300 deg F33T with an epoxy coating.  Consult coating manufacturer for appropriate coating materials and application methods for operating temperature range.

	C. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless-steel surfaces, use demineralized water.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of piping including fittings, valves, and specialties.
	B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of pipe system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service.  Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
	G. Keep insulation materials dry during application and finishing.
	H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by insulation material manufacturer.
	I. Install insulation with least number of joints practical.
	J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	1. Install insulation continuously through hangers and around anchor attachments.
	2. For insulation application where vapor barriers are indicated, extend insulation on anchor legs from point of attachment to supported item to point of attachment to structure.  Taper and seal ends at attachment to structure with vapor-barrier mastic.
	3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to insulation inserts with adhesive or sealing compound recommended by insulation material manufacturer.
	4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

	K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	L. Install insulation with factory-applied jackets as follows:
	1. Draw jacket tight and smooth.
	2. Cover circumferential joints with 33T3-inch-33T wide strips, of same material as insulation jacket.  Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 33T4 inches33T o.c.
	3. Overlap jacket longitudinal seams at least 33T1-1/2 inches33T.  Install insulation with longitudinal seams at bottom of pipe.  Clean and dry surface to receive self-sealing lap.  Staple laps with outward clinching staples along edge at 33T4 inches3...
	a. For below-ambient services, apply vapor-barrier mastic over staples.

	4. Cover joints and seams with tape, according to insulation material manufacturer's written instructions, to maintain vapor seal.
	5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at ends adjacent to pipe flanges and fittings.

	M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	N. Finish installation with systems at operating conditions.  Repair joint separations and cracking due to thermal movement.
	O. Repair damaged insulation facings by applying same facing material over damaged areas.  Extend patches at least 33T4 inches33T beyond damaged areas.  Adhere, staple, and seal patches similar to butt joints.
	P. For above-ambient services, do not install insulation to the following:
	1. Vibration-control devices.
	2. Testing agency labels and stamps.
	3. Nameplates and data plates.
	4. Manholes.
	5. Handholes.
	6. Cleanouts.


	3.4 PENETRATIONS
	A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof penetrations.
	1. Seal penetrations with flashing sealant.
	2. For applications requiring only indoor insulation, terminate insulation above roof surface and seal with joint sealant.  For applications requiring indoor and outdoor insulation, install insulation for outdoor applications tightly joined to indoor ...
	3. Extend jacket of outdoor insulation outside roof flashing at least 33T2 inches33T below top of roof flashing.
	4. Seal jacket to roof flashing with flashing sealant.

	B. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation continuously through wall penetrations.
	1. Seal penetrations with flashing sealant.
	2. For applications requiring only indoor insulation, terminate insulation inside wall surface and seal with joint sealant.  For applications requiring indoor and outdoor insulation, install insulation for outdoor applications tightly joined to indoor...
	3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least 33T2 inches33T.
	4. Seal jacket to wall flashing with flashing sealant.

	C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  Install insulation continuously through walls and partitions.
	D. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation continuously through penetrations of fire-rated walls and partitions.
	1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping and fire-resistive joint sealers.

	E. Insulation Installation at Floor Penetrations:
	1. Pipe:  Install insulation continuously through floor penetrations.
	2. Seal penetrations through fire-rated assemblies.  Comply with requirements in Section 078413 "Penetration Firestopping."


	3.5 GENERAL PIPE INSULATION INSTALLATION
	A. Requirements in this article generally apply to all insulation materials except where more specific requirements are specified in various pipe insulation material installation articles.
	B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:
	1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with continuous thermal and vapor-retarder integrity unless otherwise indicated.
	2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from same material and density as adjacent pipe insulation.  Each piece shall be butted tightly against adjoining piece and bonded with adhesive.  Fill joints, seams, ...
	3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same material and thickness as used for adjacent pipe.  Cut sectional pipe insulation to fit.  Butt each section closely to the next and hold in place with tie ...
	4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or o...
	5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of same material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, o...
	6. Insulate flanges and unions using a section of oversized preformed pipe insulation.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or one pipe diameter, whichever is thicker.
	7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a mastic.  Install vapor-barrier mastic for below-ambient services and a breather mastic for above-ambient services.  Reinforce the mastic with fabric-reinforcing mes...
	8. For services not specified to receive a field-applied jacket except for flexible elastomeric, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and unions.  Terminate ends with PVC end caps.  Tape PVC covers to adjoining insul...
	9. Stencil or label the outside insulation jacket of each union with the word "union."  Match size and color of pipe labels.

	C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test connections, flow meters, sensors, switches, and transmitters on insulated pipes.  Shape insulation at these connections by tapering it to and around ...
	D. Install removable insulation covers at locations indicated.  Installation shall conform to the following:
	1. Make removable flange and union insulation from sectional pipe insulation of same thickness as that on adjoining pipe.  Install same insulation jacket as adjoining pipe insulation.
	2. When flange and union covers are made from sectional pipe insulation, extend insulation from flanges or union long at least two times the insulation thickness over adjacent pipe insulation on each side of flange or union.  Secure flange cover in pl...
	3. Construct removable valve insulation covers in same manner as for flanges, except divide the two-part section on the vertical center line of valve body.
	4. When covers are made from block insulation, make two halves, each consisting of mitered blocks wired to stainless-steel fabric.  Secure this wire frame, with its attached insulation, to flanges with tie wire.  Extend insulation at least 33T2 inches...
	5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed surfaces with a metal jacket.


	3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION
	A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.
	B. Insulation Installation on Pipe Flanges:
	1. Install pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of sheet insulation of same thickness as pipe insulation.
	4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

	C. Insulation Installation on Pipe Fittings and Elbows:
	1. Install mitered sections of pipe insulation.
	2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

	D. Insulation Installation on Valves and Pipe Specialties:
	1. Install preformed valve covers manufactured of same material as pipe insulation when available.
	2. When preformed valve covers are not available, install cut sections of pipe and sheet insulation to valve body.  Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
	3. Install insulation to flanges as specified for flange insulation application.
	4. Secure insulation to valves and specialties and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.


	3.7 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Insulation Installation on Straight Pipes and Tubes:
	1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten bands without deforming insulation materials.
	2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions with vapor-barrier mastic and joint sealant.
	3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with outward-clinched staples at 33T6 inches33T o.c.
	4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple longitudinal tabs.  Instead, secure tabs with additional adhesive as recommended by insulation material manufacturer and seal with vapor-barrier mastic and flashin...

	B. Insulation Installation on Pipe Flanges:
	1. Install preformed pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with mineral-fiber blanket insulation.
	4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least 33T1 inch33T, and seal joints with flashing sealant.

	C. Insulation Installation on Pipe Fittings and Elbows:
	1. Install preformed sections of same material as straight segments of pipe insulation when available.
	2. When preformed insulation elbows and fittings are not available, install mitered sections of pipe insulation, to a thickness equal to adjoining pipe insulation.  Secure insulation materials with wire or bands.

	D. Insulation Installation on Valves and Pipe Specialties:
	1. Install preformed sections of same material as straight segments of pipe insulation when available.
	2. When preformed sections are not available, install mitered sections of pipe insulation to valve body.
	3. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
	4. Install insulation to flanges as specified for flange insulation application.


	3.8 FIELD-APPLIED JACKET INSTALLATION
	A. Where PVC jackets are indicated, install with 33T1-inch33T overlap at longitudinal seams and end joints, for horizontal applications.  Seal with manufacturer's recommended adhesive.
	1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the finish bead along seam and joint edge.

	B. Where metal jackets are indicated, install with 33T2-inch33T overlap at longitudinal seams and end joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof sealant recommended by insulation manufacturer.  Secur...

	3.9 FINISHES
	A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.
	B. Do not field paint aluminum or stainless-steel jackets.

	3.10 PIPING INSULATION SCHEDULE, GENERAL
	A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range.  If more than one material is listed for a piping system, selection from materials listed is Contractor's option.
	B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the following:
	1. Drainage piping located in crawl spaces.
	2. Underground piping.
	3. Chrome-plated pipes and fittings unless there is a potential for personnel injury.


	3.11 INDOOR PIPING INSULATION SCHEDULE
	A. Condensate and Equipment Drain Water below 33T60 Deg F33T:
	1. All Pipe Sizes:  Insulation shall be one of the following:
	a. Flexible Elastomeric:  33T3/4 inch33T thick.
	b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  33T1/2 inch33T thick.


	B. Heating-Hot-Water Supply and Return with and without glycol, 33T200 Deg F33T and Below:
	1. 33TNPS 1.5”33T and Smaller:  Insulation shall be the following:
	a. Mineral-Fiber, Preformed Pipe, Type I:  2 inches thick.

	2. 33TNPS 2”33T and Larger:  Insulation shall be the following:
	a. Mineral-Fiber, Preformed Pipe, Type I:  33T2 inches33T thick.



	3.12 INDOOR, FIELD-APPLIED JACKET SCHEDULE
	A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
	B. If more than one material is listed, selection from materials listed is Contractor's option.
	C. Piping, Concealed (Fittings only):
	1. PVC:  33T20 mils33T thick.

	D. Piping, Exposed (Fittings only):
	1. PVC:  33T20 mils33T thick.


	3.13 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE
	A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
	B. If more than one material is listed, selection from materials listed is Contractor's option.
	C. Piping, Exposed:
	1. Aluminum, Smooth with Z-Shaped Locking Seam:  33T0.020 inch33T thick.




	230900 fl - instrumentation and control for hvac
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes control equipment for HVAC systems and components, including control components for terminal heating and cooling units not supplied with factory-wired controls.
	B. Related Sections include the following:
	1. Division 23 Section "Meters and Gages for HVAC Piping" for measuring equipment that relates to this Section.
	2. Division 23 Section "Sequence of Operations for HVAC Controls" for requirements that relate to this Section.


	1.3 DEFINITIONS
	A. DDC:  Direct digital control.
	B. I/O:  Input/output.
	C. LonWorks:  A control network technology platform for designing and implementing interoperable control devices and networks.
	D. MS/TP:  Master slave/token passing.
	E. PC:  Personal computer.
	F. PID:  Proportional plus integral plus derivative.
	G. RTD:  Resistance temperature detector.

	1.4 SYSTEM PERFORMANCE
	A. Comply with the following performance requirements:
	1. Graphic Display:  Display graphic with minimum 20 dynamic points with current data within 10 seconds.
	2. Graphic Refresh:  Update graphic with minimum 20 dynamic points with current data within 8 seconds.
	3. Object Command:  Reaction time of less than two seconds between operator command of a binary object and device reaction.
	4. Object Scan:  Transmit change of state and change of analog values to control units or workstation within six seconds.
	5. Alarm Response Time:  Annunciate alarm at workstation within 45 seconds.  Multiple workstations must receive alarms within five seconds of each other.
	6. Program Execution Frequency:  Run capability of applications as often as five seconds but selected consistent with mechanical process under control.
	7. Performance:  Programmable controllers shall execute DDC PID control loops, and scan and update process values and outputs at least once per second.
	8. Reporting Accuracy and Stability of Control:  Report values and maintain measured variables within tolerances as follows:
	a. Water Temperature:  Plus, or minus 30T1 deg F30T.
	b. Water Flow:  Plus, or minus 5 percent of full scale.
	c. Water Pressure:  Plus, or minus 2 percent of full scale.
	d. Space Temperature:  Plus, or minus 30T1 deg F30T.
	e. Ducted Air Temperature:  Plus, or minus 30T1 deg F30T.
	f. Outside Air Temperature:  Plus, or minus 30T2 deg F30T.
	g. Dew Point Temperature:  Plus, or minus 30T3 deg F30T.
	h. Temperature Differential:  Plus, or minus 30T0.25 deg F30T.
	i. Relative Humidity:  Plus, or minus 5 percent.
	j. Airflow (Pressurized Spaces):  Plus, or minus 3 percent of full scale.
	k. Airflow (Measuring Stations):  Plus, or minus 5 percent of full scale.
	l. Airflow (Terminal):  Plus, or minus 10 percent of full scale.
	m. Air Pressure (Space):  Plus, or minus 30T0.01-inch wg30T.
	n. Air Pressure (Ducts):  Plus, or minus 30T0.1-inch wg30T.
	o. Carbon Monoxide:  Plus, or minus 5 percent of reading.
	p. Carbon Dioxide:  Plus, or minus 50 ppm.
	q. Electrical:  Plus, or minus 5 percent of reading.



	1.5 SEQUENCE OF OPERATION
	A. Refer to Section 230993.

	1.6 SUBMITTALS
	A. Product Data:  Include manufacturer's technical literature for each control device.  Indicate dimensions, capacities, performance characteristics, electrical characteristics, finishes for materials, and installation and startup instructions for eac...
	1. DDC System Hardware:  Bill of materials of equipment indicating quantity, manufacturer, and model number.  Include technical data for operator workstation equipment, interface equipment, control units, transducers/transmitters, sensors, actuators, ...
	2. Control System Software:  Include technical data for operating system software, operator interface, color graphics, and other third-party applications.
	3. Controlled Systems:  Instrumentation list with element name, type of device, manufacturer, model number, and product data.  Include written description of sequence of operation including schematic diagram.

	B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	1. Bill of materials of equipment indicating quantity, manufacturer, and model number.
	2. Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and control devices.
	3. Wiring Diagrams:  Power, signal, and control wiring.
	4. Details of control panel faces, including controls, instruments, and labeling.
	5. Schedule of dampers including size, leakage, and flow characteristics.
	6. Schedule of valves including flow characteristics.
	7. DDC System Hardware:
	a. Wiring diagrams for control units with termination numbers.
	b. Schematic diagrams and floor plans for field sensors and control hardware.
	c. Schematic diagrams for control, communication, and power wiring, showing trunk data conductors and wiring between operator workstation and control unit locations.

	8. Control System Software:  List of color graphics indicating monitored systems, data (connected and calculated) point addresses, output schedule, and operator notations.
	9. Controlled Systems:
	a. Schematic diagrams of each controlled system with control points labeled and control elements graphically shown, with wiring.
	b. Scaled drawings showing mounting, routing, and wiring of elements including bases and special construction.
	c. Written description of sequence of operation including schematic diagram.
	d. Points list.


	C. Data Communications Protocol Certificates:  Certify that each proposed DDC system component complies with ASHRAE 135.
	D. Data Communications Protocol Certificates:  Certify that each proposed DDC system component complies with LonWorks.
	E. Samples for Initial Selection:  For each color required, of each type of thermostat or sensor cover with factory-applied color finishes.
	F. Samples for Verification:  For each color required, of each type of thermostat or sensor cover.
	G. Software and Firmware Operational Documentation:  Include the following:
	1. Software operating and upgrade manuals.
	2. Program Software Backup:  On a magnetic media or compact disc, complete with data files.
	3. Device address list.
	4. Printout of software application and graphic screens.
	5. Software license required by and installed for DDC workstations and control systems.

	H. Software Upgrade Kit:  For Owner to use in modifying software to suit future systems revisions or monitoring and control revisions.
	I. Qualification Data:  For Installer and manufacturer.
	J. Field quality-control test reports.
	K. Operation and Maintenance Data:  For HVAC instrumentation and control system to include in emergency, operation, and maintenance manuals.  In addition to items specified in Division 01 Section "Operation and Maintenance Data," include the following:
	1. Maintenance instructions and lists of spare parts for each type of control device and compressed-air station.
	2. Interconnection wiring diagrams with identified and numbered system components and devices.
	3. Keyboard illustrations and step-by-step procedures indexed for each operator function.
	4. Inspection period, cleaning methods, cleaning materials recommended, and calibration tolerances.
	5. Calibration records and list of set points.


	1.7 QUALITY ASSURANCE
	A. Installer Qualifications:  Automatic control system manufacturer's authorized representative who is trained and approved for installation of system components required for this Project.
	B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	C. Comply with ASHRAE 135 for DDC system components.

	1.8 DELIVERY, STORAGE, AND HANDLING
	A. Factory-Mounted Components:  Where control devices specified in this Section are indicated to be factory mounted on equipment, arrange for shipping of control devices to equipment manufacturer.
	B. System Software:  Update to latest version of software at Project completion.

	1.9 COORDINATION
	A. Coordinate location of thermostats, humidistats, and other exposed control sensors with plans and room details before installation.
	B. Coordinate equipment with Division 28 Section "Intrusion Detection" to achieve compatibility with equipment that interfaces with that system and with building master clock.
	C. Coordinate equipment with Division 28 Section "Access Control" to achieve compatibility with equipment that interfaces with that system.
	D. Coordinate equipment with Division 27 Section "Clock Systems" to achieve compatibility with equipment that interfaces with that system.
	E. Coordinate equipment with Division 28 Section "PLC Electronic Detention Monitoring and Control Systems" to achieve compatibility with equipment that interfaces with that system.
	F. Coordinate equipment with Division 26 Section "Network Lighting Controls" to achieve compatibility with equipment that interfaces with that system.
	G. Coordinate equipment with Division 28 Section "Fire Detection and Alarm" to achieve compatibility with equipment that interfaces with that system.
	H. Coordinate supply of conditioned electrical branch circuits for control units and operator workstation.
	I. Coordinate equipment with Division 26 Section "Electrical Power Monitoring and Control" to achieve compatibility of communication interfaces.
	J. Coordinate equipment with Division 26 Section "Panelboards" to achieve compatibility with starter coils and annunciation devices.
	K. Coordinate equipment with Division 26 Section "Motor-Control Centers" to achieve compatibility with motor starters and annunciation devices.
	L. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03 Section "Cast-in-Place Concrete."

	1.10 EXTRA MATERIALS
	A. Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Maintenance Materials:  One thermostat adjusting key(s).



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.


	2.2 CONTROL SYSTEM
	A. Available Contractors:
	1. TBS Controls The existing Chester High School Building Management System is maintained by TBS Controls, 12E Commerce Drive, Ballston, NY 12020-3631 (518-885-4444).  It is the intent to incorporate the control system for the new equipment into the e...

	B. Control system shall consist of sensors, indicators, actuators, final control elements, interface equipment, other apparatus, and accessories to control mechanical systems.
	C. Control system shall consist of sensors, indicators, actuators, final control elements, interface equipment, other apparatus, accessories, and software connected to distributed controllers operating in multiuser, multitasking environment on token-p...
	D. Control Units:  Modular, comprising processor board with programmable, nonvolatile, random-access memory; local operator access and display panel; integral interface equipment; and backup power source.
	1. Units monitor or control each I/O point; process information; execute commands from other control units, devices, and operator stations; and download from or upload to operator workstation or diagnostic terminal unit.
	2. Stand-alone mode control functions operate regardless of network status.  Functions include the following:
	a. Global communications.
	b. Discrete/digital, analog, and pulse I/O.
	c. Monitoring, controlling, or addressing data points.
	d. Software applications, scheduling, and alarm processing.
	e. Testing and developing control algorithms without disrupting field hardware and controlled environment.

	3. Standard Application Programs:
	a. Electric Control Programs:  Demand limiting, duty cycling, automatic time scheduling, start/stop time optimization, night setback/setup, on-off control with differential sequencing, staggered start, antishort cycling, PID control, DDC with fine tun...
	b. HVAC Control Programs:  Optimal run time, supply-air reset, and enthalpy switchover.
	c. Chiller Control Programs:  Control function of condenser-water reset, chilled-water reset, and equipment sequencing.
	d. Programming Application Features:  Include trend point; alarm processing and messaging; weekly, monthly, and annual scheduling; energy calculations; run-time totalization; and security access.
	e. Remote communications.
	f. Maintenance management.
	g. Units of Measure:  Inch-pound and SI (metric).

	4. Local operator interface provides for download from or upload to operator workstation or diagnostic terminal unit.
	5. ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and communicate using ISO 8802-3 (Ethernet) datalink/physical layer protocol.
	6. LonWorks Compliance:  Control units shall use LonTalk protocol and communicate using EIA/CEA 709.1 datalink/physical layer protocol.

	E. Local Control Units:  Modular, comprising processor board with electronically programmable, nonvolatile, read-only memory; and backup power source.
	1. Units monitor or control each I/O point, process information, and download from or upload to operator workstation or diagnostic terminal unit.
	2. Stand-alone mode control functions operate regardless of network status.  Functions include the following:
	a. Global communications.
	b. Discrete/digital, analog, and pulse I/O.
	c. Monitoring, controlling, or addressing data points.

	3. Local operator interface provides for download from or upload to operator workstation or diagnostic terminal unit.
	4. ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and communicate using ISO 8802-3 (Ethernet) datalink/physical layer protocol.
	5. LonWorks Compliance:  Control units shall use LonTalk protocol and communicate using EIA/CEA 709.1 datalink/physical layer protocol.

	F. I/O Interface:  Hardwired inputs and outputs may tie into system through controllers.  Protect points so that shorting will cause no damage to controllers.
	1. Binary Inputs:  Allow monitoring of on-off signals without external power.
	2. Pulse Accumulation Inputs:  Accept up to 10 pulses per second.
	3. Analog Inputs:  Allow monitoring of low-voltage (0- to 10-V dc), current (4 to 20 mA), or resistance signals.
	4. Binary Outputs:  Provide on-off or pulsed low-voltage signal, selectable for normally open or normally closed operation with three-position (on-off-auto) override switches and status lights.
	5. Analog Outputs:  Provide modulating signal, either low voltage (0- to 10-V dc) or current (4 to 20 mA) with status lights, two-position (auto-manual) switch, and manually adjustable potentiometer.
	6. Tri-State Outputs:  Provide two coordinated binary outputs for control of three-point, floating-type electronic actuators.
	7. Universal I/Os:  Provide software selectable binary or analog outputs.

	G. Power Supplies:  Transformers with Class 2 current-limiting type or overcurrent protection; limit connected loads to 80 percent of rated capacity.  DC power supply shall match output current and voltage requirements and be full-wave rectifier type ...
	1. Output ripple of 5.0 mV maximum peak to peak.
	2. Combined 1 percent line and load regulation with 100-mic.sec. response time for 50 percent load changes.
	3. Built-in overvoltage and overcurrent protection and be able to withstand 150 percent overload for at least 3 seconds without failure.

	H. Power Line Filtering:  Internal or external transient voltage and surge suppression for workstations or controllers with the following:
	1. Minimum dielectric strength of 1000 V.
	2. Maximum response time of 10 nanoseconds.
	3. Minimum transverse-mode noise attenuation of 65 dB.
	4. Minimum common-mode noise attenuation of 150 dB at 40 to 100 Hz.


	2.3 UNITARY CONTROLLERS
	A. Unitized, capable of stand-alone operation with sufficient memory to support its operating system, database, and programming requirements, and with sufficient I/O capacity for the application.
	1. Configuration:  Local keypad and display; diagnostic LEDs for power, communication, and processor; wiring termination to terminal strip or card connected with ribbon cable; memory with bios; and 72-hour battery backup.
	2. Operating System:  Manage I/O communication to allow distributed controllers to share real and virtual object information and allow central monitoring and alarms.  Perform scheduling with real-time clock.  Perform automatic system diagnostics; moni...
	3. ASHRAE 135 Compliance:  Communicate using read (execute and initiate) and write (execute and initiate) property services defined in ASHRAE 135.  Reside on network using MS/TP datalink/physical layer protocol and have service communication port for ...
	4. LonWorks Compliance:  Communicate using EIA/CEA 709.1 datalink/physical layer protocol using LonTalk protocol.
	5. Enclosure:  Dustproof rated for operation at 30T32 to 120 deg F30T.
	6. Enclosure:  Waterproof rated for operation at 30T40 to 150 deg F30T.


	2.4 ALARM PANELS
	A. Unitized cabinet with suitable brackets for wall or floor mounting.  Fabricate of 30T0.06-inch-30T thick, furniture-quality steel or extruded-aluminum alloy, totally enclosed, with hinged doors and keyed lock and with manufacturer's standard shop-p...
	B. Indicating light for each alarm point, single horn, acknowledge switch, and test switch, mounted on hinged cover.
	1. Alarm Condition:  Indicating light flashes and horn sounds.
	2. Acknowledge Switch:  Horn is silent and indicating light is steady.
	3. Second Alarm:  Horn sounds and indicating light is steady.
	4. Alarm Condition Cleared:  System is reset and indicating light is extinguished.
	5. Contacts in alarm panel allow remote monitoring by independent alarm company.


	2.5 ANALOG CONTROLLERS
	A. Step Controllers:  6- or 10-stage type, with heavy-duty switching rated to handle loads and operated by electric motor.
	B. Electric, Outdoor-Reset Controllers:  Remote-bulb or bimetal rod-and-tube type, proportioning action with adjustable throttling range, adjustable set point, scale range 30Tminus 10 to plus 70 deg F30T, and single- or double-pole contacts.
	C. Electronic Controllers:  Wheatstone-bridge-amplifier type, in steel enclosure with provision for remote-resistance readjustment.  Identify adjustments on controllers, including proportional band and authority.
	1. Single controllers can be integral with control motor if provided with accessible control readjustment potentiometer.

	D. Fan-Speed Controllers:  Solid-state model providing field-adjustable proportional control of motor speed from maximum to minimum of 55 percent and on-off action below minimum fan speed.  Controller shall briefly apply full voltage, when motor is st...
	E. Receiver Controllers:  Single- or multiple-input models with control-point adjustment, direct or reverse acting with mechanical set-point adjustment with locking device, proportional band adjustment, authority adjustment, and proportional control m...
	1. Remote-control-point adjustment shall be plus or minus 20 percent of sensor span, input signal of 30T3 to 13 psig30T.
	2. Proportional band shall extend from 2 to 20 percent for 30T5 psig30T.
	3. Authority shall be 20 to 200 percent.
	4. Air-supply pressure of 30T18 psig30T, input signal of 30T3 to 15 psig30T, and output signal of zero to supply pressure.
	5. Gages:  30T2-1/2 inches30T in diameter, 2.5 percent wide-scale accuracy, and range to match transmitter input or output pressure.


	2.6 TIME CLOCKS
	A. Available Manufacturers:
	1. ATC-Diversified Electronics.
	2. Precision Multiple Controls, Inc.
	3. SSAC Inc.; ABB USA.

	B. Seven-day, programming-switch timer with synchronous-timing motor and seven-day dial; continuously charged, nickel-cadmium-battery-driven, eight-hour, power-failure carryover; multiple-switch trippers; minimum of two and maximum of eight signals pe...
	C. Solid-state, programmable time control with 8 separate programs each with up to 100 on-off operations; 1-second resolution; lithium battery backup; keyboard interface and manual override; individual on-off-auto switches for each program; 365-day ca...

	2.7 ELECTRONIC SENSORS
	A. Description:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as required.
	B. Thermistor Temperature Sensors and Transmitters:
	1. Available Manufacturers:
	a. BEC Controls Corporation.
	b. Ebtron, Inc.
	c. Heat-Timer Corporation.

	2. Accuracy:  Plus, or minus 30T0.5 deg F30T at calibration point.
	3. Wire:  Twisted, shielded-pair cable.
	4. Insertion Elements in Ducts:  Single point, 30T8 inches30T long; use where not affected by temperature stratification or where ducts are smaller than 30T9 sq. ft.
	5. Averaging Elements in Ducts:  30T36 inches30T long, flexible; use where prone to temperature stratification or where ducts are larger than 30T10 sq. ft.
	6. Insertion Elements for Liquids:  Brass or stainless-steel socket with minimum insertion length of 30T2-1/2 inches30T.
	7. Room Sensor Cover Construction:  Manufacturer's standard locking covers.
	a. Set-Point Adjustment:  Concealed.
	b. Set-Point Indication:  Exposed.
	c. Thermometer:  Concealed.
	d. Color:  Select from manufacturer's standard color chart.
	e. Orientation:  Vertical.

	8. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight.
	9. Room Security Sensors:  Stainless-steel cover plate with insulated back and security screws.

	C. RTDs and Transmitters:
	1. Available Manufacturers:
	a. BEC Controls Corporation.
	b. MAMAC Systems, Inc.
	c. RDF Corporation.

	2. Accuracy:  Plus, or minus 0.2 percent at calibration point.
	3. Wire:  Twisted, shielded-pair cable.
	4. Insertion Elements in Ducts:  Single point, 30T8 inches30T long; use where not affected by temperature stratification or where ducts are smaller than 30T9 sq. ft.
	5. Averaging Elements in Ducts:  30T18 inches30T long, rigid; use where prone to temperature stratification or where ducts are larger than 30T9 sq. ft.30T; length as required.
	6. Insertion Elements for Liquids:  Brass socket with minimum insertion length of 30T2-1/2 inches30T.
	7. Room Sensor Cover Construction:  Manufacturer's standard locking covers.
	a. Set-Point Adjustment:  Concealed.
	b. Set-Point Indication:  Exposed.
	c. Thermometer:  Concealed.
	d. Color:  Select from manufacturers standard color chart.
	e. Orientation:  Vertical.

	8. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight.
	9. Room Security Sensors:  Stainless-steel cover plate with insulated back and security screws.

	D. Humidity Sensors:  Bulk polymer sensor element.
	1. Available Manufacturers:
	a. BEC Controls Corporation.
	b. General Eastern Instruments.
	c. MAMAC Systems, Inc.

	2. Accuracy:  2 percent full range with linear output.
	3. Room Sensor Range:  20 to 80 percent relative humidity.
	4. Room Sensor Cover Construction:  Manufacturer's standard locking covers.
	a. Set-Point Adjustment:  Concealed.
	b. Set-Point Indication:  Exposed.
	c. Thermometer:  Concealed.
	d. Color:  Select from manufacturers standard color chart.
	e. Orientation:  Vertical.

	5. Duct Sensor:  20 to 80 percent relative humidity range with element guard and mounting plate.
	6. Outside-Air Sensor:  20 to 80 percent relative humidity range with mounting enclosure, suitable for operation at outdoor temperatures of 30Tminus 40 to plus 170 deg F30T.
	7. Duct and Sensors:  With element guard and mounting plate, range of 0 to 100 percent relative humidity.

	E. Pressure Transmitters/Transducers:
	1. Available Manufacturers:
	a. BEC Controls Corporation.
	b. General Eastern Instruments.
	c. MAMAC Systems, Inc.

	2. Static-Pressure Transmitter:  Nondirectional sensor with suitable range for expected input, and temperature compensated.
	a. Accuracy:  2 percent of full scale with repeatability of 0.5 percent.
	b. Output:  4 to 20 mA.
	c. Building Static-Pressure Range:  30T0- to 0.25-inch wg30T.
	d. Duct Static-Pressure Range:  30T0- to 5-inch wg30T.

	3. Water Pressure Transducers:  Stainless-steel diaphragm construction, suitable for service; minimum 30T150-psig30T operating pressure; linear output 4 to 20 mA.
	4. Water Differential-Pressure Transducers:  Stainless-steel diaphragm construction, suitable for service; minimum 30T150-psig30T operating pressure and tested to 30T300-psig30T; linear output 4 to 20 mA.
	5. Differential-Pressure Switch (Air or Water):  Snap acting, with pilot-duty rating and with suitable scale range and differential.
	6. Pressure Transmitters:  Direct acting for gas, liquid, or steam service; range suitable for system; linear output 4 to 20 mA.

	F. Room Sensor Cover Construction:  Manufacturer's standard locking covers.
	1. Set-Point Adjustment:  Concealed.
	2. Set-Point Indication:  Exposed.
	3. Thermometer:  Concealed.
	4. Color:  Select form manufacturers standard color chart.
	5. Orientation:  Vertical.

	G. Room sensor accessories include the following:
	1. Insulating Bases:  For sensors located on exterior walls.
	2. Guards:  Locking; heavy-duty, transparent plastic; mounted on separate base.
	3. Adjusting Key:  As required for calibration and cover screws.


	2.8 STATUS SENSORS
	A. Status Inputs for Fans:  Differential-pressure switch with pilot-duty rating and with adjustable range of 30T0- to 5-inch wg30T.
	B. Status Inputs for Pumps:  Differential-pressure switch with pilot-duty rating and with adjustable pressure-differential range of 30T8 to 60 psig30T, piped across pump.
	C. Status Inputs for Electric Motors:  Comply with ISA 50.00.01, current-sensing fixed- or split-core transformers with self-powered transmitter, adjustable and suitable for 175 percent of rated motor current.
	D. Voltage Transmitter (100- to 600-V ac):  Comply with ISA 50.00.01, single-loop, self-powered transmitter, adjustable, with suitable range and 1 percent full-scale accuracy.
	E. Power Monitor:  3-phase type with disconnect/shorting switch assembly, listed voltage and current transformers, with pulse kilowatt hour output and 4- to 20-mA kW output, with maximum 2 percent error at 1.0 power factor and 2.5 percent error at 0.5...
	F. Current Switches:  Self-powered, solid-state with adjustable trip current, selected to match current and system output requirements.
	G. Electronic Valve/Damper Position Indicator:  Visual scale indicating percent of travel and 2- to 10-V dc, feedback signal.
	H. Water-Flow Switches:  Bellows-actuated mercury or snap-acting type with pilot-duty rating, stainless-steel or bronze paddle, with appropriate range and differential adjustment, in NEMA 250, Type 1 enclosure.
	1. Available Manufacturers:
	a. BEC Controls Corporation.
	b. I.T.M. Instruments Inc.



	2.9 FLOW MEASURING STATIONS
	A. Duct Airflow Station:  Combination of air straightener and multiport, self-averaging pitot tube station.
	1. Available Manufacturers:
	a. Air Monitor Corporation.
	b. Wetmaster Co., Ltd.

	2. Casing:  Galvanized-steel frame.
	3. Flow Straightener:  Aluminum honeycomb, 30T3/4-inch30T parallel cell, 30T3 inches30T deep.
	4. Sensing Manifold:  Copper manifold with bullet-nosed static pressure sensors positioned on equal area basis.


	2.10 THERMOSTATS
	A. Available Manufacturers:
	1. Erie Controls.
	2. Danfoss Inc.; Air-Conditioning and Refrigeration Div.
	3. Heat-Timer Corporation.

	B. Combination Thermostat and Fan Switches:  Line-voltage thermostat with push-button or lever-operated fan switch.
	1. Label switches "FAN ON-OFF".
	2. Mount on single electric switch box.

	C. Electric, solid-state, microcomputer-based room thermostat with remote sensor.
	1. Automatic switching from heating to cooling.
	2. Preferential rate control to minimize overshoot and deviation from set point.
	3. Set up for four separate temperatures per day.
	4. Instant override of set point for continuous or timed period from 1 hour to 31 days.
	5. Short-cycle protection.
	6. Programming based on every day of week.
	7. Selection features include degree F or degree C display, 12- or 24-hour clock, keyboard disable, remote sensor, and fan on-auto.
	8. Battery replacement without program loss.
	9. Thermostat display features include the following:
	a. Time of day.
	b. Actual room temperature.
	c. Programmed temperature.
	d. Programmed time.
	e. Duration of timed override.
	f. Day of week.
	g. System mode indications include "heating," "off," "fan auto," and "fan on."


	D. Low-Voltage, On-Off Thermostats:  NEMA DC 3, 24-V, bimetal-operated, mercury-switch type, with adjustable or fixed anticipation heater, concealed set-point adjustment, 30T55 to 85 deg F30T set-point range, and 30T2 deg F30T maximum differential.
	E. Line-Voltage, On-Off Thermostats:  Bimetal-actuated, open contact or bellows-actuated, enclosed, snap-switch or equivalent solid-state type, with heat anticipator; listed for electrical rating; with concealed set-point adjustment, 30T55 to 85 deg F...
	1. Electric Heating Thermostats:  Equip with off position on dial wired to break ungrounded conductors.
	2. Selector Switch:  Integral, manual on-off-auto.

	F. Remote-Bulb Thermostats:  On-off or modulating type, liquid filled to compensate for changes in ambient temperature; with copper capillary and bulb, unless otherwise indicated.
	1. Bulbs in water lines with separate wells of same material as bulb.
	2. Bulbs in air ducts with flanges and shields.
	3. Averaging Elements:  Copper tubing with either single- or multiple-unit elements, extended to cover full width of duct or unit; adequately supported.
	4. Scale settings and differential settings are clearly visible and adjustable from front of instrument.
	5. On-Off Thermostat:  With precision snap switches and with electrical ratings required by application.
	6. Modulating Thermostats:  Construct so complete potentiometer coil and wiper assembly is removable for inspection or replacement without disturbing calibration of instrument.

	G. Fire-Protection Thermostats:  Listed and labeled by an NRTL acceptable to authorities having jurisdiction; with fixed or adjustable settings to operate at not less than 30T75 deg F30T above normal maximum operating temperature, and the following:
	1. Reset:  Manual.
	2. Reset:  Automatic, with control circuit arranged to require manual reset at central control panel; with pilot light and reset switch on panel labeled to indicate operation.

	H. Immersion Thermostat:  Remote-bulb or bimetal rod-and-tube type, proportioning action with adjustable throttling range and adjustable set point.
	I. Airstream Thermostats:  Two-pipe, fully proportional, single-temperature type; with adjustable set point in middle of range, adjustable throttling range, plug-in test fitting or permanent pressure gage, remote bulb, bimetal rod and tube, or averagi...
	J. Electric, Low-Limit Duct Thermostat:  Snap-acting, single-pole, single-throw, manual- or automatic- reset switch that trips if temperature sensed across any 30T12 inches30T of bulb length is equal to or below set point.
	1. Bulb Length:  Minimum 30T20 feet30T.
	2. Quantity:  One thermostat for every 30T20 sq. ft.30T of coil surface.

	K. Electric, High-Limit Duct Thermostat:  Snap-acting, single-pole, single-throw, manual- or automatic- reset switch that trips if temperature sensed across any 30T12 inches30T of bulb length is equal to or above set point.
	1. Bulb Length:  Minimum 30T20 feet30T.
	2. Quantity:  One thermostat for every 30T20 sq. ft.30T of coil surface.

	L. Heating/Cooling Valve-Top Thermostats:  Proportional acting for proportional flow, with molded-rubber diaphragm, remote-bulb liquid-filled element, direct and reverse acting at minimum shutoff pressure of 30T25 psig30T and cast housing with positio...

	2.11 HUMIDISTATS
	A. Available Manufacturers:
	1. MAMAC Systems, Inc.
	2. ROTRONIC Instrument Corp.

	B. Duct-Mounting Humidistats:  Electric insertion, 2-position type with adjustable, 2 percent throttling range, 20 to 80 percent operating range, and single- or double-pole contacts.

	2.12 ACTUATORS
	A. Electric Motors:  Size to operate with sufficient reserve power to provide smooth modulating action or two-position action.
	1. Comply with requirements in Division 23 Section "Common Motor Requirements for HVAC Equipment."
	2. Permanent Split-Capacitor or Shaded-Pole Type:  Gear trains completely oil immersed and sealed.  Equip spring-return motors with integral spiral-spring mechanism in housings designed for easy removal for service or adjustment of limit switches, aux...
	3. Non spring-Return Motors for Valves Larger Than 30TNPS 2-1/230T:  Size for running torque of 30T150 in. x lbf30T and breakaway torque of 30T300 in. x lbf30T.
	4. Spring-Return Motors for Valves Larger Than 30TNPS 2-1/230T:  Size for running and breakaway torque of 30T150 in. x lbf30T.
	5. Non spring-Return Motors for Dampers Larger Than 30T25 Sq. Ft.30T:  Size for running torque of 30T150 in. x lbf30T and breakaway torque of 30T300 in. x lbf30T.
	6. Spring-Return Motors for Dampers Larger Than 30T25 Sq. Ft.30T:  Size for running and breakaway torque of 30T150 in. x lbf30T.

	B. Electronic Actuators:  Direct-coupled type designed for minimum 60,000 full-stroke cycles at rated torque.
	1. Available Manufacturers:
	a. Belimo Aircontrols (USA), Inc.

	2. Valves:  Size for torque required for valve close off at maximum pump differential pressure.
	3. Dampers:  Size for running torque calculated as follows:
	a. Parallel-Blade Damper with Edge Seals:  30T7 inch-lb/sq. ft.30T of damper.
	b. Opposed-Blade Damper with Edge Seals:  30T5 inch-lb/sq. ft.30T of damper.
	c. Parallel-Blade Damper without Edge Seals:  30T4 inch-lb/sq. ft30T of damper.
	d. Opposed-Blade Damper without Edge Seals:  30T3 inch-lb/sq. ft.30T of damper.
	e. Dampers with 30T2- to 3-Inch wg30T of Pressure Drop or Face Velocities of 30T1000 to 2500 fpm30T:  Increase running torque by 1.5.
	f. Dampers with 30T3- to 4-Inch wg30T of Pressure Drop or Face Velocities of 30T2500 to 3000 fpm30T:  Increase running torque by 2.0.

	4. Coupling:  V-bolt and V-shaped, toothed cradle.
	5. Overload Protection:  Electronic overload or digital rotation-sensing circuitry.
	6. Fail-Safe Operation:  Mechanical, spring-return mechanism.  Provide external, manual gear release on nonspring-return actuators.
	7. Power Requirements (Two-Position Spring Return):  24-V ac.
	8. Power Requirements (Modulating):  Maximum 10 VA at 24-V ac or 8 W at 24-V dc.
	9. Proportional Signal:  2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position feedback signal.
	10. Temperature Rating:  30T40 to 104 deg F30T.
	11. Temperature Rating (Smoke Dampers):  30TMinus 22 to plus 250 deg F30T.
	12. Run Time:  12 seconds open, 5 seconds closed.


	2.13 CONTROL VALVES
	A. Available Manufacturers:
	1. Danfoss Inc.; Air Conditioning & Refrigeration Div.
	2. Erie Controls.
	3. Belimo.

	B. Control Valves:  Factory fabricated, of type, body material, and pressure class based on maximum pressure and temperature rating of piping system, unless otherwise indicated.
	C. Hydronic system globe valves shall have the following characteristics:
	1. 30TNPS 230T and Smaller:  Class 125 bronze body, bronze trim, rising stem, renewable composition disc, and screwed ends with back seating capacity repackable under pressure.
	2. 30TNPS 2-1/230T and Larger:  Class 125 iron body, bronze trim, rising stem, plug-type disc, flanged ends, and renewable seat and disc.
	3. Internal Construction:  Replaceable plugs and stainless-steel or brass seats.
	a. Single-Seated Valves:  Cage trim provides seating and guiding surfaces for plug on top and bottom.
	b. Double-Seated Valves:  Balanced plug; cage trim provides seating and guiding surfaces for plugs on top and bottom.

	4. Sizing:  30T3-psig30T maximum pressure drop at design flow rate or the following:
	a. Two Position:  Line size.
	b. Two-Way Modulating:  Either the value specified above or twice the load pressure drop, whichever is more.
	c. Three-Way Modulating:  Twice the load pressure drop, but not more than value specified above.

	5. Flow Characteristics:  Two-way valves shall have equal percentage characteristics; three-way valves shall have linear characteristics.
	6. Close-Off (Differential) Pressure Rating:  Combination of actuator and trim shall provide minimum close-off pressure rating of 150 percent of total system (pump) head for two-way valves and 100 percent of pressure differential across valve or 100 p...

	D. Butterfly Valves:  30T200-psig30T, 30T150-psig30T maximum pressure differential, ASTM A 126 cast-iron or ASTM A 536 ductile-iron body and bonnet, extended neck, stainless-steel stem, field-replaceable EPDM or Buna N sleeve and stem seals.
	1. Body Style:  Lug.
	2. Disc Type:  Aluminum bronze.
	3. Sizing:  30T1-psig30T maximum pressure drop at design flow rate.

	E. Terminal Unit Control Valves:  Bronze body, bronze trim, two or three ports as indicated, replaceable plugs and seats, and union and threaded ends.
	1. Rating:  Class 125 for service at 30T125 psig30T and 30T250 deg F30T operating conditions.
	2. Sizing:  30T3-psig30T maximum pressure drop at design flow rate, to close against pump shutoff head.
	3. Flow Characteristics:  Two-way valves shall have equal percentage characteristics; three-way valves shall have linear characteristics.

	F. Self-Contained Control Valves:  Bronze body, bronze trim, two or three ports as indicated, replaceable plugs and seats, and union and threaded ends.
	1. Rating:  Class 125 for service at 30T125 psig30T and 30T250 deg F30T operating conditions.
	2. Thermostatic Operator:  Wax-filled integral sensor with integral adjustable dial.


	2.14 DAMPERS
	A. Available Manufacturers:
	1. Air Balance Inc.
	2. Vent Products Company, Inc.
	3. Belimo.

	B. Dampers:  AMCA-rated, opposed-blade design; 30T0.108-inch-30T minimum thick, galvanized-steel or 30T0.125-inch-30T minimum thick, extruded-aluminum frames with holes for duct mounting; damper blades shall not be less than 30T0.064-inch-30T thick ga...
	1. Secure blades to 30T1/2-inch-30T diameter, zinc-plated axles using zinc-plated hardware, with oil-impregnated sintered bronze blade bearings, blade-linkage hardware of zinc-plated steel and brass, ends sealed against spring-stainless-steel blade be...
	2. Operating Temperature Range:  From 30Tminus 40 to plus 200 deg F30T.
	3. Edge Seals, Standard Pressure Applications:  Closed-cell neoprene.


	2.15 CONTROL CABLE
	A. Electronic and fiber-optic cables for control wiring are specified in Division 27 Section "Communications Horizontal Cabling."


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Verify that conditioned power supply is available to control units and operator workstation.
	B. Verify that pneumatic piping and duct-, pipe-, and equipment-mounted devices are installed before proceeding with installation.

	3.2 INSTALLATION
	A. Install software in control units and operator workstation(s).  Implement all features of programs to specified requirements and as appropriate to sequence of operation.
	B. Connect and configure equipment and software to achieve sequence of operation specified.
	C. Verify location of thermostats, humidistats, and other exposed control sensors with Drawings and room details before installation.  Install devices 30T48 inches30T above the floor.
	1. Install averaging elements in ducts and plenums in crossing or zigzag pattern.

	D. Install guards on thermostats in the following locations:
	1. Entrances.
	2. Public areas.
	3. Where indicated.

	E. Install automatic dampers according to Division 23 Section "Air Duct Accessories."
	F. Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor temperatures.
	G. Install labels and nameplates to identify control components according to Division 23 Section "Identification for HVAC Piping and Equipment."
	H. Install hydronic instrument wells, valves, and other accessories according to Division 23 Section "Hydronic Piping."
	I. Install steam and condensate instrument wells, valves, and other accessories according to Division 23 Section "Steam and Condensate Heating Piping."
	J. Install refrigerant instrument wells, valves, and other accessories according to Division 23 Section "Refrigerant Piping."
	K. Install duct volume-control dampers according to Division 23 Sections specifying air ducts.
	L. Install electronic and fiber-optic cables according to Division 27 Section "Communications Horizontal Cabling."

	3.3 ELECTRICAL WIRING AND CONNECTION INSTALLATION
	A. Install raceways, boxes, and cabinets according to Division 26 Section "Raceway and Boxes for Electrical Systems."
	B. Install building wire and cable according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."
	C. Install signal and communication cable according to Division 27 Section "Communications Horizontal Cabling."
	1. Conceal cable, except in mechanical rooms and areas where other conduit and piping are exposed.
	2. Install exposed cable in raceway.
	3. Install concealed cable in raceway.
	4. Bundle and harness multiconductor instrument cable in place of single cables where several cables follow a common path.
	5. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect against abrasion.  Tie and support conductors.
	6. Number-code or color-code conductors for future identification and service of control system, except local individual room control cables.
	7. Install wire and cable with sufficient slack and flexible connections to allow for vibration of piping and equipment.

	D. Connect manual-reset limit controls independent of manual-control switch positions.  Automatic duct heater resets may be connected in interlock circuit of power controllers.
	E. Connect hand-off-auto selector switches to override automatic interlock controls when switch is in hand position.

	3.4 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust field-assembled components and equipment installation, including connections, and to assist in field testing.  Report results in writing.
	B. Perform the following field tests and inspections and prepare test reports:
	1. Operational Test:  After electrical circuitry has been energized, start units to confirm proper unit operation.  Remove and replace malfunctioning units and retest.
	2. Test and adjust controls and safeties.
	3. Test each point through its full operating range to verify that safety and operating control set points are as required.
	4. Test each control loop to verify stable mode of operation and compliance with sequence of operation.  Adjust PID actions.
	5. Test each system for compliance with sequence of operation.
	6. Test software and hardware interlocks.

	C. DDC Verification:
	1. Verify that instruments are installed before calibration, testing, and loop or leak checks.
	2. Check instruments for proper location and accessibility.
	3. Check instrument installation for direction of flow, elevation, orientation, insertion depth, and other applicable considerations.
	4. Check instrument tubing for proper fittings, slope, material, and support.
	5. Check installation of air supply for each instrument.
	6. Check flow instruments.  Inspect tag number and line and bore size and verify that inlet side is identified and that meters are installed correctly.
	7. Check pressure instruments, piping slope, installation of valve manifold, and self-contained pressure regulators.
	8. Check temperature instruments and material and length of sensing elements.
	9. Check control valves.  Verify that they are in correct direction.
	10. Check air-operated dampers.  Verify that pressure gages are provided and that proper blade alignment, either parallel or opposed, has been provided.
	11. Check DDC system as follows:
	a. Verify that DDC controller power supply is from emergency power supply, if applicable.
	b. Verify that wires at control panels are tagged with their service designation and approved tagging system.
	c. Verify that spare I/O capacity has been provided.
	d. Verify that DDC controllers are protected from power supply surges.


	D. Replace damaged or malfunctioning controls and equipment and repeat testing procedures.

	3.5 ADJUSTING
	A. Calibrating and Adjusting:
	1. Calibrate instruments.
	2. Make three-point calibration test for both linearity and accuracy for each analog instrument.
	3. Calibrate equipment and procedures using manufacturer's written recommendations and instruction manuals.  Use test equipment with accuracy at least double that of instrument being calibrated.
	4. Control System Inputs and Outputs:
	a. Check analog inputs at 0, 50, and 100 percent of span.
	b. Check analog outputs using milliampere meter at 0, 50, and 100 percent output.
	c. Check digital inputs using jumper wire.
	d. Check digital outputs using ohmmeter to test for contact making or breaking.
	e. Check resistance temperature inputs at 0, 50, and 100 percent of span using a precision-resistant source.

	5. Flow:
	a. Set differential pressure flow transmitters for 0 and 100 percent values with 3-point calibration accomplished at 50, 90, and 100 percent of span.
	b. Manually operate flow switches to verify that they make or break contact.

	6. Pressure:
	a. Calibrate pressure transmitters at 0, 50, and 100 percent of span.
	b. Calibrate pressure switches to make or break contacts, with adjustable differential set at minimum.

	7. Temperature:
	a. Calibrate resistance temperature transmitters at 0, 50, and 100 percent of span using a precision-resistance source.
	b. Calibrate temperature switches to make or break contacts.

	8. Stroke and adjust control valves and dampers without positioners, following the manufacturer's recommended procedure, so that valve or damper is 100 percent open and closed.
	9. Stroke and adjust control valves and dampers with positioners, following manufacturer's recommended procedure, so that valve and damper is 0, 50, and 100 percent closed.
	10. Provide diagnostic and test instruments for calibration and adjustment of system.
	11. Provide written description of procedures and equipment for calibrating each type of instrument.  Submit procedures review and approval before initiating startup procedures.

	B. Adjust initial temperature and humidity set points.
	C. Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.  Provide up to three visits to Project during other than normal occupancy ...

	3.6 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain HVAC instrumentation and controls.  Refer to Division 01 Section "Demonstration and Training."



	230993 fl - sequence of operations for hvac controls
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes control sequences for HVAC systems, subsystems, and equipment.
	B. Related Sections include the following:
	1. Division 23 Section "Instrumentation and Control for HVAC" for control equipment and devices and for submittal requirements.

	C. The existing Chester High School Building Management System is maintained by TBS Controls, 12E Commerce Drive, Ballston, NY 12020-3631 (518-885-4444).  It is the intent to incorporate the control system for the new equipment into the existing contr...
	D. All equipment noted in this section shall be graphically depicted on the BAS operator workstation with their respective pertinent operating data.
	E. Refer to plans for base bid and add alternate work.
	F. Refer to plans for hot water or steam coils.

	1.3 DEFINITIONS
	A. DDC:  Direct digital control.
	B. VFD:  Variable frequency drive.


	PART 2 -  EXECUTION
	2.1 TERMINAL UNITS
	A. Furnish and install electronic “smart” controllers for pressure independent operation.  Room temperature shall be heating / cooling automatic change over type with proportional integral control.  Controller/ sensor shall be self-calibrating.  See V...
	B. VAV BOXES
	1. Winter operation: On a rise in space temperature above set point the VAV box damper shall modulate closed to decrease air flow.  On a drop in space temperature the box shall modulate open to increase air flow.
	2. Summer operation: On a rise in space temperature above setpoint the VAV box damper shall modulate open to increase airflow.  On a drop in space temperature the box shall modulate closed to the minimum air flow.
	3. Provide heating and cooling changeover controller to command the VAV box into either summer or winter mode.
	4. Operator Station Display:  Indicate the following on operator workstation display terminal:
	a. Zone space temperature.
	b. Zone cooling setpoint.
	c. Zone heating setpoint.
	d. Zone setpoint adjust.
	e. Zone damper position.
	f. Zone damper position override.
	g. Airflow
	h. Airflow setpoint.
	i. Airflow adjust.


	C. VAV BOXES WITH REHEAT
	1. Winter operation: On a drop in space temperature below set point, the VAV box shall modulate towards the minimum position.  Upon a further drop is space temperature the hot water control valve shall modulate open proportionately to maintain room se...
	2. When operating in winter mode the VAV box damper position shall be reset (adjustable) to position as shown on drawings.
	3. Summer operation, the VAV box shall modulate open to increase airflow on a rise in space temperature above set point.  On a drop in space temperature the box shall modulate closed to the minimum air flow.
	4. Operator Station Display:  Indicate the following on operator workstation display terminal:
	a. Zone space temperature.
	b. Zone heating setpoint.
	c. Zone cooling setpoint.
	d. Zone setpoint adjust.
	e. Zone damper position.
	f. Zone damper position override.
	g. Airflow setpoint.
	h. Airflow adjust.
	i. HW reheat valve.
	j. Heating mode.
	END OF SECTION 230993





	232113-hydronic piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes pipe and fitting materials, joining methods, special-duty valves, and specialties for the following:
	1. Hot-water heating piping with and without glycol.
	2. Condensate-drain piping.
	3. Air-vent piping.

	B. Related Sections include the following:
	1. Division 23 Section "Hydronic Pumps" for pumps, motors, and accessories for hydronic piping.


	1.3 DEFINITIONS
	A. PTFE:  Polytetrafluoroethylene.
	B. RTRF:  Reinforced thermosetting resin (fiberglass) fittings.
	C. RTRP:  Reinforced thermosetting resin (fiberglass) pipe.

	1.4 PERFORMANCE REQUIREMENTS
	A. Hydronic piping components and installation shall be capable of withstanding the following minimum working pressure and temperature:
	1. Hot-Water Heating Piping with and without glycol:  100 psig at 200 deg F.
	2. Air-Vent Piping:  200 deg F.
	3. Safety-Valve-Inlet and -Outlet Piping:  Equal to the pressure of the piping system to which it is attached.


	1.5 SUBMITTALS
	A. Product Data:  For each type of the following:
	1. Valves.  Include flow and pressure drop curves based on manufacturer's testing for calibrated-orifice balancing valves and automatic flow-control valves.
	2. Air control devices.
	3. Hydronic specialties.

	B. Shop Drawings:  Detail, at 1/4 scale, the piping layout, fabrication of pipe anchors, hangers, supports for multiple pipes, alignment guides, expansion joints and loops, and attachments of the same to the building structure.  Detail location of anc...
	C. Welding certificates.
	D. Qualification Data:  For Installer.
	E. Operation and Maintenance Data:  For air control devices, hydronic specialties, and special-duty valves to include in emergency, operation, and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Installer Qualifications:
	1. Installers of Pressure-Sealed Joints:  Installers shall be certified by the pressure-seal joint manufacturer as having been trained and qualified to join piping with pressure-seal pipe couplings and fittings.

	B. Steel Support Welding:  Qualify processes and operators according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	C. Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel Code:  Section IX.
	1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
	2. Certify that each welder has passed AWS qualification tests for welding processes involved and that certification is current.

	D. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME label.  Fabricate and stamp air separators and expansion tanks to c...

	1.7 EXTRA MATERIALS
	A. Water-Treatment Chemicals:  Furnish enough chemicals for initial system startup and for preventive maintenance for one year from date of Substantial Completion.
	B. Differential Pressure Meter:  For each type of balancing valve and automatic flow control valve, include flowmeter, probes, hoses, flow charts, and carrying case.


	PART 2 -  PRODUCTS
	2.1 COPPER TUBE AND FITTINGS
	A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L ASTM B 88, Type M .
	B. Annealed-Temper Copper Tubing:  ASTM B 88, Type K.
	C. Wrought-Copper Fittings:  ASME B16.22.
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Anvil International, Inc.
	b. S. P. Fittings; a division of Star Pipe Products.
	c. Victaulic Company of America.


	D. Wrought-Copper Unions:  ASME B16.22.

	2.2 STEEL PIPE AND FITTINGS
	A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; type, grade, and wall thickness as indicated in Part 3 "Piping Applications" Article.
	B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250 as indicated in Part 3 "Piping Applications" Article.
	C. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in Part 3 "Piping Applications" Article.
	D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3 "Piping Applications" Article.
	E. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe.
	F. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, nuts, and gaskets of the following material group, end connections, and facings:
	1. Material Group:  1.1.
	2. End Connections:  Butt welding.
	3. Facings:  Raised face.

	G. Steel Pipe Nipples:  ASTM A 733, made of same materials and wall thicknesses as pipe in which they are installed.

	2.3 JOINING MATERIALS
	A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents.
	1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless thickness or specific material is indicated.
	a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges.
	b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges.


	B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.
	C. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system manufacturer, unless otherwise indicated.
	D. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B 813.
	E. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for joining copper with copper; or BAg-1, silver alloy for joining copper with bronze or steel.
	F. Welding Filler Metals:  Comply with AWS D10.12/D10.12M for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	G. Gasket Material:  Thickness, material, and type suitable for fluid to be handled and working temperatures and pressures.

	2.4 DIELECTRIC FITTINGS
	A. Description:  Combination fitting of copper-alloy and ferrous materials with threaded, solder-joint, plain, or weld-neck end connections that match piping system materials.
	B. Insulating Material:  Suitable for system fluid, pressure, and temperature.
	C. Dielectric Unions:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Central Plastics Company.
	b. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
	c. Zurn Plumbing Products Group; AquaSpec Commercial Products Division.

	2. Factory-fabricated union assembly, for 250-psig minimum working pressure at 180 deg F.

	D. Dielectric Flanges:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Capitol Manufacturing Company.
	b. Central Plastics Company.
	c. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

	2. Factory-fabricated companion-flange assembly, for 150- or 300-psig minimum working pressure as required to suit system pressures.

	E. Dielectric-Flange Kits:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Calpico, Inc.
	b. Central Plastics Company.
	c. Pipeline Seal and Insulator, Inc.

	2. Companion-flange assembly for field assembly.  Include flanges, full-face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic washers, and steel backing washers.
	3. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig minimum working pressure where required to suit system pressures.

	F. Dielectric Couplings:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Calpico, Inc.
	b. Lochinvar Corporation.

	2. Galvanized-steel coupling with inert and noncorrosive thermoplastic lining; threaded ends; and 300-psig minimum working pressure at 225 deg F.

	G. Dielectric Nipples:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Perfection Corporation; a subsidiary of American Meter Company.
	b. Precision Plumbing Products, Inc.
	c. Victaulic Company of America.

	2. Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F.


	2.5 VALVES
	A. Gate, Globe, Check, Ball, and Butterfly Valves:  Comply with requirements specified in Division 23 Section "General-Duty Valves for HVAC Piping."
	B. Automatic Temperature-Control Valves, Actuators, and Sensors:  Comply with requirements specified in Division 23 Section "Instrumentation and Control for HVAC."
	C. Automatic Flow-Control Valves:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Flow Design Inc.
	b. Griswold Controls.
	c. Bell & Gossett Domestic Pump; a division of ITT Industries.

	2. Body:  Brass or ferrous metal.
	3. Piston and Spring Assembly:  Stainless steel, tamper proof, self-cleaning, and removable.
	4. Combination Assemblies:  Include bonze or brass-alloy ball valve.
	5. Identification Tag:  Marked with zone identification, valve number, and flow rate.
	6. Size:  Same as pipe in which installed.
	7. Performance:  Maintain constant flow, plus or minus 5 percent over system pressure fluctuations.
	8. Minimum CWP Rating:
	a. 1/2-inch through 2-inch: 32T400 psig32T.
	b. 2-1/2-inch through 14-inch: 600 psig.

	9. Maximum Operating Temperature:  32T250 deg F32T.


	2.6 AIR CONTROL DEVICES
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Amtrol, Inc.
	2. Armstrong Pumps, Inc.
	3. Bell & Gossett Domestic Pump; a division of ITT Industries.

	C. Manual Air Vents:
	1. Body:  Bronze.
	2. Internal Parts:  Nonferrous.
	3. Operator:  Screwdriver or thumbscrew.
	4. Inlet Connection:  NPS 1/2.
	5. Discharge Connection:  NPS 1/8.
	6. CWP Rating:  150 psig.
	7. Maximum Operating Temperature:  225 deg F.

	D. Automatic Air Vents:
	1. Body:  Bronze or cast iron.
	2. Internal Parts:  Nonferrous.
	3. Operator:  Noncorrosive metal float.
	4. Inlet Connection:  NPS 1/2.
	5. Discharge Connection:  NPS 1/4.
	6. CWP Rating:  150 psig.
	7. Maximum Operating Temperature:  240 deg F.

	E. Bladder-Type Expansion Tanks:
	1. Tank:  Welded steel, rated for 125-psig working pressure and 375 deg F maximum operating temperature.  Factory test with taps fabricated and supports installed and labeled according to ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1.
	2. Bladder:  Securely sealed into tank to separate air charge from system water to maintain required expansion capacity.  Tanks to have ASME stamp.
	3. Air-Charge Fittings:  Schrader valve, stainless steel with EPDM seats.

	F. Tangential-Type Air Separators:
	1. Tank:  Welded steel; ASME constructed and labeled for 125-psig minimum working pressure and 375 deg F maximum operating temperature.
	2. Air Collector Tube:  Perforated stainless steel, constructed to direct released air into expansion tank.
	3. Tangential Inlet and Outlet Connections:  Threaded for NPS 2 and smaller; flanged connections for NPS 2-1/2 and larger.
	4. Blowdown Connection:  Threaded.
	5. Size:  Match system flow capacity.


	2.7 CHEMICAL TREATMENT
	A. Bypass Chemical Feeder:  Welded steel construction; 125-psig working pressure; 5-gal. capacity; with fill funnel and inlet, outlet, and drain valves.
	1. Chemicals:  Specially formulated, based on analysis of makeup water, to prevent accumulation of scale and corrosion in piping and connected equipment.

	B. Propylene Glycol:  Industrial grade with corrosion inhibitors and environmental-stabilizer additives for mixing with water in systems indicated to contain antifreeze or glycol solutions.

	2.8 HYDRONIC PIPING SPECIALTIES
	A. Y-Pattern Strainers:
	1. Body:  ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection.
	2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and larger.
	3. Strainer Screen:  60-mesh startup strainer, and perforated stainless-steel basket with 50 percent free area.
	4. CWP Rating:  125 psig.

	B. Basket Strainers:
	1. Body:  ASTM A 126, Class B, high-tensile cast iron with bolted cover and bottom drain connection.
	2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and larger.
	3. Strainer Screen:  60-mesh startup strainer, and perforated stainless-steel basket with 50 percent free area.
	4. CWP Rating:  125 psig.



	PART 3 -  EXECUTION
	3.1 PIPING APPLICATIONS
	A. Hot-water heating piping with and without glycol, aboveground, NPS 2 and smaller, shall be any of the following:
	1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints.
	2. Schedule 40 steel pipe; Class 150, malleable-iron fittings; cast-iron flanges and flange fittings; and threaded joints.

	B. Hot-water heating piping with and without glycol, aboveground, NPS 2-1/2 and larger, shall be the following:
	1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges and flange fittings, and welded and flanged joints.

	C. Condensate-Drain Piping:  Type M, drawn-temper copper tubing, wrought-copper fittings, and soldered joints.
	D. Air-Vent Piping:
	1. Inlet:  Same as service where installed with metal-to-plastic transition fittings for plastic piping systems according to the piping manufacturer's written instructions.
	2. Outlet:  Type K, annealed-temper copper tubing with soldered or flared joints.

	E. Safety-Valve-Inlet and -Outlet Piping for Hot-Water Piping:  Same materials and joining methods as for piping specified for the service in which safety valve is installed with metal-to-plastic transition fittings for plastic piping systems accordin...

	3.2 VALVE APPLICATIONS
	A. Install shut off-duty valves at each branch connection to supply mains, and at supply connection to each piece of equipment.
	B. Install calibrated-orifice, balancing valves at each branch connection to return main.
	C. Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling terminal.
	D. Install check valves at each pump discharge and elsewhere as required to control flow direction.
	E. Install safety valves at hot-water generators and elsewhere as required by ASME Boiler and Pressure Vessel Code.  Install drip-pan elbow on safety-valve outlet and pipe without valves to the outdoors; and pipe drain to nearest floor drain or as ind...
	F. Install pressure-reducing valves at makeup-water connection to regulate system fill pressure.

	3.3 PIPING INSTALLATIONS
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Indicate piping locations and arrangements if such were used to size pipe and calculate friction loss, expansion, pump sizing, and other design co...
	B. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and service areas.
	C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.
	D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	E. Install piping to permit valve servicing.
	F. Install piping at indicated slopes.
	G. Install piping free of sags and bends.
	H. Install fittings for changes in direction and branch connections.
	I. Install piping to allow application of insulation.
	J. Select system components with pressure rating equal to or greater than system operating pressure.
	K. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.
	L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.
	M. Install piping at a uniform grade of 0.2 percent upward in direction of flow.
	N. Reduce pipe sizes using eccentric reducer fitting installed with level side up.
	O. Install branch connections to mains using tee fittings in main pipe, with the branch connected to the bottom of the main pipe.  For up-feed risers, connect the branch to the top of the main pipe.
	P. Install valves according to Division 23 Section "General-Duty Valves for HVAC Piping."
	Q. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment, and elsewhere as indicated.
	R. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere as indicated.
	S. Install strainers on inlet side of each control valve, pressure-reducing valve, solenoid valve, in-line pump, and elsewhere as indicated.  Install NPS 3/4 nipple and ball valve in blowdown connection of strainers NPS 2 and larger.  Match size of st...
	T. Install expansion loops, expansion joints, anchors, and pipe alignment guides as specified in Division 23 Section "Expansion Fittings and Loops for HVAC Piping."
	U. Identify piping as specified in Division 23 Section "Identification for HVAC Piping and Equipment."

	3.4 HANGERS AND SUPPORTS
	A. Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and Supports for HVAC Piping and Equipment." Comply with the following requirements for maximum spacing of supports.
	B. Install the following pipe attachments:
	1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
	2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or longer.
	3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, supported on a trapeze.
	4. Spring hangers to support vertical runs.
	5. Provide copper-clad hangers and supports for hangers and supports in direct contact with copper pipe.
	6. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger from scratching pipe.

	C. Install hangers for steel piping with the following maximum spacing and minimum rod sizes:
	1. NPS 3/4:  Maximum span, 7 feet; minimum rod size, 1/4 inch.
	2. NPS 1:  Maximum span, 7 feet; minimum rod size, 1/4 inch.
	3. NPS 1-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch.
	4. NPS 2:  Maximum span, 10 feet; minimum rod size, 3/8 inch.
	5. NPS 2-1/2:  Maximum span, 11 feet; minimum rod size, 3/8 inch.
	6. NPS 3:  Maximum span, 12 feet; minimum rod size, 3/8 inch.
	7. NPS 4:  Maximum span, 14 feet; minimum rod size, 1/2 inch.
	8. NPS 6:  Maximum span, 17 feet; minimum rod size, 1/2 inch.
	9. NPS 8:  Maximum span, 19 feet; minimum rod size, 5/8 inch.
	10. NPS 10:  Maximum span, 20 feet; minimum rod size, 3/4 inch.
	11. NPS 12:  Maximum span, 23 feet; minimum rod size, 7/8 inch.
	12. NPS 14:  Maximum span, 25 feet; minimum rod size, 1 inch.
	13. NPS 16:  Maximum span, 27 feet; minimum rod size, 1 inch.
	14. NPS 18:  Maximum span, 28 feet; minimum rod size, 1-1/4 inches.
	15. NPS 20:  Maximum span, 30 feet; minimum rod size, 1-1/4 inches.

	D. Install hangers for drawn-temper copper piping with the following maximum spacing and minimum rod sizes:
	1. NPS 3/4:  Maximum span, 5 feet; minimum rod size, 1/4 inch.
	2. NPS 1:  Maximum span, 6 feet; minimum rod size, 1/4 inch.
	3. NPS 1-1/2:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
	4. NPS 2:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
	5. NPS 2-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch.
	6. NPS 3:  Maximum span, 10 feet; minimum rod size, 3/8 inch.

	E. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.

	3.5 PIPE JOINT CONSTRUCTION
	A. Join pipe and fittings according to the following requirements and Division 23 Sections specifying piping systems.
	B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder alloy complying with ASTM B 32.
	E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.
	F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:
	1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is specified.
	2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  Do not use pipe sections that have cracked or open welds.

	G. Welded Joints:  Construct joints according to AWS D10.12/D10.12M, using qualified processes and welding operators according to Part 1 "Quality Assurance" Article.
	H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

	3.6 HYDRONIC SPECIALTIES INSTALLATION
	A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required for system air venting.
	B. Install automatic air vents at high points of system piping in mechanical equipment rooms only.  Manual vents at heat-transfer coils and elsewhere as required for air venting.
	C. Install piping from boiler air outlet, air separator, or air purger to expansion tank with a 2 percent upward slope toward tank.
	D. Install tangential air separator in pump suction.  Install blowdown piping with gate or full-port ball valve; extend full size to nearest floor drain.
	E. Install bypass chemical feeders in each hydronic system where indicated, in upright position with top of funnel not more than 48 inches above the floor.  Install feeder in minimum NPS 3/4 bypass line, from main with full-size, full-port, ball valve...
	F. Install expansion tanks on the floor.  Vent and purge air from hydronic system, and ensure tank is properly charged with air to suit system Project requirements.

	3.7 TERMINAL EQUIPMENT CONNECTIONS
	A. Sizes for supply and return piping connections shall be the same as or larger than equipment connections.
	B. Install control valves in accessible locations close to connected equipment.
	C. Install bypass piping with globe valve around control valve.  If parallel control valves are installed, only one bypass is required.
	D. Install ports for pressure gages and thermometers at coil inlet and outlet connections according to Division 23 Section "Meters and Gages for HVAC Piping."

	3.8 FIELD QUALITY CONTROL
	A. Prepare hydronic piping according to ASME B31.9 and as follows:
	1. Leave joints, including welds, uninsulated and exposed for examination during test.
	2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test pressure.  If temporary restraints are impractical, isolate expansion joints from testing.
	3. Flush hydronic piping systems with clean water; then remove and clean or replace strainer screens.
	4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure shall be capable of sealing against test pressure without damage to valve.  Install blinds in flanged joints to isolate equipment.
	5. Install safety valve, set at a pressure no more than one-third higher than test pressure, to protect against damage by expanding liquid or other source of overpressure during test.

	B. Perform the following tests on hydronic piping:
	1. Use ambient temperature water as a testing medium unless there is risk of damage due to freezing.  Another liquid that is safe for workers and compatible with piping may be used.
	2. While filling system, use vents installed at high points of system to release air.  Use drains installed at low points for complete draining of test liquid.
	3. Isolate expansion tanks and determine that hydronic system is full of water.
	4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the system's working pressure.  Test pressure shall not exceed maximum pressure for any vessel, pump, valve, or other component in system under test.  Verify that st...
	5. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, joints, and connections for leakage.  Eliminate leaks by tightening, repairing, or replacing components, and repeat hydrostatic test until there are no leaks.
	6. Prepare written report of testing.

	C. Perform the following before operating the system:
	1. Open manual valves fully.
	2. Inspect pumps for proper rotation.
	3. Set makeup pressure-reducing valves for required system pressure.
	4. Inspect air vents at high points of system and determine if all are installed and operating freely (automatic type), or bleed air completely (manual type).
	5. Set temperature controls so all coils are calling for full flow.
	6. Inspect and set operating temperatures of hydronic equipment, such as boilers, chillers, cooling towers, to specified values.
	7. Verify lubrication of motors and bearings.




	233113-metal ducts
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Single-wall rectangular ducts and fittings.
	2. Single-wall round ducts and fittings.
	3. Sheet metal materials.
	4. Duct liner.
	5. Sealants and gaskets.
	6. Hangers and supports.

	B. Related Sections:
	1. Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, and balancing requirements for metal ducts.
	2. Division 23 Section "Nonmetal Ducts" for fibrous-glass ducts, thermoset fiber-reinforced plastic ducts, thermoplastic ducts, PVC ducts, and concrete ducts.
	3. Division 23 Section "HVAC Casings" for factory- and field-fabricated casings for mechanical equipment.
	4. Division 23 Section "Air Duct Accessories" for dampers, sound-control devices, duct-mounting access doors and panels, turning vanes, and flexible ducts.


	1.3 PERFORMANCE REQUIREMENTS
	A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam and joint construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and performance ...
	B. Structural Performance:  Duct hangers and supports shall withstand the effects of gravity loads and stresses within limits and under conditions described in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"
	C. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1-2004.

	1.4 SUBMITTALS
	A. Product Data:  For each type of the following products:
	1. Liners and adhesives.
	2. Sealants and gaskets.
	3. Seismic-restraint devices.

	B. Shop Drawings:
	1. Fabrication, assembly, and installation, including plans, elevations, sections, components, and attachments to other work.
	2. Factory- and shop-fabricated ducts and fittings.
	3. Duct layout indicating sizes, configuration, liner material, and static-pressure classes.
	4. Elevation of top of ducts.
	5. Dimensions of main duct runs from building grid lines.
	6. Fittings.
	7. Reinforcement and spacing.
	8. Seam and joint construction.
	9. Penetrations through fire-rated and other partitions.
	10. Equipment installation based on equipment being used on Project.
	11. Locations for duct accessories, including dampers, turning vanes, and access doors and panels.
	12. Hangers and supports, including methods for duct and building attachment and vibration isolation.

	C. Coordination Drawings:  Plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	1. Duct installation in congested spaces, indicating coordination with general construction, building components, and other building services.  Indicate proposed changes to duct layout.
	2. Suspended ceiling components.
	3. Structural members to which duct will be attached.
	4. Size and location of initial access modules for acoustical tile.
	5. Penetrations of smoke barriers and fire-rated construction.
	6. Items penetrating finished ceiling including the following:
	a. Lighting fixtures.
	b. Air outlets and inlets.
	c. Speakers.
	d. Sprinklers.
	e. Access panels.
	f. Perimeter moldings.


	D. Welding certificates.

	1.5 QUALITY ASSURANCE
	A. Welding Qualifications:  Qualify procedures and personnel according to AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding.
	B. Welding Qualifications:  Qualify procedures and personnel according to the following:
	1. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding.



	PART 2 -  PRODUCTS
	2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS
	A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise indicated.
	B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 1-4, "Transverse (Girth) Joints," for static-pressure class, applicable sealing requirements, materials invol...
	C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 1-5, "Longitudinal Seams - Rectangular Ducts," for static-pressure class, applicable sealing requirements, ma...
	D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 2, "Fittings and Other Construction," for static-press...

	2.2 SINGLE-WALL ROUND DUCTS AND FITTINGS
	A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on indicated static-pressure class unless otherwise indicated.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. McGill AirFlow LLC.
	b. SEMCO Incorporated.
	c. Sheet Metal Connectors, Inc.
	d. Spiral Manufacturing Co., Inc.


	B. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and diameter of the round sides connecting the flat portions of the duct (minor dimension).
	C. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Transverse Joints - Round Duct," for static-pressure class, applicable sealing requirements, materials ...
	D. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Seams - Round Duct and Fittings," for static-pressure class, applicable sealing requirements, materials...
	E. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-4, "90 Degree Tees and Laterals," and Figure 3-5, "Conical Tees," for static-pressure class, applicable sealing r...

	2.3 SHEET METAL MATERIALS
	A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated.  Sheet metal materials shall be f...
	B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M.
	1. Galvanized Coating Designation:  G60.

	C. Carbon-Steel Sheets:  Comply with ASTM A 1008/A 1008M, with oiled, matte finish for exposed ducts.
	D. Stainless-Steel Sheets:  Comply with ASTM A 480/A 480M, Type 304 or 316, as indicated in the "Duct Schedule" Article; cold rolled, annealed, sheet.  Exposed surface finish shall be No. 2B, No. 2D, No. 3, or No. 4 as indicated in the "Duct Schedule"...
	E. Aluminum Sheets:  Comply with ASTM B 209 Alloy 3003, H14 temper; with mill finish for concealed ducts, and standard, one-side bright finish for duct surfaces exposed to view.
	F. Factory- or Shop-Applied Antimicrobial Coating:
	1. Apply to the surface of sheet metal that will form the interior surface of the duct.  An untreated clear coating shall be applied to the exterior surface.
	2. Antimicrobial compound shall be tested for efficacy by an NRTL and registered by the EPA for use in HVAC systems.
	3. Coating containing the antimicrobial compound shall have a hardness of 2H, minimum, when tested according to ASTM D 3363.
	4. Surface-Burning Characteristics:  Maximum flame-spread index of 25 and maximum smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.
	5. Shop-Applied Coating Color:  Black.
	6. Antimicrobial coating on sheet metal is not required for duct containing liner treated with antimicrobial coating.

	G. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.

	H. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch minimum diameter for lengths longer than 36 inches.

	2.4 DUCT LINER
	A. Flexible Elastomeric Duct Liner:  Preformed, cellular, closed-cell, sheet materials complying with ASTM C 534, Type II, Grade 1; and with NFPA 90A or NFPA 90B.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Aeroflex USA Inc.
	b. Armacell LLC.
	c. Rubatex International, LLC

	2. Surface-Burning Characteristics:  Maximum flame-spread index of 25 and maximum smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.
	3. Liner Adhesive:  As recommended by insulation manufacturer and complying with NFPA 90A or NFPA 90B.
	a. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).


	B. Insulation Pins and Washers:
	1. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for capacitor-discharge welding, 0.106-inch  diameter shank, length to suit depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel...
	2. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch thick galvanized steel; with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches in diameter.

	C. Shop Application of Duct Liner:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-19, "Flexible Duct Liner Installation."
	1. Adhere a single layer of indicated thickness of duct liner with at least 90 percent adhesive coverage at liner contact surface area.  Attaining indicated thickness with multiple layers of duct liner is prohibited.
	2. Apply adhesive to transverse edges of liner facing upstream that do not receive metal nosing.
	3. Butt transverse joints without gaps, and coat joint with adhesive.
	4. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-edge overlapping.
	5. Do not apply liner in rectangular ducts with longitudinal joints, except at corners of ducts, unless duct size and dimensions of standard liner make longitudinal joints necessary.
	6. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm.
	7. Secure liner with mechanical fasteners 4 inches from corners and at intervals not exceeding 12 inches transversely; at 3 inches from transverse joints and at intervals not exceeding 18 inches longitudinally.
	8. Secure transversely oriented liner edges facing the airstream with metal nosings that have either channel or "Z" profiles or are integrally formed from duct wall.  Fabricate edge facings at the following locations:
	a. Fan discharges.
	b. Intervals of lined duct preceding unlined duct.
	c. Upstream edges of transverse joints in ducts where air velocities are higher than 2500 fpm or where indicated.

	9. Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, turning vane assemblies, or other devices.  Fabricated buildouts (metal hat sections) or other buildout means are optional; when used, secure buildouts to duct walls wit...


	2.5 SEALANT AND GASKETS
	A. General Sealant and Gasket Requirements:  Surface-burning characteristics for sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.
	B. Water-Based Joint and Seam Sealant:
	1. Application Method:  Brush on.
	2. Solids Content:  Minimum 65 percent.
	3. Shore A Hardness:  Minimum 20.
	4. Water resistant.
	5. Mold and mildew resistant.
	6. VOC:  Maximum 75 g/L (less water).
	7. Maximum Static-Pressure Class:  10-inch wg, positive and negative.
	8. Service:  Indoor or outdoor.
	9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless steel, or aluminum sheets.

	C. Flanged Joint Sealant:  Comply with ASTM C 920.
	1. General:  Single-component, acid-curing, silicone, elastomeric.
	2. Type:  S.
	3. Grade:  NS.
	4. Class:  25.
	5. Use:  O.

	D. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
	E. Round Duct Joint O-Ring Seals:
	1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and shall be rated for 10-inch wg static-pressure class, positive or negative.
	2. EPDM O-ring to seal in concave bead in coupling or fitting spigot.
	3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings and fitting spigots.


	2.6 HANGERS AND SUPPORTS
	A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts.
	B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or galvanized rods with threads painted with zinc-chromate primer after installation.
	C. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 4-1, "Rectangular Duct Hangers Minimum Size," and Table 4-2, "Minimum Hanger Sizes for Round Duct."
	D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with ASTM A 603.
	E. Steel Cables for Stainless-Steel Ducts:  Stainless steel complying with ASTM A 492.
	F. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, and bolts designed for duct hanger service; with an automatic-locking and clamping device.
	G. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
	H. Trapeze and Riser Supports:
	1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates.
	2. Supports for Stainless-Steel Ducts:  Stainless-steel shapes and plates.
	3. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with zinc chromate.



	PART 3 -  EXECUTION
	3.1 DUCT INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct system.  Indicated duct locations, configurations, and arrangements were used to size ducts and calculate friction loss for air-handling equipment sizing and ...
	B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" unless otherwise indicated.
	C. Install round ducts in maximum practical lengths.
	D. Install ducts with fewest possible joints.
	E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch connections.
	F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and perpendicular to building lines.
	G. Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building.
	H. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.
	I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and enclosures.
	J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to view, cover the opening between the partition and duct or duct insulation with sheet metal flanges of same metal thickness as the duct.  Overlap openi...
	K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.  Comply with requirements in Division 23 Section "Air Duct Accessories" for fire and smoke dampers.
	L. Protect duct interiors from moisture, construction debris and dust, and other foreign materials. Comply with SMACNA's "Duct Cleanliness for New Construction Guidelines."

	3.2 INSTALLATION OF EXPOSED DUCTWORK
	A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged.
	B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed bead.  Do not use two-part tape sealing system.
	C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.  When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, and treat the welds to remove discoloration caused by weld...
	D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings, hangers and supports, duct accessories, and air outlets.
	E. Repair or replace damaged sections and finished work that does not comply with these requirements.

	3.3 DUCT SEALING
	A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	B. Seal ducts to the following seal classes according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible":
	1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	2. Outdoor, Supply-Air Ducts:  Seal Class A.
	3. Outdoor, Exhaust Ducts:  Seal Class C.
	4. Outdoor, Return-Air Ducts:  Seal Class C.
	5. Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and Lower:  Seal Class B.
	6. Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than2-Inch wg:  Seal Class A.
	7. Unconditioned Space, Exhaust Ducts:  Seal Class C.
	8. Unconditioned Space, Return-Air Ducts:  Seal Class B.
	9. Conditioned Space, Supply-Air Ducts in Pressure Classes2-Inch wg and Lower:  Seal Class C.
	10. Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg:  Seal Class B.
	11. Conditioned Space, Exhaust Ducts:  Seal Class B.
	12. Conditioned Space, Return-Air Ducts:  Seal Class C.


	3.4 HANGER AND SUPPORT INSTALLATION
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 4, "Hangers and Supports."
	B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel fasteners appropriate for construction materials to which hangers are being attached.
	1. Where practical, install concrete inserts before placing concrete.
	2. Install powder-actuated concrete fasteners after concrete is placed and completely cured.
	3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for slabs more than 4 inches thick.
	4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for slabs less than 4 inches thick.
	5. Do not use powder-actuated concrete fasteners for seismic restraints.

	C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 4-1, "Rectangular Duct Hangers Minimum Size," and Table 4-2, "Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and...
	D. Hangers Exposed to View:  Threaded rod and angle or channel supports.
	E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16 feet.
	F. Install upper attachments to structures.  Select and size upper attachments with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	3.5 CONNECTIONS
	A. Make connections to equipment with flexible connectors complying with Division 23 Section "Air Duct Accessories."
	B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch, outlet and inlet, and terminal unit connections.

	3.6 PAINTING
	A. Paint interior of metal ducts that are visible through registers and grilles and that do not have duct liner.  Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer.  Paint materials and application requirements are s...

	3.7 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Leakage Tests:
	1. Comply with SMACNA's "HVAC Air Duct Leakage Test Manual."  Submit a test report for each test.
	2. Test the following systems:
	a. Ducts with a Pressure Class Higher Than 3-Inch wg:  Test representative duct sections totaling no less than 25 percent of total installed duct area for each designated pressure class.

	3. Disassemble, reassemble, and seal segments of systems to accommodate leakage testing and for compliance with test requirements.
	4. Test for leaks before applying external insulation.
	5. Conduct tests at static pressures equal to maximum design pressure of system or section being tested.  If static-pressure classes are not indicated, test system at maximum system design pressure.  Do not pressurize systems above maximum design oper...
	6. Give seven days' advance notice for testing.

	C. Duct System Cleanliness Tests:
	1. Visually inspect duct system to ensure that no visible contaminants are present.
	2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness according to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and Restoration of HVAC Systems."
	a. Acceptable Cleanliness Level:  Net weight of debris collected on the filter media shall not exceed 0.75 mg/100 sq. cm.


	D. Duct system will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.

	3.8 DUCT CLEANING
	A. Clean new and existing duct system(s) before testing, adjusting, and balancing.
	B. Use service openings for entry and inspection.
	1. Create new openings and install access panels appropriate for duct static-pressure class if required for cleaning access.  Provide insulated panels for insulated or lined duct.  Patch insulation and liner as recommended by duct liner manufacturer. ...
	2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection.
	3. Remove and reinstall ceiling to gain access during the cleaning process.

	C. Particulate Collection and Odor Control:
	1. When venting vacuuming system inside the building, use HEPA filtration with 99.97 percent collection efficiency for 0.3-micron-size (or larger) particles.
	2. When venting vacuuming system to outdoors, use filter to collect debris removed from HVAC system, and locate exhaust downwind and away from air intakes and other points of entry into building.

	D. Clean the following components by removing surface contaminants and deposits:
	1. Air outlets and inlets (registers, grilles, and diffusers).
	2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive assemblies.
	3. Air-handling unit internal surfaces and components including mixing box, coil section, air wash systems, spray eliminators, condensate drain pans, humidifiers and dehumidifiers, filters and filter sections, and condensate collectors and drains.
	4. Coils and related components.
	5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and mechanical equipment rooms.
	6. Supply-air ducts, dampers, actuators, and turning vanes.
	7. Dedicated exhaust and ventilation components and makeup air systems.

	E. Mechanical Cleaning Methodology:
	1. Clean metal duct systems using mechanical cleaning methods that extract contaminants from within duct systems and remove contaminants from building.
	2. Use vacuum-collection devices that are operated continuously during cleaning.  Connect vacuum device to downstream end of duct sections so areas being cleaned are under negative pressure.
	3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without damaging integrity of metal ducts, duct liner, or duct accessories.
	4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner to get wet.  Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated or that has friable material, mold, or fungus growth.
	5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain pan operational.  Rinse coils with clean water to remove latent residues and cleaning materials; comb and straighten fins.
	6. Provide drainage and cleanup for wash-down procedures.
	7. Antimicrobial Agents and Coatings:  Apply EPA-registered antimicrobial agents if fungus is present.  Apply antimicrobial agents according to manufacturer's written instructions after removal of surface deposits and debris.


	3.9 START UP
	A. Air Balance:  Comply with requirements in Division 23 Section "Testing, Adjusting, and Balancing for HVAC."

	3.10 DUCT SCHEDULE
	A. Supply Ducts:
	1. Ducts Connected to Variable-Air-Volume Air-Handling Units :
	a. Pressure Class:  Positive 3-inch wg.
	b. Minimum SMACNA Seal Class:  B.
	c. SMACNA Leakage Class for Rectangular:  6.
	d. SMACNA Leakage Class for Round and Flat Oval:  6.

	2. Ducts Connected to Equipment Not Listed Above:
	a. Pressure Class:  3. -inch wg
	b. Minimum SMACNA Seal Class:  B.
	c. SMACNA Leakage Class for Rectangular:  6.
	d. SMACNA Leakage Class for Round and Flat Oval:  6.


	B. Return Ducts:
	1. Ducts Connected to Air-Handling Units:
	a. Pressure Class:  Positive or negative 2-inch wg.
	b. Minimum SMACNA Seal Class:  B.
	c. SMACNA Leakage Class for Rectangular:  12.
	d. SMACNA Leakage Class for Round and Flat Oval:  12.

	2. Ducts Connected to Equipment Not Listed Above:
	a. Pressure Class:  Positive or negative 2-inch wg.
	b. Minimum SMACNA Seal Class:  B.
	c. SMACNA Leakage Class for Rectangular:  6.
	d. SMACNA Leakage Class for Round and Flat Oval:  6.


	C. Exhaust Ducts:
	1. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air:
	a. Pressure Class:  Negative 2-inch wg.
	b. Minimum SMACNA Seal Class:  B if negative pressure, and A if positive pressure.
	c. SMACNA Leakage Class for Rectangular:  12.
	d. SMACNA Leakage Class for Round and Flat Oval:  12.

	2. Ducts Connected to Commercial Kitchen Hoods:  Comply with NFPA 96.
	a. Exposed to View:  Type 304, stainless-steel sheet, No. 4 finish.
	b. Concealed:  Type 304, stainless-steel sheet, No. 2D finish.
	c. Welded seams and joints.
	d. Pressure Class:  Positive or negative 3-inch wg.
	e. Minimum SMACNA Seal Class:  Welded seams, joints, and penetrations.
	f. SMACNA Leakage Class:  3.

	3. Ducts Connected to Fans Exhausting Laboratory and Process (ASHRAE 62.1, Class 3 and 4) Air:
	a. Type 304, stainless-steel sheet.
	1) Exposed to View:  No. 4 finish.
	2) Concealed:  No. 2D finish.

	b. Pressure Class:  Positive or negative 3-inch wg.
	c. Minimum SMACNA Seal Class:  Welded seams, joints, and penetrations.
	d. SMACNA Leakage Class:  3.

	4. Ducts Connected to Equipment Not Listed Above:
	a. Pressure Class:  Positive or negative 2-inch wg.
	b. Minimum SMACNA Seal Class:  B if negative pressure, and A if positive pressure.
	c. SMACNA Leakage Class for Rectangular:  12.
	d. SMACNA Leakage Class for Round and Flat Oval:  12.


	D. Intermediate Reinforcement:
	1. Galvanized-Steel Ducts:  Galvanized steel.
	2. Stainless-Steel Ducts:
	a. Exposed to Airstream:  Match duct material.
	b. Not Exposed to Airstream:  Galvanized.


	E. Liner:
	1. Supply Air Ducts:  Fibrous glass, Type I, 1” thick
	2. Supply Fan Plenums:  Fibrous glass, Type II,

	F. Elbow Configuration:
	1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Elbows."
	a. Velocity 1000 fpm or Lower:
	1) Radius Type RE 1 with minimum 0.5 radius-to-diameter ratio.
	2) Mitered Type RE 4 without vanes.

	b. Velocity 1000 to 1500 fpm:
	1) Radius Type RE 1 with minimum 1.0 radius-to-diameter ratio.
	2) Radius Type RE 3 with minimum 0.5 radius-to-diameter ratio and two vanes.
	3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane Runners," and Figure 2-4, "Vane Support in Elbows."

	c. Velocity 1500 fpm or Higher:
	1) Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.
	2) Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.
	3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane Runners," and Figure 2-4, "Vane Support in Elbows."


	2. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Elbows."
	a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.
	b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.
	c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane Runners," and Figure 2-4, "Vane Support in Elbows."

	3. Round Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-3, "Round Duct Elbows."
	a. Minimum Radius-to-Diameter Ratio and Elbow Segments:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 3-1, "Mitered Elbows."  Elbows with less than 90-degree change of direction have proportionately fewer segments.
	1) Velocity 1000 fpm or Lower:  0.5 radius-to-diameter ratio and three segments for 90-degree elbow.
	2) Velocity 1000 to 1500 fpm:  1.0 radius-to-diameter ratio and four segments for 90-degree elbow.
	3) Velocity 1500 fpm or Higher:  1.5 radius-to-diameter ratio and five segments for 90-degree elbow.
	4) Radius-to Diameter Ratio:  1.5.

	b. Round Elbows, 12 Inches and Smaller in Diameter:  Stamped or pleated.
	c. Round Elbows, 14 Inches and Larger in Diameter:  Standing seam.


	G. Branch Configuration:
	1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-6, "Branch Connections."
	a. Rectangular Main to Rectangular Branch:  45-degree entry.
	b. Rectangular Main to Round Branch:  Spin in.

	2. Round and Flat Oval:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-4, "90 Degree Tees and Laterals," and Figure 3-5, "Conical Tees."  Saddle taps are permitted in existing duct.
	a. Velocity 1000 fpm or Lower:  90-degree tap.
	b. Velocity 1000 to 1500 fpm:  Conical tap.
	c. Velocity 1500 fpm or Higher:  45-degree lateral.





	233300-air duct accessories
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Manual volume dampers.
	2. Fire dampers.
	3. Smoke dampers.
	4. Combination fire and smoke dampers.
	5. Turning vanes.
	6. Duct-mounted access doors.
	7. Flexible connectors.
	8. Duct accessory hardware.

	B. Related Sections:
	1. Division 23 Section "HVAC Gravity Ventilators" for roof-mounted ventilator caps.
	2. Division 28 Section "Fire Detection and Alarm" for duct-mounted fire and smoke detectors.


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	1. For duct silencers, include pressure drop and dynamic insertion loss data.  Include breakout noise calculations for high transmission loss casings.

	B. Shop Drawings:  For duct accessories.  Include plans, elevations, sections, details and attachments to other work.
	1. Detail duct accessories fabrication and installation in ducts and other construction.  Include dimensions, weights, loads, and required clearances; and method of field assembly into duct systems and other construction.  Include the following:
	a. Special fittings.
	b. Manual volume damper installations.
	c. Fire-damper, smoke-damper, combination fire- and smoke-damper, ceiling, and corridor damper installations, including sleeves; and duct-mounted access doors and remote damper operators.
	d. Wiring Diagrams:  For power, signal, and control wiring.


	C. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which ceiling-mounted access panels and access doors required for access to duct accessories are shown and coordinated with each other, using input from Installers of the items inv...
	D. Operation and Maintenance Data:  For air duct accessories to include in operation and maintenance manuals.

	1.4 QUALITY ASSURANCE
	A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."
	B. Comply with AMCA 500-D testing for damper rating.

	1.5 EXTRA MATERIALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Fusible Links:  Furnish quantity equal to 10 percent of amount installed.



	PART 2 -  PRODUCTS
	2.1 MATERIALS
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated.  Sheet metal materials shall be free of pitting, seam marks, roll...
	B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M.
	1. Galvanized Coating Designation:  G60.
	2. Exposed-Surface Finish:  Mill phosphatized.

	C. Stainless-Steel Sheets:  Comply with ASTM A 480/A 480M, Type 304, and having a No. 2 finish for concealed ducts.
	D. Aluminum Sheets:  Comply with ASTM B 209, Alloy 3003, Temper H14; with mill finish for concealed ducts and standard, 1-side bright finish for exposed ducts.
	E. Extruded Aluminum:  Comply with ASTM B 221, Alloy 6063, Temper T6.
	F. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.
	G. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch minimum diameter for lengths longer than 36 inches.

	2.2 MANUAL VOLUME DAMPERS
	A. Standard, Steel, Manual Volume Dampers:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. METALAIRE, Inc.
	b. Nailor Industries Inc.
	c. Ruskin Company.

	2. Standard leakage rating, with linkage outside airstream.
	3. Suitable for horizontal or vertical applications.
	4. Frames:
	a. Hat-shaped, galvanized channels, 0.064-inch minimum thickness.
	b. Mitered and welded corners.
	c. Flanges for attaching to walls and flangeless frames for installing in ducts.

	5. Blades:
	a. Multiple or single blade.
	b. Parallel- or opposed-blade design.
	c. Stiffen damper blades for stability.
	d. GalvanizedStainless-steel, 0.064 inch thick.

	6. Blade Axles:  Galvanized steel.
	7. Bearings:
	a.  Molded synthetic or Stainless-steel sleeve.
	b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full length of damper blades and bearings at both ends of operating shaft.

	8. Tie Bars and Brackets:  Galvanized steel.

	B. Standard, Aluminum, Manual Volume Dampers:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. METALAIRE, Inc.
	b. Nailor Industries Inc.
	c. Ruskin Company.

	2. Standard leakage rating, with linkage outside airstream.
	3. Suitable for horizontal or vertical applications.
	4. Frames:  Hat-shaped, 0.10-inch thick, aluminum sheet channels; frames with flanges for attaching to walls and flangeless frames for installing in ducts.
	5. Blades:
	a. Multiple or single blade.
	b. Parallel- or opposed-blade design.
	c. Stiffen damper blades for stability.
	d. Roll-Formed Aluminum Blades:  0.10-inch thick aluminum sheet.
	e. Extruded-Aluminum Blades:  0.050-inch thick extruded aluminum.

	6. Blade Axles:  Galvanized steel.
	7. Bearings:
	a.  Molded synthetic or Stainless-steel sleeve.
	b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full length of damper blades and bearings at both ends of operating shaft.

	8. Tie Bars and Brackets:  Aluminum.

	C. Low-Leakage, Steel, Manual Volume Dampers:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. METALAIRE, Inc.
	b. Nailor Industries Inc.
	c. Ruskin Company.

	2. Low-leakage rating, with linkage outside airstream, and bearing AMCA's Certified Ratings Seal for both air performance and air leakage.
	3. Suitable for horizontal or vertical applications.
	4. Frames:
	a. Hat shaped.
	b. GalvanizedStainless-steel channels, 0.064 inch thick.
	c. Mitered and welded corners.
	d. Flanges for attaching to walls and flangeless frames for installing in ducts.

	5. Blades:
	a. Multiple or single blade.
	b. Parallel- or opposed-blade design.
	c. Stiffen damper blades for stability.
	d. GalvanizedStainless, roll-formed steel, 0.064 inch thick.

	6. Blade Axles:  Galvanized steel.
	7. Bearings:
	a.  Molded synthetic or Stainless-steel sleeve.
	b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full length of damper blades and bearings at both ends of operating shaft.

	8. Blade Seals:  Neoprene.
	9. Jamb Seals:  Cambered stainless steel.
	10. Tie Bars and Brackets:  Galvanized steel.
	11. Accessories:
	a. Include locking device to hold single-blade dampers in a fixed position without vibration.


	D. Low-Leakage, Aluminum, Manual Volume Dampers:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. METALAIRE, Inc.
	b. Nailor Industries Inc.
	c. Ruskin Company.

	2. Low-leakage rating, with linkage outside airstream, and bearing AMCA's Certified Ratings Seal for both air performance and air leakage.
	3. Suitable for horizontal or vertical applications.
	4. Frames:  Hat-shaped, 0.10-inch thick, aluminum sheet channels; frames with flanges for attaching to walls and flangeless frames for installing in ducts.
	5. Blades:
	a. Multiple or single blade.
	b. Parallel- or opposed-blade design.
	c. Roll-Formed Aluminum Blades:  0.10-inch thick aluminum sheet.
	d. Extruded-Aluminum Blades:  0.050-inch thick extruded aluminum.

	6. Blade Axles:  Galvanized steel.
	7. Bearings:
	a.  Molded synthetic or Stainless-steel sleeve.
	b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full length of damper blades and bearings at both ends of operating shaft.

	8. Blade Seals:  Neoprene.
	9. Jamb Seals:  Cambered stainless steel.
	10. Tie Bars and Brackets:  Galvanized steel.
	11. Accessories:
	a. Include locking device to hold single-blade dampers in a fixed position without vibration.


	E. Jackshaft:
	1. Size:  1-inch diameter.
	2. Material:  Galvanized-steel pipe rotating within pipe-bearing assembly mounted on supports at each mullion and at each end of multiple-damper assemblies.
	3. Length and Number of Mountings:  As required to connect linkage of each damper in multiple-damper assembly.

	F. Damper Hardware:
	1. Zinc-plated, die-cast core with dial and handle made of 3/32-inch thick zinc-plated steel, and a 3/4-inch hexagon locking nut.
	2. Include center hole to suit damper operating-rod size.
	3. Include elevated platform for insulated duct mounting.


	2.3 FIRE DAMPERS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. METALAIRE, Inc.
	2. Nailor Industries Inc.
	3. Ruskin Company.

	B. Type:  Static and dynamic; rated and labeled according to UL 555 by an NRTL.
	C. Closing rating in ducts up to 4-inch wg static pressure class and minimum 4000-fpm velocity.
	D. Fire Rating:  1-1/2 hours.
	E. Frame:  Curtain type with blades outside airstream except when located behind grille where blades may be inside airstream; fabricated with roll-formed, 0.034-inch thick galvanized steel; with mitered and interlocking corners.
	F. Mounting Sleeve:  Factory- or field-installed, galvanized sheet steel.
	1. Minimum Thickness:  0.052 or 0.138 inch thick, as indicated, and of length to suit application.
	2. Exception:  Omit sleeve where damper-frame width permits direct attachment of perimeter mounting angles on each side of wall or floor; thickness of damper frame must comply with sleeve requirements.

	G. Mounting Orientation:  Vertical or horizontal as indicated.
	H. Blades:  Roll-formed, interlocking, 0.034-inch thick, galvanized sheet steel.  In place of interlocking blades, use full-length, 0.034-inch thick, galvanized-steel blade connectors.
	I. Horizontal Dampers:  Include blade lock and stainless-steel closure spring.
	J. Heat-Responsive Device:  Replaceable, 165 deg F 212 deg F  rated, fusible links.

	2.4 SMOKE DAMPERS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Greenheck Fan Corporation.
	2. Nailor Industries Inc.
	3. Ruskin Company.

	B. General Requirements:  Label according to UL 555S by an NRTL.
	C. Smoke Detector:  Integral, factory wired for single-point connection.
	D. Frame:  Curtain type with blades outside airstream except when located behind grille where blades may be inside airstream; fabricated with roll-formed, 0.034-inch thick galvanized steel; with mitered and interlocking corners.
	E. Blades:  Roll-formed, horizontal, interlocking, 0.034-inch thick, galvanized sheet steel.  In place of interlocking blades, use full-length, 0.034-inch thick, galvanized-steel blade connectors.
	F. Leakage:  Class I Class II.
	G. Rated pressure and velocity to exceed design airflow conditions.
	H. Mounting Sleeve:  Factory-installed, 0.052-inch thick, galvanized sheet steel; length to suit wall or floor application.
	I. Comply with NEMA designation, temperature rating, service factor, enclosure type, and efficiency requirements for motors specified in Division 23 Section "Common Motor Requirements for HVAC Equipment."
	1. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven load will not require motor to operate in service factor range above 1.0.
	2. Controllers, Electrical Devices, and Wiring:  Comply with requirements for electrical devices and connections specified in Division 26 Sections.
	3. Permanent-Split-Capacitor or Shaded-Pole Motors:  With oil-immersed and sealed gear trains.
	4. Spring-Return Motors:  Equip with an integral spiral-spring mechanism where indicated.  Enclose entire spring mechanism in a removable housing designed for service or adjustments.  Size for running torque rating of 150 in. x lbf and breakaway torqu...
	5. Outdoor Motors and Motors in Outdoor-Air Intakes:  Equip with O-ring gaskets designed to make motors weatherproof.  Equip motors with internal heaters to permit normal operation at minus 40 deg F.
	6. Nonspring-Return Motors:  For dampers larger than 25 sq. ft., size motor for running torque rating of 150 in. x lbf and breakaway torque rating of 300 in. x lbf.
	7. Electrical Connection:  115 V, single phase, 60 Hz.

	J. Accessories:
	1. Auxiliary switches for position indication.


	2.5 COMBINATION FIRE AND SMOKE DAMPERS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Greenheck Fan Corporation.
	2. Nailor Industries Inc.
	3. Ruskin Company.

	B. Type:  Static and dynamic; rated and labeled according to UL 555 and UL 555S by an NRTL.
	C. Closing rating in ducts up to 4-inch wg static pressure class and minimum 4000-fpm velocity.
	D. Fire Rating:  1-1/2 hours.
	E. Frame:  Curtain type with blades outside airstream except when located behind grille where blades may be inside airstream; fabricated with roll-formed, 0.034-inch thick galvanized steel; with mitered and interlocking corners.
	F. Heat-Responsive Device:  Replaceable, 165 deg F 212 deg F  rated, fusible links.
	G. Smoke Detector:  Integral, factory wired for single-point connection.
	H. Frame:  Curtain type with blades outside airstream except when located behind grille where blades may be inside airstream; fabricated with roll-formed, 0.034-inch thick galvanized steel; with mitered and interlocking corners.
	I. Blades:  Roll-formed, horizontal, interlocking, 0.034-inch thick, galvanized sheet steel.  In place of interlocking blades, use full-length, 0.034-inch thick, galvanized-steel blade connectors.
	J. Leakage:  Class I Class II.
	K. Rated pressure and velocity to exceed design airflow conditions.
	L. Mounting Sleeve:  Factory-installed, 0.052-inch thick, galvanized sheet steel; length to suit wall or floor application.
	M. Master control panel for use in dynamic smoke-management systems.
	N. Comply with NEMA designation, temperature rating, service factor, enclosure type, and efficiency requirements for motors specified in Division 23 Section "Common Motor Requirements for HVAC Equipment."
	1. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven load will not require motor to operate in service factor range above 1.0.
	2. Controllers, Electrical Devices, and Wiring:  Comply with requirements for electrical devices and connections specified in Division 26 Sections.
	3. Permanent-Split-Capacitor or Shaded-Pole Motors:  With oil-immersed and sealed gear trains.
	4. Spring-Return Motors:  Equip with an integral spiral-spring mechanism where indicated.  Enclose entire spring mechanism in a removable housing designed for service or adjustments.  Size for running torque rating of 150 in. x lbf and breakaway torqu...
	5. Outdoor Motors and Motors in Outdoor-Air Intakes:  Equip with O-ring gaskets designed to make motors weatherproof.  Equip motors with internal heaters to permit normal operation at minus 40 deg F.
	6. Nonspring-Return Motors:  For dampers larger than 25 sq. ft., size motor for running torque rating of 150 in. x lbf and breakaway torque rating of 300 in. x lbf.
	7. Electrical Connection:  115 V, single phase, 60 Hz.

	O. Accessories:
	1. Auxiliary switches for position indication.


	2.6 TURNING VANES
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Duro Dyne Inc.
	2. METALAIRE, Inc.
	3. SEMCO Incorporated.

	B. Manufactured Turning Vanes for Metal Ducts:  Curved blades of galvanized sheet steel; support with bars perpendicular to blades set; set into vane runners suitable for duct mounting.
	1. Acoustic Turning Vanes:  Fabricate airfoil-shaped aluminum extrusions with perforated faces and fibrous-glass fill.

	C. Manufactured Turning Vanes for Nonmetal Ducts:  Fabricate curved blades of resin-bonded fiberglass with acrylic polymer coating; support with bars perpendicular to blades set; set into vane runners suitable for duct mounting.
	D. General Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 2-3, "Vanes and Vane Runners," and 2-4, "Vane Support in Elbows."
	E. Vane Construction:  Single wall for ducts up to 48 inches wide and double wall for larger dimensions.

	2.7 DUCT-MOUNTED ACCESS DOORS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Greenheck Fan Corporation.
	2. Nailor Industries Inc.
	3. Ventfabrics, Inc.

	B. Duct-Mounted Access Doors:  Fabricate access panels according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 2-10, "Duct Access Doors and Panels," and 2-11, "Access Panels - Round Duct."
	1. Door:
	a. Double wall, rectangular.
	b. Galvanized sheet metal with insulation fill and thickness as indicated for duct pressure class.
	c. Vision panel.
	d. Hinges and Latches:  1-by-1-inch butt or piano hinge and cam latches.
	e. Fabricate doors airtight and suitable for duct pressure class.

	2. Frame:  Galvanized sheet steel, with bend-over tabs and foam gaskets.
	3. Number of Hinges and Locks:
	a. Access Doors Less Than 12 Inches Square:  No hinges and two sash locks.
	b. Access Doors up to 18 Inches Square:  Two hinges and two sash locks.
	c. Access Doors up to 24 by 48 Inches:  Three hinges and two compression latches.
	d. Access Doors Larger Than 24 by 48 Inches:  Four hinges and two compression latches with outside and inside handles.


	C. Pressure Relief Access Door:
	1. Door and Frame Material:  Galvanized sheet steel.
	2. Door:  Double wall with insulation fill with metal thickness applicable for duct pressure class.
	3. Operation:  Open outward for positive-pressure ducts and inward for negative-pressure ducts.
	4. Factory set at 10-inch wg.
	5. Doors close when pressures are within set-point range.
	6. Hinge:  Continuous piano.
	7. Latches:  Cam.
	8. Seal:  Neoprene or foam rubber.
	9. Insulation Fill:  1-inch thick, fibrous-glass or polystyrene-foam board.


	2.8 DUCT ACCESS PANEL ASSEMBLIES
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Ductmate Industries, Inc.
	2. Flame Gard, Inc.
	3. 3M.

	B. Labeled according to UL 1978 by an NRTL.
	C. Panel and Frame:  Minimum thickness 0.0528-inch carbon steel.
	D. Fasteners:  Carbon steel.  Panel fasteners shall not penetrate duct wall.
	E. Gasket:  Comply with NFPA 96; grease-tight, high-temperature ceramic fiber, rated for minimum 2000 deg F.
	F. Minimum Pressure Rating:  10-inch wg, positive or negative.

	2.9 FLEXIBLE CONNECTORS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Ductmate Industries, Inc.
	2. Duro Dyne Inc.
	3. Ventfabrics, Inc.
	4. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

	B. Materials:  Flame-retardant or noncombustible fabrics.
	C. Coatings and Adhesives:  Comply with UL 181, Class 1.
	D. Indoor System, Flexible Connector Fabric:  Glass fabric double coated with neoprene.
	1. Minimum Weight:  26 oz./sq. yd..
	2. Tensile Strength:  480 lbf/inch in the warp and 360 lbf/inch in the filling.
	3. Service Temperature:  Minus 40 to plus 200 deg F.

	E. Outdoor System, Flexible Connector Fabric:  Glass fabric double coated with weatherproof, synthetic rubber resistant to UV rays and ozone.
	1. Minimum Weight:  24 oz./sq. yd..
	2. Tensile Strength:  530 lbf/inch in the warp and 440 lbf/inch in the filling.
	3. Service Temperature:  Minus 50 to plus 250 deg F.

	F. High-Temperature System, Flexible Connectors:  Glass fabric coated with silicone rubber.
	1. Minimum Weight:  16 oz./sq. yd..
	2. Tensile Strength:  285 lbf/inch in the warp and 185 lbf/inch in the filling.
	3. Service Temperature:  Minus 67 to plus 500 deg F.

	G. High-Corrosive-Environment System, Flexible Connectors:  Glass fabric with chemical-resistant coating.
	1. Minimum Weight:  14 oz./sq. yd..
	2. Tensile Strength:  450 lbf/inch in the warp and 340 lbf/inch in the filling.
	3. Service Temperature:  Minus 67 to plus 500 deg F.

	H. Thrust Limits:  Combination coil spring and elastomeric insert with spring and insert in compression, and with a load stop.  Include rod and angle-iron brackets for attaching to fan discharge and duct.
	1. Frame:  Steel, fabricated for connection to threaded rods and to allow for a maximum of 30 degrees of angular rod misalignment without binding or reducing isolation efficiency.
	2. Outdoor Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated load.
	3. Minimum Additional Travel:  50 percent of the required deflection at rated load.
	4. Lateral Stiffness:  More than 80 percent of rated vertical stiffness.
	5. Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or failure.
	6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene.
	7. Coil Spring:  Factory set and field adjustable for a maximum of 1/4-inch movement at start and stop.


	2.10 FLEXIBLE DUCTS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Flexmaster U.S.A., Inc.
	2. McGill AirFlow LLC.
	3. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

	B. Insulated, Flexible Duct:  UL 181, Class 1, 2-ply vinyl film supported by helically wound, spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film.
	1. Pressure Rating:  10-inch wg positive and 1.0-inch wg negative.
	2. Maximum Air Velocity:  4000 fpm.
	3. Temperature Range:  Minus 10 to plus 160 deg F.
	4. Insulation R-value:  Comply with ASHRAE/IESNA 90.1-2004.

	C. Flexible Duct Connectors:
	1. Clamps:  Stainless-steel band with cadmium-plated hex screw to tighten band with a worm-gear actionNylon strap in sizes 3 through 18 inches, to suit duct size.


	2.11 DUCT ACCESSORY HARDWARE
	A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including screw cap and gasket.  Size to allow insertion of pitot tube and other testing instruments and of length to suit duct-insulation thickness.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct Construction Standards," for fibrous-glass ducts.
	B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and aluminum accessories in aluminum ducts.
	C. Install volume dampers at points on supply, return, and exhaust systems where branches extend from larger ducts.  Where dampers are installed in ducts having duct liner, install dampers with hat channels of same depth as liner, and terminate liner ...
	1. Install steel volume dampers in steel ducts.
	2. Install aluminum volume dampers in aluminum ducts.

	D. Set dampers to fully open position before testing, adjusting, and balancing.
	E. Install test holes at fan inlets and outlets and elsewhere as indicated.
	F. Install fire and smoke dampers according to UL listing.
	G. Connect ducts to duct silencers with flexible duct connectors.
	H. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining accessories and equipment at the following locations:
	1. On both sides of duct coils.
	2. Upstream and downstream from duct filters.
	3. At outdoor-air intakes and mixed-air plenums.
	4. At drain pans and seals.
	5. Downstream from manual volume dampers, control dampers, backdraft dampers, and equipment.
	6. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall fusible links.  Access doors for access to fire or smoke dampers having fusible links shall be pressure relief access doors and shall be outward operation for access doors...
	7. Upstream from turning vanes.
	8. Control devices requiring inspection.
	9. Elsewhere as indicated.

	I. Install access doors with swing against duct static pressure.
	J. Access Door Sizes:
	1. One-Hand or Inspection Access:  8 by 5 inches.
	2. Two-Hand Access:  12 by 6 inches.
	3. Head and Hand Access:  18 by 10 inches.
	4. Head and Shoulders Access:  21 by 14 inches.
	5. Body Access:  25 by 14 inches.

	K. Label access doors according to Division 23 Section "Identification for HVAC Piping and Equipment" to indicate the purpose of access door.
	L. Install flexible connectors to connect ducts to equipment.
	M. Connect terminal units to supply ducts directly or with maximum 12-inch lengths of flexible duct.  Do not use flexible ducts to change directions.
	N. Connect diffusers or light troffer boots to ducts directly or with maximum 60-inch lengths of flexible duct clamped or strapped in place.
	O. Install duct test holes where required for testing and balancing purposes.
	P. Install thrust limits at centerline of thrust, symmetrical on both sides of equipment.  Attach thrust limits at centerline of thrust and adjust to a maximum of 1/4-inch movement during start and stop of fans.

	3.2 FIELD QUALITY CONTROL
	A. Tests and Inspections:
	1. Operate dampers to verify full range of movement.
	2. Inspect locations of access doors and verify that purpose of access door can be performed.
	3. Operate fire, smoke, and combination fire and smoke dampers to verify full range of movement and verify that proper heat-response device is installed.
	4. Inspect turning vanes for proper and secure installation.




	233600 fl - air terminal units
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
	A. The city requires the contractor to implement practices and procedures to meet the project’s environmental performance goals, which include:


	1. Minimize the environmental impacts of the construction and operation of the project during the construction phase.  The project shall implement the following procedures singly or in combination:
	2. Products and processes that achieve the above objectives have been selected and included in the Construction Documents.
	1.3 SUMMARY
	A. Section Includes:
	1. Shutoff, single-duct air terminal units.


	1.4 ACTION SUBMITTALS
	A. Product Data:  For each type of the following products, including rated capacities, furnished specialties, sound-power ratings, and accessories.
	1. Air terminal units.
	2. Liners and adhesives.
	3. Sealants and gaskets.

	B. LEED Submittals:
	1. Product Data for Prerequisite IEQ 1:  Documentation indicating that units comply with ASHRAE 62.1, Section 5 - "Systems and Equipment."

	C. Shop Drawings:  For air terminal units.  Include plans, elevations, sections, details, and attachments to other work.
	1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	2. Wiring Diagrams:  For power, signal, and control wiring.


	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from Installers of the items involved:
	1. Ceiling suspension assembly members.
	2. Size and location of initial access modules for acoustic tile.
	3. Ceiling-mounted items including lighting fixtures, diffusers, grilles, speakers, sprinklers, access panels, and special moldings.

	B. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data:  For air terminal units to include in emergency, operation, and maintenance manuals.  Include the following:
	1. Instructions for resetting minimum and maximum air volumes.
	2. Instructions for adjusting software set points.


	1.7 QUALITY ASSURANCE
	A. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and Equipment" and Section 7 - "Construction and System Start-Up."

	1.8 DELIVERY, STORAGE AND HANDLING
	A.    Comply with the requirements of the Construction Indoor Air Quality Management Plan and the Construction Waste Management Plan.


	PART 2 -  PRODUCTS
	2.1 PRODUCT REQUIREMENTS FOR SUSTAINABLE DESIGN- GENERAL
	A. All field applied paints, coatings, sealants, sealer, adhesives in this section shall meet the requirements of VOC limits in 016116- Indoor Finishes Performance Requirements.

	2.2 PERFORMANCE REQUIREMENTS
	A. Structural Performance:  Hangers and supports shall withstand the effects of gravity loads and stresses within limits and under conditions described in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible".

	2.3 SYSTEM DESCRIPTION
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	2.4 SHUTOFF, SINGLE-DUCT AIR TERMINAL UNITS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following or approved equal:
	1. 41TAnemostat Products; a Mestek Company41T.
	2. Carnes.
	3. Nailor Industries Inc.
	4. Price Industries.
	5. Titus.
	6. Tuttle & Bailey.

	B. Configuration:  Volume-damper assembly inside unit casing with control components inside a protective metal shroud.
	C. Casing:  33T0.034-inch33T steel, single wall.
	1. Casing Lining:  Adhesive attached, 33T1-inch-33T thick, coated, fibrous-glass duct liner complying with ASTM C 1071, and having a maximum flame-spread index of 25 and a maximum smoke-developed index of 50, for both insulation and adhesive, when tes...
	a. Cover liner with nonporous foil.

	2. Air Inlet:  Round stub connection or S-slip and drive connections for duct attachment.
	3. Air Outlet:  S-slip and drive connections.
	4. Access:  Removable panels for access to parts requiring service, adjustment, or maintenance; with airtight gasket.
	5. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1.

	D. Regulator Assembly:  System-air-powered bellows section incorporating polypropylene bellows for volume regulation and thermostatic control.  Bellows shall operate at temperatures from 33T0 to 140 deg F33T, shall be impervious to moisture and fungus...
	E. Volume Damper:  Heavy Gauge steel with peripheral synthetic gasket and self-lubricating bearings.
	1. Maximum Damper Leakage:  ARI 880 rated, 2 percent of nominal airflow at 33T3-inch wg33T inlet static pressure.
	2. Damper Position:  Normally open.


	2.5 HANGERS AND SUPPORTS
	A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts.
	B. Air Terminal Unit Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
	C. Trapeze and Riser Supports:  Steel shapes and plates for units with steel casings; aluminum for units with aluminum casings.

	2.6 SOURCE QUALITY CONTROL
	A. Factory Tests:  Test assembled air terminal units according to ARI 880.
	1. Label each air terminal unit with plan number, nominal airflow, maximum and minimum factory-set airflows, and ARI certification seal.



	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install air terminal units according to NFPA 90A, "Standard for the Installation of Air Conditioning and Ventilating Systems."
	B. Install air terminal units level and plumb.  Maintain sufficient clearance for normal service and maintenance.

	3.2 HANGER AND SUPPORT INSTALLATION
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5, "Hangers and Supports."
	B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel fasteners appropriate for construction materials to which hangers are being attached.
	1. Install powder-actuated concrete fasteners after concrete is placed and completely cured.
	2. Use powder-actuated concrete fasteners for standard-weight aggregate concretes and for slabs more than 33T4 inches33T thick.
	3. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes and for slabs less than 33T4 inches33T thick.

	C. Hangers Exposed to View:  Threaded rod and angle or channel supports.
	D. Install upper attachments to structures.  Select and size upper attachments with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	3.3 CONNECTIONS
	A. Connect ducts to air terminal units according to Section 233113 "Metal Ducts."
	B. Make connections to air terminal units with flexible connectors complying with requirements in Section 233300 "Air Duct Accessories."

	3.4 IDENTIFICATION
	A. Label each air terminal unit with plan number, nominal airflow, and maximum and minimum factory-set airflows.  Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for equipment labels and warning signs and labels.

	3.5 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.

	B. Tests and Inspections:
	1. After installing air terminal units and after electrical circuitry has been energized, test for compliance with requirements.
	2. Operational Test:  After electrical circuitry has been energized, start units to confirm proper motor rotation and unit operation.
	3. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.

	C. Air terminal unit will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.6 STARTUP SERVICE
	A.  Perform startup service.
	1. Complete installation and startup checks according to manufacturer's written instructions.
	2. Verify that inlet duct connections are as recommended by air terminal unit manufacturer to achieve proper performance.
	3. Verify that controls and control enclosure are accessible.
	4. Verify that control connections are complete.
	5. Verify that nameplate and identification tag are visible.
	6. Verify that controls respond to inputs as specified.


	3.7 DEMONSTRATION
	A.  Train City of New York's maintenance personnel to adjust, operate, and maintain air terminal units.



	233713-diffusers, registers, and grilles
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes ceiling- and wall-mounted diffusers, registers, and grilles.
	B. Related Sections include the following:
	1. Division 23 Section "Air Duct Accessories" for fire and smoke dampers and volume-control dampers not integral to diffusers, registers, and grilles.


	1.3 SUBMITTALS
	A. Product Data:  For each product indicated, include the following:
	1. Data Sheet:  Indicate materials of construction, finish, and mounting details; and performance data including throw and drop, static-pressure drop, and noise ratings.
	2. Diffuser, Register, and Grille Schedule:  Indicate Drawing designation, room location, quantity, model number, size, and accessories furnished.

	B. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which the following items are shown and coordinated with each other, based on input from installers of the items involved:
	1. Ceiling suspension assembly members.
	2. Method of attaching hangers to building structure.
	3. Size and location of initial access modules for acoustical tile.
	4. Ceiling-mounted items including lighting fixtures, diffusers, grilles, speakers, sprinklers, access panels, and special moldings.
	5. Duct access panels.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, products specified.
	2. Products:  Subject to compliance with requirements, provide one of the products specified.
	3. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.
	4. Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.


	2.2 GRILLES AND REGISTERS
	A. Adjustable Bar GrilleRegister:
	1. Available Manufacturers:  Refer to Schedules
	a. Carnes.
	b. METALAIRE, Inc.; Metal Industries Inc.
	c. Titus.


	B. Fixed Face GrilleRegister:
	1. Available Manufacturers:  Refer to Schedules
	a. Carnes.
	b. METALAIRE, Inc.; Metal Industries Inc.
	c. Titus.



	2.3 LINEAR SLOT OUTLETS
	A. Linear Bar Grille or Diffuser:
	1. Available Manufacturers:  Refer to Schedules
	a. Carnes.
	b. METALAIRE, Inc.; Metal Industries Inc.
	c. Titus.


	B. Linear Slot Diffuser:
	1. Available Manufacturers:  Refer to Schedules
	a. Carnes.
	b. METALAIRE, Inc.; Metal Industries Inc.
	c. Titus.



	2.4 CEILING DIFFUSER OUTLETS
	A. Round Ceiling Diffuser:   Refer to Schedules
	1. Available Manufacturers:
	a. Carnes.
	b. METALAIRE, Inc.; Metal Industries Inc.
	c. Titus.


	B. Rectangular and Square Ceiling Diffusers:  Refer to Schedules
	1. Available Manufacturers:
	a. Carnes.
	b. METALAIRE, Inc.; Metal Industries Inc.
	c. Titus.


	C. Perforated Diffuser:  Refer to Schedules
	1. Available Manufacturers:
	a. Carnes.
	b. METALAIRE, Inc.; Metal Industries Inc.
	c. Titus.
	d. Price



	2.5 SOURCE QUALITY CONTROL
	A. Verification of Performance:  Rate diffusers, registers, and grilles according to ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets."


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with requirements for installation tolerances and other conditions affecting performance of equipment.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install diffusers, registers, and grilles level and plumb.
	B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, and accessories.  Air outlet and inlet locations have been indicated to achieve design requirements for air volume, noise criteria, airflow pattern, thro...
	C. Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and maintenance of dampers, air extractors, and fire dampers.

	3.3 ADJUSTING
	A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, before starting air balancing.



	260519 fl - low-voltage electrical power conductors and cables
	1. Comply with UL 1277, UL 1685, and NFPA 70 for Type TC-ER cable.
	2. Type TC-ER with oversized crosslinked polyethylene insulation, spiral-wrapped foil plus 85 percent coverage braided shields and insulated full-size ground wire, and sunlight- and oil-resistant outer PVC jacket.
	2.2 CONNECTORS AND SPLICES
	A. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 42T3M42T.
	2. 42TAFC Cable Systems, Inc42T.
	3. 42THubbell Power Systems, Inc42T.
	4. 42TILSCO42T.
	5. 42TO-Z/Gedney; an EGS Electrical Group brand; an Emerson Industrial Automation business42T.
	6. 42TTyco Electronics Corp42T.

	B. Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class for application and service indicated.

	2.3 SYSTEM DESCRIPTION
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NFPA 70.

	PART 3 -  EXECUTION
	3.1 CONDUCTOR MATERIAL APPLICATIONS
	A. Feeders:  Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
	B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger, except VFC cable, which shall be extra flexible stranded.

	3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS
	A. Exposed Feeders:  Type THHN/THWN-2, single conductors in raceway or Mineral-insulated, metal-sheathed cable, Type MI.
	B. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN/THWN-2, single conductors in raceway, Metal-clad cable, Type MC or Mineral-insulated, metal-sheathed cable, Type MI.
	C. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type XHHW-2, single conductors in raceway.
	D. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN/THWN-2, single conductors in raceway.
	E. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN/THWN-2, single conductors in raceway or Metal-clad cable, Type MC.
	F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN/THWN-2, single conductors in raceway or Type XHHW-2, single conductors in raceway.
	G. Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-steel, wire-mesh, strain relief device at terminations to suit application.

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.
	B. Complete raceway installation between conductor and cable termination points according to Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and cables.
	C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.
	D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage cables or raceway.
	E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow surface contours where possible.
	F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems."

	3.4 CONNECTIONS
	A. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values. If manufacturer's torque values are not indicated, use those specified in UL 486A-486B.
	B. Make splices, terminations, and taps that are compatible with conductor material and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.
	C. Wiring at Outlets: Install conductor at each outlet, with at least 34T6 inches34T of slack.

	3.5 IDENTIFICATION
	A. Identify and color-code conductors and cables according to Section 260553 "Identification for Electrical Systems."
	B. Identify each spare conductor at each end with identity number and location of other end of conductor, and identify as spare conductor.

	3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

	3.7 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly according to Section 078413 "Penetration Firestopping."

	3.8 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. After installing conductors and cables and before electrical circuitry has been energized, test service entrance and feeder conductors for compliance with requirements.
	2. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.
	3. Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each splice in conductors No. 3 AWG and larger. Remove box and equipment covers so splices are accessible to portable sca...
	a. Instrument: Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.
	b. Record of Infrared Scanning: Prepare a certified report that identifies splices checked and that describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations after remedial action.


	B. Test and Inspection Reports: Prepare a written report to record the following:
	1. Procedures used.
	2. Results that comply with requirements.
	3. Results that do not comply with requirements and corrective action taken to achieve compliance with requirements.

	C. Cables will be considered defective if they do not pass tests and inspections.



	260526 fl - grounding and bonding for electrical systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes grounding and bonding systems and equipment.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.

	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For testing agency and testing agency's field supervisor.
	B. Field quality-control reports.

	1.5 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Member company of NETA or an NRTL.
	1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing.

	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. Comply with UL 467 for grounding and bonding materials and equipment.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 42TBurndy; Part of Hubbell Electrical Systems42T.
	2. 42TERICO International Corporation42T.
	3. 42THarger Lightning & Grounding42T.
	4. 42TILSCO42T.
	5. 42TO-Z/Gedney; an EGS Electrical Group brand; an Emerson Industrial Automation business42T


	2.2 SYSTEM DESCRIPTION
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with UL 467 for grounding and bonding materials and equipment.

	2.3 CONDUCTORS
	A. Insulated Conductors:  Copper wire or cable insulated for 600 V unless otherwise required by applicable Code or authorities having jurisdiction.
	B. Bare Copper Conductors:
	1. Solid Conductors: ASTM B 3.
	2. Stranded Conductors: ASTM B 8.
	3. Tinned Conductors: ASTM B 33.
	4. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.
	5. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 34T1-5/8 inches34T wide and 34T1/16 inch34T thick.
	6. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper ferrules; 34T1-5/8 inches34T wide and 34T1/16 inch34T thick.

	C. Grounding Bus: Predrilled rectangular bars of annealed copper, 34T1/4 by 4 inches34T in cross section, with 34T9/32-inch34T holes spaced 34T1-1/8 inches34T apart. Stand-off insulators for mounting shall comply with UL 891 for use in switchboards, 6...

	2.4 CONNECTORS
	A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in which used and for specific types, sizes, and combinations of conductors and other items connected.
	B. Bolted Connectors for Conductors and Pipes: Copper or copper alloy.
	C. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.
	D. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless compression-type wire terminals, and long-barrel, two-bolt connection to ground bus bar.

	2.5 GROUNDING ELECTRODES
	A. Ground Rods:  Copper-clad steel; 34T5/8 by 96 inches34T.


	PART 3 -  EXECUTION
	3.1 APPLICATIONS
	A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6 AWG and larger unless otherwise indicated.
	B. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, and elsewhere as indicated.
	1. Install bus horizontally, on insulated spacers 34T2 inches34T minimum from wall, 34T6 inches34T above finished floor unless otherwise indicated.
	2. Where indicated on both sides of doorways, route bus up to top of door frame, across top of doorway, and down; connect to horizontal bus.

	C. Conductor Terminations and Connections:
	1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
	2. Connections to Structural Steel: Welded connectors.


	3.2 EQUIPMENT GROUNDING
	A. Install insulated equipment grounding conductors with all feeders and branch circuits.

	3.3 INSTALLATION
	A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise indicated or required by Code. Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
	B. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance except where routed through short lengths of conduit.
	1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate any adjacent parts.
	2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install bonding so vibration is not transmitted to rigidly mounted equipment.
	3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection is required, use a bolted clamp.

	C. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of associated fans, blowers, electric heaters, and air cleaners. Install tinned bonding jumper to bond across flexible duct connections to achieve continuity.

	3.4 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Tests and Inspections:
	1. After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.
	2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, electrical connections with a calibrated torque wrench according to manufacturer's written instructions.
	3. Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal, and at individual ground rods. Make tests at ground rods before any conductors are connected.
	a. Measure ground resistance no fewer than two full days after last trace of precipitation and without soil being moistened by any means other than natural drainage or seepage and without chemical treatment or other artificial means of reducing natura...
	b. Perform tests by fall-of-potential method according to IEEE 81.


	C. Grounding system will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.
	E. Report measured ground resistances that exceed the following values:
	1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less:  10 ohms.
	2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA:  5 ohms.
	3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA:  3 ohms.
	4. Manhole Grounds:  10 ohms.

	F. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.



	260529 fl - hangers and supports for electrical systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Hangers and supports for electrical equipment and systems.
	2. Construction requirements for concrete bases.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for the following:
	a. Hangers.
	b. Steel slotted support systems.
	c. Trapeze hangers.
	d. Clamps.
	e. Turnbuckles.
	f. Sockets.
	g. Eye nuts.
	h. Saddles.
	i. Brackets.

	2. Include rated capacities and furnished specialties and accessories.

	B. Delegated-Design Submittal: For hangers and supports for electrical systems.
	1. Include design calculations and details of trapeze hangers.


	1.4 INFORMATIONAL SUBMITTALS
	A. Welding certificates.

	1.5 QUALITY ASSURANCE
	A. Welding Qualifications: Qualify procedures and personnel according to the following:
	1. AWS D1.1/D1.1M.
	2. AWS D1.2/D1.2M.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 "Quality Requirements," to design hanger and support system.

	2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS
	A. Steel Slotted Support Systems: Comply with MFMA-4 factory-fabricated components for field assembly.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TAllied Tube & Conduit42T.
	b. 42TCooper B-Line, Inc.; a division of Cooper Industries42T.
	c. 42TERICO International Corporation42T.
	d. 42TThomas & Betts Corporation, A Member of the ABB Group42T.
	e. 42TUnistrut; an Atkore International company42T.

	2. Material:  Galvanized steel.
	3. Channel Width:  34T1-5/8 inches34T.
	4. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4.
	5. Channel Dimensions: Selected for applicable load criteria.

	B. Conduit and Cable Support Devices:  Steel and malleable-iron hangers, clamps, and associated fittings, designed for types and sizes of raceway or cable to be supported.
	C. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded body and insulating wedging plug or plugs for nonarmored electrical conductors or cables in riser conduits. Plugs shall have number, size, and shape of c...
	D. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel plates, shapes, and bars; black and galvanized.
	E. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or their supports to building surfaces include the following:
	1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for supported loads and building materials where used.
	a. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1) 42THilti, Inc42T.
	2) 42TITW Ramset/Red Head; Illinois Tool Works, Inc42T.
	3) 42TMKT Fastening, LLC42T.
	4) 42TSimpson Strong-Tie Co., Inc42T.


	2. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel, for use in hardened Portland cement concrete, with tension, shear, and pullout capacities appropriate for supported loads and building materials where used.
	a. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1) 42TCooper B-Line, Inc.; a division of Cooper Industries42T.
	2) 42THilti, Inc42T.
	3) 42TITW Ramset/Red Head; Illinois Tool Works, Inc42T.
	4) 42TMKT Fastening, LLC42T.


	3. Concrete Inserts: Steel or malleable-iron, slotted support system units are similar to MSS Type 18 units and comply with MFMA-4 or MSS SP-58.
	4. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable for attached structural element.
	5. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM A 325.
	6. Toggle Bolts:  All-steel springhead type.
	7. Hanger Rods: Threaded steel.


	2.3 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES
	A. Description: Welded or bolted structural-steel shapes, shop or field fabricated to fit dimensions of supported equipment.


	PART 3 -  EXECUTION
	3.1 APPLICATION
	A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical equipment and systems unless requirements in this Section are stricter.
	B. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways and Boxes for Electrical Systems."
	C. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports for EMTs, IMCs, and RMCs as required by NFPA 70. Minimum rod size shall be 34T1/4 inch34T in diameter.
	D. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted or other support system, sized so capacity can be increased by at least 25 percent in future without exceeding specified design load limits.
	1. Secure raceways and cables to these supports with two-bolt conduit clamps.

	E. Spring-steel clamps designed for supporting single conduits without bolts may be used for 34T1-1/2-inch34T and smaller raceways serving branch circuits and communication systems above suspended ceilings and for fastening raceways to trapeze supports.

	3.2 SUPPORT INSTALLATION
	A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this article.
	B. Raceway Support Methods: In addition to methods described in NECA 1, EMTs, IMCs, and RMCs may be supported by openings through structure members, according to NFPA 70.
	C. Strength of Support Assemblies: Where not indicated, select sizes of components so strength will be adequate to carry present and future static loads within specified loading limits. Minimum static design load used for strength determination shall ...
	D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten electrical items and their supports to building structural elements by the following methods unless otherwise indicated by code:
	1. To Wood: Fasten with lag screws or through bolts.
	2. To New Concrete: Bolt to concrete inserts.
	3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor fasteners on solid masonry units.
	4. To Existing Concrete: Expansion anchor fasteners.
	5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock washers and nuts may be used in existing standard-weight concrete 34T4 inches34T thick or greater. Do not use for anchorage to lightweight-aggregate concrete or ...
	6. To Steel:  Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with MSS SP-69.
	7. To Light Steel: Sheet metal screws.
	8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets, panelboards, disconnect switches, control enclosures, pull and junction boxes, transformers, and other devices on slotted-channel racks attached to substrate.

	E. Drill holes for expansion anchors in concrete at locations and to depths that avoid the need for reinforcing bars.

	3.3 INSTALLATION OF FABRICATED METAL SUPPORTS
	A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor electrical materials and equipment.
	B. Field Welding: Comply with AWS D1.1/D1.1M.

	3.4 PAINTING
	A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately after erecting hangers and supports. Use same materials as used for shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted surfaces.
	1. Apply paint by brush or spray to provide minimum dry film thickness of 34T2.0 mils34T.

	B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.



	260533 fl - raceways and boxes for electrical systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Metal conduits, tubing, and fittings.
	2. Nonmetal conduits, tubing, and fittings.
	3. Metal wireways and auxiliary gutters.
	4. Surface raceways
	5. Boxes, enclosures, and cabinets.


	1.3 DEFINITIONS
	A. GRC: Galvanized rigid steel conduit.
	B. IMC: Intermediate metal conduit.

	1.4 ACTION SUBMITTALS
	A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and cabinets.
	B. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and attachment details.

	1.5 INFORMATIONAL SUBMITTALS
	A. Source quality-control reports.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUITS, TUBING, AND FITTINGS
	A. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 42TAFC Cable Systems, Inc42T.
	2. 42TAllied Tube & Conduit42T.
	3. 42TO-Z/Gedney; an EGS Electrical Group brand; an Emerson Industrial Automation business42T.
	4. 42TSouthwire Company42T.
	5. 42TThomas & Betts Corporation, A Member of the ABB Group42T.
	6. 42TWheatland Tube Company42T.

	B. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. GRC: Comply with ANSI C80.1 and UL 6.
	D. IMC: Comply with ANSI C80.6 and UL 1242.
	E. EMT: Comply with ANSI C80.3 and UL 797.
	F. FMC: Comply with UL 1; zinc-coated steel.
	G. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.
	H. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.
	1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886 and NFPA 70.
	2. Fittings for EMT:
	a. Material:  Steel or die cast.
	b. Type:  Compression.

	3. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for environmental conditions where installed, and including flexible external bonding jumper.

	I. Joint Compound for IMC or GRC: Approved, as defined in NFPA 70, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their conductivity.

	2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS
	A. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 42TAFC Cable Systems, Inc42T.
	2. 42TCANTEX INC42T.
	3. 42TKraloy42T.
	4. 42TRACO; Hubbell42T.
	5. 42TThomas & Betts Corporation, A Member of the ABB Group42T.

	B. Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. RNC:  Type EPC-40-PVC and Type EPC-80 PVC, complying with NEMA TC 2 and UL 651 unless otherwise indicated.
	D. Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and material.

	2.3 METAL WIREWAYS AND AUXILIARY GUTTERS
	A. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 42TCooper B-Line, Inc.; a division of Cooper Industries42T.
	2. 42THoffman; a brand of Pentair Equipment Protection42T.
	3. 42TMonoSystems, Inc42T.
	4. 42TSquare D42T.

	B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 unless otherwise indicated, and sized according to NFPA 70.
	1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings to match and mate with wireways as required for complete system.
	D. Wireway Covers:  Hinged type unless otherwise indicated.
	E. Finish: Manufacturer's standard enamel finish.

	2.4 SURFACE RACEWAYS
	A. Listing and Labeling: Surface raceways shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Surface Metal Raceways: Galvanized steel with snap-on covers complying with UL 5. Manufacturer's standard enamel finish in color selected by Architect.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42THubbell Incorporated; Wiring Device-Kellems42T.
	b. 42TMonoSystems, Inc42T.
	c. Legrand/Wiremold
	d. Panduit



	2.5 BOXES, ENCLOSURES, AND CABINETS
	A. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 42TCooper Technologies Company42T.
	2. 42TEGS/Appleton Electric42T.
	3. 42TErickson Electrical Equipment Company42T.
	4. 42THoffman; a brand of Pentair Equipment Protection42T.
	5. 42THubbell Incorporated42T.
	6. 42TMonoSystems, Inc42T.
	7. 42TO-Z/Gedney; an EGS Electrical Group brand; an Emerson Industrial Automation business42T.
	8. 42TRACO; Hubbell42T.
	9. 42TThomas & Betts Corporation, A Member of the ABB Group42T.
	10. 42TWiremold / Legrand42T.

	B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets installed in wet locations shall be listed for use in wet locations.
	C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.
	D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.
	E. Metal Floor Boxes:
	1. Material:  Cast metal or sheet metal.
	2. Type:  Fully adjustable.
	3. Shape: Rectangular.
	4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	F. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 34T50 lb34T. Outlet boxes designed for attachment of luminaires weighing more than 34T50 lb34T shall be listed and marked for the maximum allowable weight.
	G. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.
	H. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, galvanized, cast iron with gasketed cover.
	I. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	J. Device Box Dimensions:  34T4 inches square by 2-1/8 inches deep34T.
	K. Gangable boxes are allowed.
	L. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 with continuous-hinge cover with flush latch unless otherwise indicated.
	1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.
	2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.

	M. Cabinets:
	1. NEMA 250, Type 1 galvanized-steel box with removable interior panel and removable front, finished inside and out with manufacturer's standard enamel.
	2. Hinged door in front cover with flush latch and concealed hinge.
	3. Key latch to match panelboards.
	4. Metal barriers to separate wiring of different systems and voltage.
	5. Accessory feet where required for freestanding equipment.
	6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.



	PART 3 -  EXECUTION
	3.1 RACEWAY APPLICATION
	A. Indoors: Apply raceway products as specified below unless otherwise indicated:
	1. Exposed, Not Subject to Physical Damage:  EMT.
	2. Exposed, Not Subject to Severe Physical Damage:  EMT.
	3. Exposed and Subject to Severe Physical Damage:  GRC or IMC. Raceway locations include the following:
	a. Loading dock.
	b. Mechanical rooms.

	4. Concealed in Ceilings and Interior Walls and Partitions:  EMT.
	5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet locations.
	6. Damp or Wet Locations:  GRC or IMC.
	7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 stainless steel in damp or wet locations.

	B. Minimum Raceway Size:  34T3/4-inch34T trade size.
	C. Raceway Fittings: Compatible with raceways and suitable for use and location.
	1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless otherwise indicated. Comply with NEMA FB 2.10.
	2. EMT: Use compression, steel or cast-metal fittings. Comply with NEMA FB 2.10.
	3. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with NEMA FB 2.20.

	D. Do not install aluminum conduits, boxes, or fittings.
	E. Install surface raceways only where indicated on Drawings.
	F. Do not install nonmetallic conduit where ambient temperature exceeds 34T120 deg F34T.

	3.2 INSTALLATION
	A. Comply with NECA 1 and NECA 101 for installation requirements except where requirements on Drawings or in this article are stricter. Comply with NFPA 70 limitations for types of raceways allowed in specific occupancies and number of floors.
	B. Keep raceways at least 34T6 inches34T away from parallel runs of flues and steam or hot-water pipes. Install horizontal raceway runs above water and steam piping.
	C. Complete raceway installation before starting conductor installation.
	D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for hangers and supports.
	E. Arrange stub-ups so curved portions of bends are not visible above finished slab.
	F. Install no more than the equivalent of three 90-degree bends in any conduit run except for control wiring conduits, for which fewer bends are allowed. Support within 34T12 inches34T of changes in direction.
	G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. Install conduits parallel or perpendicular to building lines.
	H. Support conduit within 34T12 inches 34Tof enclosures to which attached.
	I. Raceways Embedded in Slabs:
	1. Run conduit larger than 34T1-inch34T trade size, parallel or at right angles to main reinforcement. Where at right angles to reinforcement, place conduit close to slab support. Secure raceways to reinforcement at maximum 34T10-foot34Tintervals.
	2. Arrange raceways to cross building expansion joints at right angles with expansion fittings.
	3. Arrange raceways to keep a minimum of 34T2 inches34T of concrete cover in all directions.
	4. Do not embed threadless fittings in concrete unless specifically approved by Architect for each specific location.
	5. Change from RNC, Type EPC-40-PVC to GRC or IMC before rising above floor.

	J. Stub-ups to Above Recessed Ceilings:
	1. Use EMT, IMC, or RMC for raceways.
	2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or in an enclosure.

	K. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed compound to threads of raceway and fittings before making up joints. Follow compound manufacturer's written instructions.
	L. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets. Install bushings on conduits up to 34T1-1/4-inch34T trade size and insulated throat metal bushings on 34T1-1/2-inch34T trade size and larger...
	M. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install locknuts hand tight plus 1/4 turn more.
	N. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.
	O. Cut conduit perpendicular to the length. For conduits 34T2-inch34T trade size and larger, use roll cutter or a guide to make cut straight and perpendicular to the length.
	P. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not less than 34T200-lb34T tensile strength. Leave at least 34T12 inches34T of slack at each end of pull wire. Cap underground raceways designated as spare ab...
	Q. Surface Raceways:
	1. Install surface raceway with a minimum 34T2-inch 34Tradius control at bend points.
	2. Secure surface raceway with screws or other anchor-type devices at intervals not exceeding 34T48 inches34T and with no less than two supports per straight raceway section. Support surface raceway according to manufacturer's written instructions. Ta...

	R. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that of ...
	S. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or boxes are between the seal and the following changes of environments. Seal the interior of all raceways at the following points:
	1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
	2. Where an underground service raceway enters a building or structure.
	3. Where otherwise required by NFPA 70.

	T. Comply with manufacturer's written instructions for solvent welding RNC and fittings.
	U. Expansion-Joint Fittings:
	1. Install in each run of aboveground RNC that is located where environmental temperature change may exceed 34T30 deg F34T and that has straight-run length that exceeds 34T25 feet34T. Install in each run of aboveground RMC and EMT conduit that is loca...
	2. Install type and quantity of fittings that accommodate temperature change listed for each of the following locations:
	a. Outdoor Locations Not Exposed to Direct Sunlight:  34T125 deg F34T temperature change.
	b. Outdoor Locations Exposed to Direct Sunlight:  34T155 deg F34T temperature change.
	c. Indoor Spaces Connected with Outdoors without Physical Separation:  34T125 deg F34T temperature change.
	d. Attics:  34T135 deg F34T temperature change.

	3. Install fitting(s) that provide expansion and contraction for at least 34T0.00041 inch per foot of length of straight run per deg F34T of temperature change for PVC conduits. Install fitting(s) that provide expansion and contraction for at least 34...
	4. Install expansion fittings at all locations where conduits cross building or structure expansion joints.
	5. Install each expansion-joint fitting with position, mounting, and piston setting selected according to manufacturer's written instructions for conditions at specific location at time of installation. Install conduit supports to allow for expansion ...

	V. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 34T72 inches34T of flexible conduit for recessed and semi recessed luminaires, equipment subject to vibration, noise transmission, or movement; and for transformers and motors.
	1. Use LFMC in damp or wet locations subject to severe physical damage.
	2. Use LFMC in damp or wet locations not subject to severe physical damage.

	W. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually indicated, give priority to ADA requirements. Install boxes with height measured to bottom of box unless otherwise indicated.
	X. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, and install box flush with surface of wall. Prepare block surfaces to provide a flat surface for a raintight connection between box and cover plate or supp...
	Y. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.
	Z. Locate boxes so that cover or plate will not span different building finishes.
	AA. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for the purpose.
	BB. Fasten junction and pull boxes to or support from building structure. Do not support boxes by conduits.
	CC. Set metal floor boxes level and flush with finished floor surface.

	3.3 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

	3.4 FIRESTOPPING
	A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with requirements in Section 078413 "Penetration Firestopping."

	3.5 PROTECTION
	A. Protect coatings, finishes, and cabinets from damage and deterioration.
	1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
	2. Repair damage to PVC coatings or paint finishes with matching touchup coating recommended by manufacturer.




	260544 fl - sleeves and sleeve seals for electrical raceways and cabling
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors.
	2. Sleeve-seal systems.
	3. Sleeve-seal fittings.
	4. Grout.
	5. Silicone sealants.

	B. Related Requirements:
	1. Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-resistance-rated walls, horizontal assemblies, and smoke barriers, with and without penetrating items.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Wall Sleeves:
	1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, plain ends.
	2. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop unless otherwise indicated.

	B. Sleeves for Rectangular Openings:
	1. Material: Galvanized sheet steel.
	2. Minimum Metal Thickness:
	a. For sleeve cross-section rectangle perimeter less than 34T50 inches34T and with no side larger than 34T16 inches34T, thickness shall be 34T0.052 inch34T.
	b. For sleeve cross-section rectangle perimeter 34T50 inches34T or more and one or more sides larger than 34T16 inches34T, thickness shall be 34T0.138 inch34T.



	2.2 SLEEVE-SEAL SYSTEMS
	A. Description: Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TAdvance Products & Systems, Inc42T.
	b. 42TCALPICO, Inc42T.
	c. 42TMetraflex Company (The)42T.
	d. 42TPipeline Seal and Insulator, Inc42T.
	e. 42TProco Products, Inc42T.

	2. Sealing Elements:  EPDM rubber interlocking links shaped to fit surface of pipe. Include type and number required for pipe material and size of pipe.
	3. Pressure Plates:  Plastic.
	4. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, of length required to secure pressure plates to sealing elements.


	2.3 SLEEVE-SEAL FITTINGS
	A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to match piping OD.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42THOLDRITE42T.



	2.4 GROUT
	A. Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated walls or floors.
	B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	C. Design Mix: 34T5000-psi34T, 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.

	2.5 SILICONE SEALANTS
	A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of grade indicated below.
	1. Grade: Pourable (self-leveling) formulation for openings in floors and other horizontal surfaces that are not fire rated.

	B. Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, expand and cure in place to produce a flexible, nonshrinking foam.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
	A. Comply with NECA 1.
	B. Comply with NEMA VE 2 for cable tray and cable penetrations.
	C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit Floors and Walls:
	1. Interior Penetrations of Non-Fire-Rated Walls and Floors:
	a. Seal annular space between sleeve and raceway or cable, using joint sealant appropriate for size, depth, and location of joint. Comply with requirements in Section 079200 "Joint Sealants."
	b. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly between sleeve and wall, so no voids remain. Tool exposed surfaces smooth; protect material while curing.

	2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
	3. Size pipe sleeves to provide 34T1/4-inch34T annular clear space between sleeve and raceway or cable unless sleeve seal is to be installed.
	4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are used. Install sleeves during erection of walls. Cut sleeves to length for mounting flush with both surfaces of walls. Deburr after cutting.
	5. Install sleeves for floor penetrations. Extend sleeves installed in floors 34T2 inches34T above finished floor level. Install sleeves during erection of floors.

	D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:
	1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved opening.
	2. Seal space outside of sleeves with approved joint compound for gypsum board assemblies.

	E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible boot-type flashing units applied in coordination with roofing work.
	F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel or cast-iron pipe sleeves and mechanical sleeve seals. Select sleeve size to allow for 34T1-inch34T annular clear space between pipe and sleeve for installing mechanical sleeve ...
	G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for 34T1-inch34T annular clear space between raceway or cable and sleeve for installing sleeve-seal system.

	3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway entries into building.
	B. Install type and number of sealing elements recommended by manufacturer for raceway or cable material and size. Position raceway or cable in center of sleeve. Assemble mechanical sleeve seals and install in annular space between raceway or cable an...

	3.3 SLEEVE-SEAL-FITTING INSTALLATION
	A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
	B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls. Position waterstop flange to be centered in concrete slab or wall.
	C. Secure nailing flanges to concrete forms.
	D. Using grout, seal the space around outside of sleeve-seal fittings.



	260553 fl - identification for electrical systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Identification for raceways.
	2. Identification of power and control cables.
	3. Identification for conductors.
	4. Warning labels and signs.
	5. Instruction signs.
	6. Equipment identification labels.
	7. Miscellaneous identification products.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for electrical identification products.

	B. Identification Schedule: For each piece of electrical equipment and electrical system components to be an index of nomenclature for electrical equipment and system components used in identification signs and labels. Use same designations indicated ...


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Comply with ASME A13.1 and IEEE C2.
	B. Comply with NFPA 70.
	C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
	D. Comply with ANSI Z535.4 for safety signs and labels.
	E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label printers, shall comply with UL 969.
	F. Thermal Movements: Allow for thermal movements from ambient and surface temperature changes.
	1. Temperature Change:  34T120 deg F34T, ambient; 34T180 deg F34T, material surfaces.


	2.2 COLOR AND LEGEND REQUIREMENTS
	A. Raceways and Cables Carrying Circuits at 600 V or Less:
	1. Black letters on an orange field.
	2. Legend: Indicate voltage and system or service type.

	B. Warning labels and signs shall include, but are not limited to, the following legends:
	1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - EQUIPMENT HAS MULTIPLE POWER SOURCES."
	2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 34T36 INCHES34T."


	2.3 LABELS
	A. Vinyl Labels for Raceways Carrying Circuits at 600 V or Less: Preprinted, flexible labels laminated with a clear, weather- and chemical-resistant coating and matching wraparound clear adhesive tape for securing label ends.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TBrady Corporation42T.
	b. 42TChampion America42T.
	c. 42Temedco42T.
	d. 42TLEM Products Inc42T.
	e. 42TMarking Services, Inc42T.
	f. 42TPanduit Corp42T.


	B. Snap-Around Labels for Raceways and Cables Carrying Circuits at 600 V or Less: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeves, with diameters sized to suit diameters of raceways they identify, and that stay in place by grippi...
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TBrady Corporation42T.
	b. 42TMarking Services, Inc42T.
	c. 42TPanduit Corp42T.
	d. 42TSeton Identification Products42T.


	C. Self-Adhesive Labels:
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TBrady Corporation42T.
	b. 42TBrother International Corporation42T.
	c. 42Temedco42T.
	d. 42TGrafoplast Wire Markers42T.
	e. 42TIdeal Industries, Inc42T.
	f. 42TLEM Products Inc42T.
	g. 42TMarking Services, Inc42T.
	h. 42TPanduit Corp42T.
	i. 42TSeton Identification Products42T.

	2. Preprinted, 34T3-mil-34Tthick, polyester or vinyl flexible label with acrylic pressure-sensitive adhesive.
	a. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating, protective shield over the legend. Labels sized to fit the cable or raceway diameter, such that the clear shield overlaps the entire printed legend.

	3. Polyester or Vinyl, thermal, transfer-printed, 34T3-mil-34Tthick, multicolor, weather- and UV-resistant, pressure-sensitive adhesive labels, configured for display on front cover, door, or other access to equipment unless otherwise indicated.
	a. Nominal Size: 34T3.5-by-5-inch34T.

	4. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag manufacturer.
	5. Marker for Tags: Machine-printed, permanent, waterproof, black ink recommended by printer manufacturer.


	2.4 BANDS AND TUBES:
	A. Snap-Around, Color-Coding Bands for Raceways and Cables: Slit, pretensioned, flexible, solid-colored acrylic sleeves, 34T2 inches34T long, with diameters sized to suit diameters of raceways or cables they identify, and that stay in place by grippin...
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TBrady Corporation42T.
	b. 42TMarking Services, Inc42T.
	c. 42TPanduit Corp42T.


	B. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tubes with machine-printed identification labels, sized to suit diameters of and shrunk to fit firmly around cables they identify. Full shrink recovery occurs at a maximum of 34T200 deg F34T....
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:


	2.6 Tags
	A. Metal Tags: Brass or aluminum, 34T2 by 2 by 0.05 inch34T, with stamped legend, punched for use with self-locking cable tie fastener.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TBrady Corporation42T.
	b. 42TCarlton Industries, LP42T.
	c. 42Temedco42T.
	d. 42TMarking Services, Inc42T.
	e. 42TSeton Identification Products42T.


	B. Nonmetallic Preprinted Tags: Polyethylene tags, 34T0.015 inch34T thick, color-coded for phase and voltage level, with factory printed permanent designations; punched for use with self-locking cable tie fastener.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TBrady Corporation42T.
	b. 42TCarlton Industries, LP42T.
	c. 42Temedco42T.
	d. 42TGrafoplast Wire Markers42T.
	e. 42TLEM Products Inc42T.
	f. 42TMarking Services, Inc42T.
	g. 42TPanduit Corp42T.
	h. 42TSeton Identification Products42T.


	C. Write-On Tags:
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TCarlton Industries, LP42T.
	b. 42TLEM Products Inc42T.
	c. 42TSeton Identification Products42T.

	2. Polyester Tags:  34T0.010 inch34T thick, with corrosion-resistant grommet and cable tie for attachment to raceway, conductor, or cable.
	3. Marker for Tags: Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.


	2.7 Signs
	A. Baked-Enamel Signs:
	1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size required for application.
	2. 34T1/4-inch34T grommets in corners for mounting.
	3. Nominal Size: 34T7 by 10 inches34T.
	4. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TCarlton Industries, LP42T.
	b. 42TChampion America42T.
	c. 42Temedco42T.
	d. 42TMarking Services, Inc42T.


	B. Metal-Backed Butyrate Signs:
	1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs, with 34T0.0396-inch34T galvanized-steel backing and with colors, legend, and size required for application.
	2. 34T1/4-inch34T grommets in corners for mounting.
	3. Nominal Size: 34T10 by 14 inches34T.
	4. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TBrady Corporation42T.
	b. 42TChampion America42T.
	c. 42Temedco42T.
	d. 42TMarking Services, Inc42T.


	C. Laminated Acrylic or Melamine Plastic Signs:
	1. Engraved legend.
	2. Thickness:
	a. For signs up to 34T20 sq. inches34T, minimum 34T1/16-inch-
	b. For signs larger than 34T20 sq. inches34T, 34T1/8 inch34T thick.
	c. Engraved legend with black letters on white face.
	d. Punched or drilled for mechanical fasteners.
	e. Framed with mitered acrylic molding and arranged for attachment at applicable equipment.

	3. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TBrady Corporation42T.
	b. 42TCarlton Industries, LP42T.
	c. 42Temedco42T.
	d. 42TMarking Services, Inc42T.



	2.8 CABLE TIES
	A. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 42TIdeal Industries, Inc42T.
	2. 42TMarking Services, Inc42T.
	3. 42TPanduit Corp42T.

	B. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, Type 6/6 nylon.
	1. Minimum Width: 34T3/16 inch34T.
	2. Tensile Strength at 34T73 deg F34T according to ASTM D 638: 34T12,000 psi34T.
	3. Temperature Range: 34TMinus 40 to plus 185 deg F34T.
	4. Color: Black, except where used for color-coding.

	C. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, self-extinguishing, one piece, self-locking, Type 6/6 nylon.
	1. Minimum Width: 34T3/16 inch34T.
	2. Tensile Strength at 34T73 deg F34T according to ASTM D 638: 34T12,000 psi34T.
	3. Temperature Range: 34TMinus 40 to plus 185 deg F34T.
	4. Color: Black.

	D. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, self-locking.
	1. Minimum Width: 34T3/16 inch34T.
	2. Tensile Strength at 34T73 deg F34T according to ASTM D 638: 34T7000 psi34T.
	3. UL 94 Flame Rating: 94V-0.
	4. Temperature Range: 34TMinus 50 to plus 284 deg F34T.
	5. Color: Black.


	2.9 MISCELLANEOUS IDENTIFICATION PRODUCTS
	A. Paint: Comply with requirements in painting Sections for paint materials and application requirements. Retain paint system applicable for surface material and location (exterior or interior).
	B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine screws with nuts and flat and lock washers.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Self-Adhesive Identification Products: Before applying electrical identification products, clean substrates of substances that could impair bond, using materials and methods recommended by manufacturer of identification product.
	C. Accessible Raceways and Cables within Buildings: Identify the covers of each junction and pull box of the following systems with self-adhesive vinyl labels containing the wiring system legend and system voltage. System legends shall be as follows:
	1. "STANDBY POWER."
	2. "POWER."
	3. "UPS."

	D. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase.
	1. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors listed below for ungrounded service, feeder and branch-circuit conductors.
	a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG if authorities having jurisdiction permit.
	b. Colors for 208/120-V Circuits:
	1) Phase A: Black.
	2) Phase B: Red.
	3) Phase C: Blue.

	c. Colors for 480/277-V Circuits:
	1) Phase A: Brown.
	2) Phase B: Orange.
	3) Phase C: Yellow.

	d. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum distance of 34T6 inches34T from terminal points and in boxes where splices or taps are made. Apply last two turns of tape with no tension to prevent possible unwin...


	E. Power-Circuit Conductor Identification, More Than 600 V: For conductors in vaults, pull and junction boxes, manholes, and handholes, use nonmetallic preprinted tags colored and marked to indicate phase, and a separate tag with the circuit designation.
	F. Install instructional sign, including the color code for grounded and ungrounded conductors using adhesive-film-type labels.
	G. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, manholes, and handholes, use self-adhesive, self-laminating polyester labels with the conductor or cable designation, origin, and destination.
	H. Control-Circuit Conductor Termination Identification: For identification at terminations, provide self-adhesive, self-laminating polyester labels with the conductor designation.
	I. Conductors To Be Extended in the Future: Attach marker tape to conductors and list source.
	J. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and signal connections.
	1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points. Identify by system and circuit designation.
	2. Use system of marker-tape designations that is uniform and consistent with system used by manufacturer for factory-installed connections.
	3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation and maintenance manual.

	K. Workspace Indication: Install floor marking tape to show working clearances in the direction of access to live parts. Workspace shall comply with NFPA 70 and 29 CFR 1926.403 unless otherwise indicated. Do not install at flush-mounted panelboards an...
	L. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Metal-backed, butyrate warning signs.
	1. Comply with 29 CFR 1910.145.
	2. Identify system voltage with black letters on an orange background.
	3. Apply to exterior of door, cover, or other access.
	4. For equipment with multiple power or control sources, apply to door or cover of equipment, including, but not limited to, the following:
	a. Power-transfer switches.
	b. Controls with external control power connections.


	M. Operating Instruction Signs: Install instruction signs to facilitate proper operation and maintenance of electrical systems and items to which they connect. Install instruction signs with approved legend where instructions are needed for system or ...
	N. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red background with minimum 34T3/8-inch-34Thigh letters for emergency instructions at equipment used for power transfer.
	O. Equipment Identification Labels: On each unit of equipment, install unique designation label that is consistent with wiring diagrams, schedules, and operation and maintenance manual. Apply labels to disconnect switches and protection equipment, cen...
	1. Labeling Instructions:
	a. Indoor Equipment:  Engraved, laminated acrylic or melamine plastic label, punched or drilled for mechanical fasteners. Unless otherwise indicated, provide a single line of text with 34T1/2-inch-34Thigh letters on 34T1-1/2-inch-34Thigh label; where ...
	b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label.
	c. Elevated Components: Increase sizes of labels and letters to those appropriate for viewing from the floor.
	d. Unless labels are provided with self-adhesive means of attachment, fasten them with appropriate mechanical fasteners that do not change the NEMA or NRTL rating of the enclosure.

	2. Equipment To Be Labeled:
	a. Panelboards: Typewritten directory of circuits in the location provided by panelboard manufacturer. Panelboard identification shall be in the form of a engraved, laminated acrylic or melamine label.
	b. Enclosures and electrical cabinets.
	c. Access doors and panels for concealed electrical items.
	d. Enclosed switches.
	e. Enclosed circuit breakers.
	f. Enclosed controllers.
	g. Push-button stations.
	h. Contactors.
	i. Remote-controlled switches, dimmer modules, and control devices.
	j. Monitoring and control equipment.





	260923 fl - lighting control devices
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Indoor occupancy sensors.
	2. Switchbox-mounted occupancy sensors.

	B. Related Requirements:
	1. Section 262726 "Wiring Devices" for wall-box dimmers, non-networkable wall-switch occupancy sensors, and manual light switches.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings:
	1. Show installation details for the following:
	a. Occupancy sensors.

	2. Interconnection diagrams showing field-installed wiring.
	3. Include diagrams for power, signal, and control wiring.


	1.4 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.
	B. Sample Warranty: For manufacturer's warranties.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For each type of lighting control device to include in operation and maintenance manuals.

	1.6 WARRANTY
	A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace lighting control devices that fail(s) in materials or workmanship within specified warranty period.
	1. Failures include, but are not limited to, the following:
	a. Faulty operation of lighting control devices.

	2. Warranty Period:  Two year(s) from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 INDOOR OCCUPANCY SENSORS
	A. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 42TBryant Electric42T.
	2. 42TCooper Industries, Inc42T.
	3. 42THubbell Building Automation, Inc42T.
	4. 42TLeviton Manufacturing Co., Inc42T.
	5. 42TLithonia Lighting; Acuity Brands Lighting, Inc42T.
	6. 42TLutron Electronics Co., Inc42T.
	7. 42TNSi Industries LLC42T.
	8. 42TPhilips Lighting Controls42T.
	9. 42TSensor Switch, Inc42T.
	10. 42TSquare D42T.
	11. 42TWatt Stopper42T.

	B. General Requirements for Sensors:
	1. Ceiling-mounted, solid-state indoor occupancy sensors.
	2. Dual technology.
	3. Separate power pack.
	4. Hardwired connection to switch.
	5. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	6. Operation:
	a. Occupancy Sensor: Unless otherwise indicated, turn lights on when coverage area is occupied, and turn them off when unoccupied; with a time delay for turning lights off, adjustable over a minimum range of 1 to 15 minutes.

	7. Sensor Output:  Sensor is powered from the power pack.
	8. Power:  Line voltage.
	9. Power Pack: Dry contacts rated for 20-A ballast  or LED load at 120- and 277-V ac, for 13-A tungsten at 120-V ac, and for 1 hp at 120-V ac. Sensor has 24-V dc, 150-mA, Class 2 power source, as defined by NFPA 70.
	10. Mounting:
	a. Sensor: Suitable for mounting in any position on a standard outlet box.
	b. Relay: Externally mounted through a 34T1/2-inch34T knockout in a standard electrical enclosure.
	c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind hinged door.

	11. Indicator: Digital display, to show when motion is detected during testing and normal operation of sensor.
	12. Bypass Switch: Override the "on" function in case of sensor failure.
	13. Automatic Light-Level Sensor: Adjustable from 34T2 to 200 fc34T; turn lights off when selected lighting level is present.

	C. Dual-Technology Type:  Ceiling mounted; detect occupants in coverage area using PIR and ultrasonic detection methods. The particular technology or combination of technologies that control on-off functions is selectable in the field by operating con...
	1. Sensitivity Adjustment: Separate for each sensing technology.
	2. Detector Sensitivity: Detect occurrences of 34T6-inch-34Tminimum movement of any portion of a human body that presents a target of not less than 34T36 sq. in.34T, and detect a person of average size and weight moving not less than 34T12 inches34T i...
	3. Detection Coverage (Standard Room): Detect occupancy anywhere within a circular area of 34T1000 sq. ft.34T when mounted on a 34T96-inch-34Thigh ceiling.
	4. Detection Coverage (Room, Wall Mounted): Detect occupancy anywhere within a 180-degree pattern centered on the sensor over an area of 34T1000 square feet34T when mounted 34T48 inches34T above finished floor.


	2.2 SWITCHBOX-MOUNTED OCCUPANCY SENSORS
	A. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 42TBryant Electric42T.
	2. 42TCooper Industries, Inc42T.
	3. 42THubbell Building Automation, Inc42T.
	4. 42TLeviton Manufacturing Co., Inc42T.
	5. 42TLithonia Lighting; Acuity Brands Lighting, Inc42T.
	6. 42TLutron Electronics Co., Inc42T.
	7. 42TNSi Industries LLC42T.
	8. 42TPhilips Lighting Controls42T.
	9. 42TSensor Switch, Inc42T.
	10. 42TSquare D42T.
	11. 42TWatt Stopper42T.

	B. General Requirements for Sensors: Automatic-wall-switch occupancy sensor with manual on-off switch, suitable for mounting in a single gang switchbox using hardwired connection.
	1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Occupancy Sensor Operation: Unless otherwise indicated, turn lights on when coverage area is occupied, and turn lights off when unoccupied; with a time delay for turning lights off, adjustable over a minimum range of 1 to 15 minutes.
	3. Operating Ambient Conditions: Dry interior conditions, 34T32 to 120 deg F34T.
	4. Switch Rating: Not less than 800-VA ballast or LED load at 120 V, 1200-VA ballast  or LED load at 277 V, and 800-W incandescent.

	C. Wall-Switch Sensor Tag WS1:
	1. Standard Range: 180-degree field of view, field adjustable from 180 to 40 degrees; with a minimum coverage area of 34T900 sq. ft.
	2. Sensing Technology:  Dual technology - PIR and ultrasonic.
	3. Switch Type:  SP.
	4. Capable of controlling load in three-way application.
	5. Voltage:  Match the circuit voltage.
	6. Ambient-Light Override: Concealed, field-adjustable, light-level sensor from 34T10 to 150 fc34T. The switch prevents the lights from turning on when the light level is higher than the set point of the sensor.
	7. Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes.
	8. Adaptive Technology: Self-adjusting circuitry detects and memorizes usage patterns of the space and helps eliminate false "off" switching.
	9. Color:  White.
	10. Faceplate: Color matched to switch.


	2.3 CONDUCTORS AND CABLES
	A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12 AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	B. Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than No. 18 AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	C. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than No. 14 AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables."


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine lighting control devices before installation. Reject lighting control devices that are wet, moisture damaged, or mold damaged.
	B. Examine walls and ceilings for suitable conditions where lighting control devices will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 SENSOR INSTALLATION
	A. Comply with NECA 1.
	B. Coordinate layout and installation of ceiling-mounted devices with other construction that penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, smoke detectors, fire-suppression systems, and partition assemblies.
	C. Install and aim sensors in locations to achieve not less than 90-percent coverage of areas indicated. Do not exceed coverage limits specified in manufacturer's written instructions.

	3.3 WIRING INSTALLATION
	A. Comply with NECA 1.
	B. Wiring Method: Comply with Section 260519 "Low-Voltage Electrical Power Conductors and Cables." Minimum conduit size is 34T1/2 inch34T.
	C. Wiring within Enclosures: Comply with NECA 1. Separate power-limited and nonpower-limited conductors according to conductor manufacturer's written instructions.
	D. Size conductors according to lighting control device manufacturer's written instructions unless otherwise indicated.
	E. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures.

	3.4 IDENTIFICATION
	A. Identify components and power and control wiring according to Section 260553 "Identification for Electrical Systems."
	1. Identify circuits or luminaires controlled by occupancy sensors at each sensor.


	3.5 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	B. Perform the following tests and inspections:
	1. Operational Test: After installing time switches and sensors, and after electrical circuitry has been energized, start units to confirm proper unit operation.
	2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.

	C. Lighting control devices will be considered defective if they do not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.6 ADJUSTING
	A. Occupancy Adjustments: When requested within 12 months from date of Substantial Completion, provide on-site assistance in adjusting lighting control devices to suit actual occupied conditions. Provide up to two visits to Project during other-than-n...
	1. For occupancy and motion sensors, verify operation at outer limits of detector range. Set time delay to suit Owner's operations.


	3.7 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain lighting control devices.



	262416 FL - Panelboards
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Lighting and appliance branch-circuit panelboards.


	1.3 DEFINITIONS
	A. ATS: Acceptance testing specification.
	B. GFCI: Ground-fault circuit interrupter.
	C. MCCB: Molded-case circuit breaker.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of panelboard.
	1. Include materials, switching and overcurrent protective devices, accessories, and components indicated.
	2. Include dimensions and manufacturers' technical data on features, performance, electrical characteristics, ratings, and finishes.

	B. Shop Drawings: For each panelboard and related equipment.
	1. Include dimensioned plans, elevations, sections, and details.
	2. Show tabulations of installed devices with nameplates, conductor termination sizes, equipment features, and ratings.
	3. Detail enclosure types including mounting and anchorage, environmental protection, knockouts, corner treatments, covers and doors, gaskets, hinges, and locks.
	4. Detail bus configuration, current, and voltage ratings.
	5. Short-circuit current rating of panelboards and overcurrent protective devices.
	6. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.
	7. Include wiring diagrams for power, signal, and control wiring.
	8. Include time-current coordination curves for each type and rating of overcurrent protective device included in panelboards. Submit on translucent log-log graft paper; include selectable ranges for each type of overcurrent protective device. Include...


	1.5 INFORMATIONAL SUBMITTALS
	A. Panelboard Schedules: For installation in panelboards. Submit final versions after load balancing.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For panelboards and components to include in emergency, operation, and maintenance manuals. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:
	1. Manufacturer's written instructions for testing and adjusting overcurrent protective devices.
	2. Time-current curves, including selectable ranges for each type of overcurrent protective device that allows adjustments.


	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Keys:  Two spares for each type of panelboard cabinet lock.
	2. Circuit Breakers Including GFCI and GFEP Types:  Two spares for each panelboard.
	3. Fuses for Fused Switches: Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.


	1.8 QUALITY ASSURANCE
	A. Manufacturer Qualifications: ISO 9001 or ISO 9002 certified.

	1.9 DELIVERY, STORAGE, AND HANDLING
	A. Remove loose packing and flammable materials from inside panelboards; install temporary electric heating (250 W per panelboard) to prevent condensation.
	B. Handle and prepare panelboards for installation according to NEMA PB 1.

	1.10 FIELD CONDITIONS
	A. Environmental Limitations:
	1. Rate equipment for continuous operation under the following conditions unless otherwise indicated:
	a. Ambient Temperature: Not exceeding 34T23 deg F34T to 34Tplus 104 deg F34T.
	b. Altitude: Not exceeding 34T6600 feet34T.


	B. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electric service according to ...
	1. Notify Owner no fewer than seven days in advance of proposed interruption of electric service.
	2. Do not proceed with interruption of electric service without Owner's written permission.
	3. Comply with NFPA 70E.


	1.11 WARRANTY
	A. Manufacturer's Warranty: Manufacturer agrees to repair or replace panelboards that fail in materials or workmanship within specified warranty period.
	1. Panelboard Warranty Period:  18 months from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 PANELBOARDS COMMON REQUIREMENTS
	A. Product Selection for Restricted Space: Drawings indicate maximum dimensions for panelboards including clearances between panelboards and adjacent surfaces and other items. Comply with indicated maximum dimensions.
	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. Comply with NEMA PB 1.
	D. Comply with NFPA 70.
	E. Enclosures:  Flush and Surface-mounted, dead-front cabinets.
	1. Rated for environmental conditions at installed location.
	a. Indoor Dry and Clean Locations: NEMA 250, Type 1.
	b. Outdoor Locations: NEMA 250, Type 3R.
	c. Other Wet or Damp Indoor Locations: NEMA 250, Type 4.

	2. Height: 34T84 inches34T maximum.
	3. Hinged Front Cover: Entire front trim hinged to box and with standard door within hinged trim cover. Trims shall cover all live parts and shall have no exposed hardware.
	4. Finishes:
	a. Panels and Trim:  Steel, factory finished immediately after cleaning and pretreating with manufacturer's standard two-coat, baked-on finish consisting of prime coat and thermosetting topcoat.
	b. Back Boxes:  Galvanized steel.


	F. Incoming Mains:
	1. Location:  Convertible between top and bottom.
	2. Main Breaker: Main lug interiors up to 400 amperes shall be field convertible to main breaker.

	G. Phase, Neutral, and Ground Buses:
	1. Material:  Hard-drawn copper, 98 percent conductivity.
	a. Plating shall run entire length of bus.
	b. Bus shall be fully rated the entire length.

	2. Interiors shall be factory assembled into a unit. Replacing switching and protective devices shall not disturb adjacent units or require removing the main bus connectors.
	3. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment grounding conductors; bonded to box.
	4. Full-Sized Neutral: Equipped with full-capacity bonding strap for service entrance applications. Mount electrically isolated from enclosure. Do not mount neutral bus in gutter.

	H. Conductor Connectors: Suitable for use with conductor material and sizes.
	1. Material:  Hard-drawn copper, 98 percent conductivity.
	2. Terminations shall allow use of 75 deg C rated conductors without derating.
	3. Size: Lugs suitable for indicated conductor sizes, with additional gutter space, if required, for larger conductors.
	4. Main and Neutral Lugs:  Mechanical type, with a lug on the neutral bar for each pole in the panelboard.
	5. Ground Lugs and Bus-Configured Terminators:  Mechanical type, with a lug on the bar for each pole in the panelboard.
	6. Feed-Through Lugs:  Mechanical type, suitable for use with conductor material. Locate at opposite end of bus from incoming lugs or main device.
	7. Subfeed (Double) Lugs:  Mechanical type suitable for use with conductor material. Locate at same end of bus as incoming lugs or main device.

	I. Future Devices: Panelboards shall have mounting brackets, bus connections, filler plates, and necessary appurtenances required for future installation of devices.
	1. Percentage of Future Space Capacity:  20 percent.

	J. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit current available at terminals. Assembly listed by an NRTL for 100 percent interrupting capacity.
	1. Panelboards and overcurrent protective devices rated 240 V or less shall have short-circuit ratings as shown on Drawings, but not less than 10,000 A rms symmetrical.
	2. Panelboards and overcurrent protective devices rated above 240 V and less than 600 V shall have short-circuit ratings as shown on Drawings, but not less than 14,000 A rms symmetrical.


	2.2 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS
	A. 42TManufacturers:42T Subject to compliance with requirements, provide products by one of the following:
	1. 42TEaton42T.
	2. 42TGeneral Electric Company; GE Energy Management - Electrical Distribution42T.
	3. 42TSiemens Industry, Inc., Energy Management Division42T.
	4. 42TSquare D; by Schneider Electric42T.

	B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.
	C. Mains:  Circuit breaker or lugs only.
	D. Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without disturbing adjacent units.
	E. Doors: Door-in-door construction with concealed hinges; secured with multipoint latch with tumbler lock; keyed alike. Outer door shall permit full access to the panel interior. Inner door shall permit access to breaker operating handles and labelin...

	2.3 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
	A. 42TManufacturers:42T Subject to compliance with requirements, provide products by one of the following:
	1. 42TEaton42T.
	2. 42TGeneral Electric Company; GE Energy Management - Electrical Distribution42T.
	3. 42TSiemens Industry, Inc., Energy Management Division42T.
	4. 42TSquare D; by Schneider Electric42T.

	B. MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents.
	1. Thermal-Magnetic Circuit Breakers:
	a. Inverse time-current element for low-level overloads.
	b. Instantaneous magnetic trip element for short circuits.
	c. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.

	2. Arc-Fault Circuit Interrupter Circuit Breakers: Comply with UL 1699; 120/240-V, single-pole configuration.
	3. Subfeed Circuit Breakers: Vertically mounted.
	4. MCCB Features and Accessories:
	a. Standard frame sizes, trip ratings, and number of poles.
	b. Breaker handle indicates tripped status.
	c. UL listed for reverse connection without restrictive line or load ratings.
	d. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor materials.
	e. Application Listing: Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and HID lighting circuits.
	f. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.
	g. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at 75 percent of rated voltage.
	h. Rating Plugs: Three-pole breakers with ampere ratings greater than 150 amperes shall have interchangeable rating plugs or electronic adjustable trip units.
	i. Multipole units enclosed in a single housing with a single handle.
	j. Handle Padlocking Device: Fixed attachment, for locking circuit-breaker handle in on or off position.
	k. Handle Clamp: Loose attachment, for holding circuit-breaker handle in on position.


	C. Fused Switch: NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle.
	1. Fuses and Spare-Fuse Cabinet: Comply with requirements specified in Section 262813 "Fuses."
	2. Fused Switch Features and Accessories:
	a. Standard ampere ratings and number of poles.
	b. Mechanical cover interlock with a manual interlock override, to prevent the opening of the cover when the switch is in the on position. The interlock shall prevent the switch from being turned on with the cover open. The operating handle shall have...
	c. Auxiliary Contacts:  Two normally open and normally closed contact(s) that operate with switch handle operation.



	2.4 IDENTIFICATION
	A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number of phases, and number of poles shall be located on the interior of the panelboard door.
	B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and AIC rating.
	C. Circuit Directory: Directory card inside panelboard door, mounted in metal frame with transparent protective cover.
	1. Circuit directory shall identify specific purpose with detail sufficient to distinguish it from all other circuits.


	2.5 ACCESSORY COMPONENTS AND FEATURES
	A. Accessory Set: Include tools and miscellaneous items required for overcurrent protective device test, inspection, maintenance, and operation.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Verify actual conditions with field measurements prior to ordering panelboards to verify that equipment fits in allocated space in, and comply with, minimum required clearances specified in NFPA 70.
	B. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1.
	C. Examine panelboards before installation. Reject panelboards that are damaged, rusted, or have been subjected to water saturation.
	D. Examine elements and surfaces to receive panelboards for compliance with installation tolerances and other conditions affecting performance of the Work.
	E. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Coordinate layout and installation of panelboards and components with other construction that penetrates walls or is supported by them, including electrical and other types of equipment, raceways, piping, encumbrances to workspace clearance require...
	B. Comply with NECA 1.
	C. Install panelboards and accessories according to NEMA PB 1.1.
	D. Equipment Mounting:
	1. Attach panelboard to the vertical finished or structural surface behind the panelboard.

	E. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from panelboards.
	F. Mount top of trim 34T90 inches34T above finished floor unless otherwise indicated.
	G. Mount panelboard cabinet plumb and rigid without distortion of box.
	H. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back box.
	I. Mount surface-mounted panelboards to steel slotted supports 34T1-1/4 inch34T in depth. Orient steel slotted supports vertically.
	J. Install overcurrent protective devices and controllers not already factory installed.
	1. Set field-adjustable, circuit-breaker trip ranges.
	2. Tighten bolted connections and circuit breaker connections using calibrated torque wrench or torque screwdriver per manufacturer's written instructions.

	K. Make grounding connections and bond neutral for services and separately derived systems to ground. Make connections to grounding electrodes, separate grounds for isolated ground bars, and connections to separate ground bars.
	L. Install filler plates in unused spaces.
	M. Stub four 34T1-inch34T empty conduits from panelboard into accessible ceiling space or space designated to be ceiling space in the future. Stub four 34T1-inch34T empty conduits into raised floor space or below slab not on grade.
	N. Arrange conductors in gutters into groups and bundle and wrap with wire ties after completing load balancing.

	3.3 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; install warning signs complying with requirements in Section 260553 "Identification for Electrical Systems."
	B. Create a directory to indicate installed circuit loads after balancing panelboard loads; incorporate Owner's final room designations. Obtain approval before installing. Handwritten directories are not acceptable. Install directory inside panelboard...
	C. Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	D. Device Nameplates: Label each branch circuit device in power panelboards with a nameplate complying with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	E. Install warning signs complying with requirements in Section 260553 "Identification for Electrical Systems" identifying source of remote circuit.

	3.4 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Acceptance Testing Preparation:
	1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test for low-voltage air circuit breakers stated in NETA ATS, Paragraph 7.6 Circuit Breakers. Perform optional tests. Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.
	3. Perform the following infrared scan tests and inspections and prepare reports:
	a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each panelboard. Remove front panels so joints and connections are accessible to portable scanner.
	b. Instruments and Equipment:
	1) Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.



	D. Panelboards will be considered defective if they do not pass tests and inspections.
	E. Prepare test and inspection reports, including a certified report that identifies panelboards included and that describes scanning results, with comparisons of the two scans. Include notation of deficiencies detected, remedial action taken, and obs...

	3.5 ADJUSTING
	A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.
	B. Set field-adjustable circuit-breaker trip ranges.
	C. Load Balancing: After Substantial Completion, but not more than 60 days after Final Acceptance, measure load balancing and make circuit changes. Prior to making circuit changes to achieve load balancing, inform Architect of effect on phase color co...
	1. Measure loads during period of normal facility operations.
	2. Perform circuit changes to achieve load balancing outside normal facility operation schedule or at times directed by the Architect. Avoid disrupting services such as fax machines and on-line data processing, computing, transmitting, and receiving e...
	3. After changing circuits to achieve load balancing, recheck loads during normal facility operations. Record load readings before and after changing circuits to achieve load balancing.
	4. Tolerance: Maximum difference between phase loads, within a panelboard, shall not exceed 20 percent.




	262726 fl - wiring devices
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Receptacles, receptacles with integral GFCI, and associated device plates.


	1.3 DEFINITIONS
	A. GFCI: Ground-fault circuit interrupter.
	B. Pigtail: Short lead used to connect a device to a branch-circuit conductor.
	C. UTP: Unshielded twisted pair.

	1.4 ADMINISTRATIVE REQUIREMENTS
	A. Coordination:
	1. Receptacles for Owner-Furnished Equipment: Match plug configurations.
	2. Cord and Plug Sets: Match equipment requirements.


	1.5 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: List of legends and description of materials and process used for premarking wall plates.

	1.6 INFORMATIONAL SUBMITTALS
	1.7 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-label warnings and instruction manuals that include labeling conditions.

	1.8 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Floor Service-Outlet Assemblies:  One for every 10, but no fewer than one.
	2. Poke-Through, Fire-Rated Closure Plugs:  One for every five floor service outlets installed, but no fewer than two.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 42TCooper Wiring Devices, Inc.; Division of Cooper Industries, Inc42T.
	2. 42THubbell Incorporated; Wiring Device-Kellems42T.
	3. 42TLeviton Manufacturing Co., Inc42T.
	4. 42TPass & Seymour/Legrand (Pass & Seymour)42T.

	B. Source Limitations: Obtain each type of wiring device and associated wall plate from single source from single manufacturer.

	2.2 GENERAL WIRING-DEVICE REQUIREMENTS
	A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NFPA 70.

	2.3 CORD AND PLUG SETS
	A. Description:
	1. Match voltage and current ratings and number of conductors to requirements of equipment being connected.
	2. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with green-insulated grounding conductor and ampacity of at least 130 percent of the equipment rating.
	3. Plug: Nylon body and integral cable-clamping jaws. Match cord and receptacle type for connection.


	2.4 DECORATOR-STYLE DEVICES
	A. Convenience Receptacles: Square face, 125 V, 20 A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, and UL 498.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TCooper Wiring Devices, Inc.; Division of Cooper Industries, Inc42T.
	b. 42THubbell Incorporated; Wiring Device-Kellems42T.
	c. 42TLeviton Manufacturing Co., Inc42T.
	d. 42TPass & Seymour/Legrand (Pass & Seymour)42T.


	B. GFCI, Feed-Through Type, Convenience Receptacles: Square face, 125 V, 20 A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and UL 943 Class A.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TCooper Wiring Devices, Inc.; Division of Cooper Industries, Inc42T.
	b. 42THubbell Incorporated; Wiring Device-Kellems42T.
	c. 42TLeviton Manufacturing Co., Inc42T.
	d. 42TPass & Seymour/Legrand (Pass & Seymour)42T.


	C. GFCI, Weather-Resistant Convenience Receptacles: Square face, 125 V, 20 A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and UL 943 Class A.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TCooper Wiring Devices, Inc.; Division of Cooper Industries, Inc42T.
	b. 42THubbell Incorporated; Wiring Device-Kellems42T.
	c. 42TPass & Seymour/Legrand (Pass & Seymour)42T.


	D. Toggle Switches, Square Face, 120/277 V, 20 A: Comply with NEMA WD 1, UL 20, and FS W-S-896.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TCooper Wiring Devices, Inc.; Division of Cooper Industries, Inc42T.
	b. 42THubbell Incorporated; Wiring Device-Kellems42T.
	c. 42TLeviton Manufacturing Co., Inc42T.
	d. 42TPass & Seymour/Legrand (Pass & Seymour)42T.


	E. Lighted Toggle Switches, Square Face, 120 V, 20 A: Comply with NEMA WD 1 and UL 20.
	1. 42TManufacturers:42T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. 42TCooper Wiring Devices, Inc.; Division of Cooper Industries, Inc42T.
	b. 42THubbell Incorporated; Wiring Device-Kellems42T.
	c. 42TLeviton Manufacturing Co., Inc42T.
	d. 42TPass & Seymour/Legrand (Pass & Seymour)42T.

	2. Description: With neon-lighted handle, illuminated when switch is "off."

	F. All branch circuits rated at 15 amperes shall only have receptacles rated at 15 amperes connected to it.

	2.5 WALL PLATES
	A. Single and combination types shall match corresponding wiring devices.
	1. Plate-Securing Screws: Metal with head color to match plate finish.
	2. Material for Finished Spaces including garage, work and storage areas:  0.035” satin-finished stainless steel.
	3. Material for Unfinished Spaces such as mechanical room, electrical room, janitor closets:  Galvanized steel.
	4. Material for Damp Locations:  Thermoplastic with spring-loaded lift cover, and listed and labeled for use in wet and damp locations.

	B. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-resistant, die-cast aluminum box with lockable cover.

	2.6 FINISHES
	A. Device Color: Wiring device catalog numbers in Section Text do not designate device color.
	1. Wiring Devices Connected to Normal Power System:  White, unless otherwise indicated by architect or required by NFPA 70 or device listing.

	B. Wall Plate Color: For plastic covers, match device color.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise indicated.
	B. Coordination with Other Trades:
	1. Protect installed devices and their boxes. Do not place wall finish materials over device boxes and do not cut holes for boxes with routers that are guided by riding against outside of boxes.
	2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, paint, and other material that may contaminate the raceway system, conductors, and cables.
	3. Install device boxes in brick or block walls so that the cover plate does not cross a joint unless the joint is troweled flush with the face of the wall.
	4. Install wiring devices after all wall preparation, including painting, is complete.

	C. Conductors:
	1. Do not strip insulation from conductors until right before they are spliced or terminated on devices.
	2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid scoring or nicking of solid wire or cutting strands from stranded wire.
	3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, Article 300, without pigtails.
	4. Existing Conductors:
	a. Cut back and pigtail, or replace all damaged conductors.
	b. Straighten conductors that remain and remove corrosion and foreign matter.
	c. Pigtailing existing conductors is permitted, provided the outlet box is large enough.


	D. Device Installation:
	1. Replace devices that have been in temporary use during construction and that were installed before building finishing operations were complete.
	2. Keep each wiring device in its package or otherwise protected until it is time to connect conductors.
	3. Do not remove surface protection, such as plastic film and smudge covers, until the last possible moment.
	4. Connect devices to branch circuits using pigtails that are not less than 34T6 inches34T in length.
	5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw.
	6. Use a torque screwdriver when a torque is recommended or required by manufacturer.
	7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice No. 12 AWG pigtails for device connections.
	8. Tighten unused terminal screws on the device.
	9. When mounting into metal boxes, remove the fiber or plastic washers used to hold device-mounting screws in yokes, allowing metal-to-metal contact.

	E. Receptacle Orientation:
	1. Install ground pin of vertically mounted receptacles down, and on horizontally mounted receptacles to the right.

	F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.
	G. Dimmers:
	1. Install dimmers within terms of their listing.
	2. Verify that dimmers used for fan speed control are listed for that application.
	3. Install unshared neutral conductors on line and load side of dimmers according to manufacturers' device listing conditions in the written instructions.

	H. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical and with grounding terminal of receptacles on top. Group adjacent switches under single, multigang wall plates.
	I. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and furnishings.

	3.2 GFCI RECEPTACLES
	A. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is not required.

	3.3 IDENTIFICATION
	A. Comply with Section 260553 "Identification for Electrical Systems."

	3.4 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. Test Instruments: Use instruments that comply with UL 1436.
	2. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout or illuminated digital-display indicators of measurement.

	B. Tests for Convenience Receptacles:
	1. Line Voltage: Acceptable range is 105 to 132 V.
	2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable.
	3. Ground Impedance: Values of up to 2 ohms are acceptable.
	4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943.
	5. Using the test plug, verify that the device and its outlet box are securely mounted.
	6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit breaker, poor connections, inadequate fault current path, defective devices, or similar problems. Correct circuit conditions, remove malfunctioning units and r...

	C. Wiring device will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.



	262813 fl - fuses
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Cartridge fuses rated 600 V ac and less for use in the following:
	a. Control circuits.
	c. Enclosed controllers.
	d. Enclosed switches.


	B. Spare-fuse cabinets.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for spare-fuse cabinets. Include the following for each fuse type indicated:
	1. Dimensions and manufacturer's technical data on features, performance, electrical characteristics, and ratings.
	2. Coordination charts and tables and related data.


	1.4 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For fuses to include in emergency, operation, and maintenance manuals. In addition to items specified in Section 017700 "Closeout Procedures," include the following:
	1. Ambient temperature adjustment information.
	2. Current-limitation curves for fuses with current-limiting characteristics.
	3. Coordination charts and tables and related data.


	1.5 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.


	1.6 FIELD CONDITIONS
	A. Where ambient temperature to which fuses are directly exposed is less than 34T40 deg for34T more than 34T100 deg F34T apply manufacturer's ambient temperature adjustment factors to fuse ratings.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. 32TManufacturers:32T Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 42TCooper Bussmann; a division of Cooper Industries42T.
	2. 42TEdison; a brand of Cooper Bussmann; a division of Cooper Industries42T.
	3. 42TLittelfuse, Inc42T.
	4. 42TMersen USA42T.

	B. Source Limitations: Obtain fuses, for use within a specific product or circuit, from single source from single manufacturer.

	2.2 CARTRIDGE FUSES
	A. Characteristics: NEMA FU 1, current-limiting, nonrenewable cartridge fuses with voltage ratings consistent with circuit voltages.
	1. Type RK-1:  600-V, zero- to 600-A rating, 200 kAIC, time delay.
	2. Type CC: 600-V, zero- to 30-A rating, 200 kAIC, fast acting.
	3. Type J: 600-V, zero- to 600-A rating, 200 kAIC.
	4. Type L: 600-V, 601- to 6000-A rating, 200 kAIC, time delay.

	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. Comply with NEMA FU 1 for cartridge fuses.
	D. Comply with NFPA 70.
	E. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size and with system short-circuit current levels.

	2.3 SPARE-FUSE CABINET
	A. Characteristics: Wall-mounted steel unit with full-length, recessed piano-hinged door and key-coded cam lock and pull.
	1. Size: Adequate for storage of spare fuses specified with 15 percent spare capacity minimum.
	2. Finish: Gray, baked enamel.
	3. Identification: "SPARE FUSES" in 34T1-1/2-inch-34Thigh letters on exterior of door.
	4. Fuse Pullers: For each size of fuse, where applicable and available, from fuse manufacturer.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine fuses before installation. Reject fuses that are moisture damaged or physically damaged.
	B. Examine holders to receive fuses for compliance with installation tolerances and other conditions affecting performance, such as rejection features.
	C. Examine utilization equipment nameplates and installation instructions. Install fuses of sizes and with characteristics appropriate for each piece of equipment.
	D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to fuse ratings.
	E. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 FUSE APPLICATIONS
	A. Cartridge Fuses:
	1. Service Entrance:  Class L, time delay.
	2. Feeders:  Class RK1, time delay.
	3. Motor Branch Circuits:  Class RK1, time delay.
	4. Power Electronics Circuits:  Class J, high speed.
	5. Other Branch Circuits:  Class J, fast acting.
	6. Control Transformer Circuits: Class CC, time delay, control transformer duty.
	7. Provide open-fuse indicator fuses or fuse covers with open fuse indication.


	3.3 INSTALLATION
	A. Install fuses in fusible devices. Arrange fuses so rating information is readable without removing fuse.
	B. Install spare-fuse cabinet(s) in location shown on the Drawings or as indicated in the field by Owner.

	3.4 IDENTIFICATION
	A. Install labels complying with requirements for identification specified in Section 260553 "Identification for Electrical Systems" and indicating fuse replacement information inside of door of each fused switch and adjacent to each fuse block, socke...



	262816 fl - enclosed switches and circuit breakers
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Fusible switches.
	2. Nonfusible switches.
	3. Enclosures.


	1.3 DEFINITIONS
	A. NC: Normally closed.
	B. NO: Normally open.
	C. SPDT: Single pole, double throw.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical data on features, performance, electrical characteristics, ratings,...
	1. Enclosure types and details for types other than NEMA 250, Type 1.
	2. Current and voltage ratings.
	3. Short-circuit current ratings (interrupting and withstand, as appropriate).
	4. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices, accessories, and auxiliary components.

	B. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations, sections, details, and attachments to other work.
	1. Wiring Diagrams: For power, signal, and control wiring.


	1.5 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.
	1. Test procedures used.
	2. Test results that comply with requirements.
	3. Results of failed tests and corrective action taken to achieve test results that comply with requirements.


	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in emergency, operation, and maintenance manuals. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:
	1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit breakers.


	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
	2. Fuse Pullers:  Two for each size and type.


	1.8 QUALITY ASSURANCE
	A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective devices, components, and accessories, within same product category, from single source from single manufacturer.
	B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed switches and circuit breakers, including clearances between enclosures, and adjacent surfaces and other items. Comply with indicated maximum dimensions.
	C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	D. Comply with NFPA 70.

	1.9 PROJECT CONDITIONS
	A. Environmental Limitations: Rate equipment for continuous operation under the following conditions unless otherwise indicated:
	1. Ambient Temperature: Not less than 34Tminus 22 deg F34T and not exceeding 34T104 deg F34T.
	2. Altitude: Not exceeding 34T6600 feet34T.


	1.10 COORDINATION
	A. Coordinate layout and installation of switches, circuit breakers, and components with equipment served and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.


	PART 2 -  PRODUCTS
	2.1 FUSIBLE SWITCHES
	A. 42TManufacturers:42T Subject to compliance with requirements, provide products by one of the following:
	1. 42TEaton Electrical Sector; Eaton Corporation42T.
	2. 42TGeneral Electric Company42T.
	3. 42TSiemens Industry, Inc42T.
	4. 42TSquare D; by Schneider Electric42T.

	B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle with capability to accept three padlocks, and interlocked with cover in ...
	C. Accessories:
	1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors.
	2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	3. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified.
	4. Auxiliary Contact Kit:  Two NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades open.
	5. Lugs:  Mechanical type, suitable for number, size, and conductor material.
	6. Service-Rated Switches: Labeled for use as service equipment.
	7. Accessory Control Power Voltage: Remote mounted and powered; 120-V ac.


	2.2 NONFUSIBLE SWITCHES
	A. 42TManufacturers:42T Subject to compliance with requirements, provide products by one of the following:
	1. 42TEaton Electrical Sector; Eaton Corporation42T.
	2. 42TGeneral Electric Company42T.
	3. 42TSiemens Industry, Inc42T.
	4. 42TSquare D; by Schneider Electric42T.

	B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	C. Accessories:
	1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors.
	2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	3. Auxiliary Contact Kit:  Two NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades open.
	4. Lugs:  Mechanical type, suitable for number, size, and conductor material.
	5. Accessory Control Power Voltage: Remote mounted and powered; 120-V ac.


	2.3 ENCLOSURES
	A. Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to comply with environmental conditions at installed location.
	1. Indoor, Dry and Clean Locations: NEMA 250, Type 1.
	2. Outdoor Locations: NEMA 250, Type 4.
	3. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance with installation tolerances and other conditions affecting performance of the Work.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise indicated.
	B. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.
	C. Install fuses in fusible devices.
	D. Comply with NECA 1.

	3.3 IDENTIFICATION
	A. Comply with requirements in Section 260553 "Identification for Electrical Systems."
	1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs.
	2. Label each enclosure with engraved metal or laminated-plastic nameplate.


	3.4 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	1. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.

	B. Acceptance Testing Preparation:
	1. Test insulation resistance for each enclosed switch and circuit breaker, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.
	3. Perform the following infrared scan tests and inspections and prepare reports:
	a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each enclosed switch and circuit breaker. Remove front panels so joints and connections are accessible to portabl...
	b. Instruments and Equipment: Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.

	4. Test and adjust controls, remote monitoring, and safeties. Replace damaged and malfunctioning controls and equipment.

	D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and inspections.
	E. Prepare test and inspection reports, including a certified report that identifies enclosed switches and circuit breakers and that describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations after r...

	3.5 ADJUSTING
	A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.



	265119 fl - led interior lighting
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Interior solid-state luminaires that use LED technology.
	2. Lighting fixture supports.


	1.3 DEFINITIONS
	A. CCT: Correlated color temperature.
	B. CRI: Color Rendering Index.
	C. Fixture: See "Luminaire."
	D. IP: International Protection or Ingress Protection Rating.
	E. LED: Light-emitting diode.
	F. Lumen: Measured output of lamp and luminaire, or both.
	G. Luminaire: Complete lighting unit, including lamp, reflector, and housing.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Arrange in order of luminaire designation.
	2. Include data on features, accessories, and finishes.
	3. Include physical description and dimensions of luminaires.
	4. Include emergency lighting units, including batteries and chargers.
	5. Include life, output (lumens, CCT, and CRI), and energy efficiency data.
	6. Photometric data and adjustment factors based on laboratory tests, complying with IESNA Lighting Measurements Testing and Calculation Guides, of each lighting fixture type. The adjustment factors shall be for lamps and accessories identical to thos...
	a. Manufacturers' Certified Data: Photometric data certified by manufacturer's laboratory with a current accreditation under the National Voluntary Laboratory Accreditation Program for Energy Efficient Lighting Products.


	B. Product Schedule: For luminaires and lamps. Use same designations indicated on Drawings.

	1.5 INFORMATIONAL SUBMITTALS
	A. Seismic Qualification Certificates: For luminaires, accessories, and components, from manufacturer.
	1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.
	2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.

	B. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.
	C. Product Certificates: For each type of luminaire.
	D. Product Test Reports: For each luminaire, for tests performed by manufacturer and witnessed by a qualified testing agency.
	E. Sample warranty.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For luminaires and lighting systems to include in operation and maintenance manuals.
	1. Provide a list of all lamp types used on Project; use ANSI and manufacturers' codes.


	1.7 QUALITY ASSURANCE
	A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturer's laboratory that is accredited under the NVLAP for Energy Efficient Lighting Products.
	B. Provide luminaires from a single manufacturer for each luminaire type.
	C. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color consistency among luminaires.

	1.8 DELIVERY, STORAGE, AND HANDLING
	A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering before shipping.

	1.9 WARRANTY
	A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that fail in materials or workmanship within specified warranty period.
	B. Warranty Period:  Five year(s) from date of Substantial Completion.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: Luminaires shall withstand the effects of earthquake motions determined according to ASCE/SEI 7
	B. Seismic Performance: Luminaires and lamps shall be labeled vibration and shock resistant.
	1. The term "withstand" means "the luminaire will remain in place without separation of any parts when subjected to the seismic forces specified and the luminaire will be fully operational during and after the seismic event."


	2.2 LUMINAIRE REQUIREMENTS
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled for indicated class and division of hazard by an NRTL.
	C. Recessed Fixtures: Comply with NEMA LE 4.
	D. Bulb shape complying with ANSI C79.1.
	E. Lamp base complying with ANSI C81.61 or IEC 60061-1.
	F. Rated lamp life of 35,000 hours.
	G. Lamps dimmable from 100 percent to 0 percent of maximum light output.
	H. Internal driver.
	I. Nominal Operating Voltage: As indicated on Plans.
	1. Lens Thickness: At least 34T0.125 inch34T minimum unless otherwise indicated.

	J. Housings:
	1. Extruded-aluminum housing and heat sink.
	2. Powder-coat finish.


	2.3 DOWNLIGHT
	A. USee plans for manufacturers.
	B. Minimum allowable efficacy of 80 lumens per watt.
	C. Rated lamp life of 50,000 hours to L70.
	D. Dimmable from 100 percent to zero percent of maximum light output.
	E. Internal driver.
	A. 42TUSee Plans for manufacturersU42T.
	B. Minimum allowable efficacy of 80 lumens per watt.
	C. Integral junction box with conduit fittings.

	2.5 SURFACE MOUNT, LINEAR
	A. 42TUSee Plans for manufacturersU42T.
	B. Minimum allowable efficacy of 80 lumens per watt.
	C. Integral junction box with conduit fittings.

	2.6 SURFACE MOUNT, NONLINEAR
	A. 42TUSee Plans for manufacturersU42T.
	B. Minimum allowable efficacy of 80 lumens per watt.
	C. Integral junction box with conduit fittings.

	2.7 SUSPENDED, LINEAR
	A. 42TUSee Plans for manufacturersU42T.
	B. Minimum allowable efficacy of 85 lumens per watt.

	2.8 RECESSED
	A. USee plans for manufacturers.
	B. Minimum allowable efficacy of 85 lumens per watt.
	C. Minimum CRI of 80.
	D. Rated lamp life of 50,000 hours to L70.
	E. Dimmable from 100 percent to zero percent of maximum light output.
	F. Internal driver.

	2.9 SUSPENDED, NONLINEAR
	A. 42TUSee Plans for manufacturersU42T.
	B. Minimum allowable efficacy of 85 lumens per watt.
	C. Integral junction box with conduit fittings.

	2.10 MATERIALS
	A. Metal Parts:
	1. Free of burrs and sharp corners and edges.
	2. Sheet metal components shall be steel unless otherwise indicated.
	3. Form and support to prevent warping and sagging.

	B. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under operating conditions, and designed to permit relamping without use of tools. Designed to prevent doors, frames, lenses, diffusers, and other components from fal...
	C. Diffusers and Globes:
	1.  prismatic acrylic
	2. Acrylic Diffusers: One hundred percent virgin acrylic plastic, with high resistance to yellowing and other changes due to aging, exposure to heat, and UV radiation.
	3. Lens Thickness: At least 34T0.125 inch34T minimum unless otherwise indicated.

	D. Housings:
	1. Extruded-aluminum housing and heat sink.
	2. Powder-coat finish.

	E. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Locate labels where they will be readily visible to service personnel, but not seen from normal viewing angles when lamps are in place.
	1. Label shall include the following lamp characteristics:
	a. "USE ONLY" and include specific lamp type.
	b. Lamp diameter, shape, size, wattage, and coating.
	c. CCT and CRI for all luminaires.



	2.11 METAL FINISHES
	A. Variations in finishes are unacceptable in the same piece. Variations in finishes of adjoining components are acceptable if they are within the range of approved Samples and if they can be and are assembled or installed to minimize contrast.

	2.12 LUMINAIRE FIXTURE SUPPORT COMPONENTS
	A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for channel and angle iron supports and nonmetallic channel and angle supports.
	B. Single-Stem Hangers: 34T1/2-inch34T steel tubing with swivel ball fittings and ceiling canopy. Finish same as luminaire.
	C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 34T12 gage34T.
	D. Rod Hangers: 34T3/16-inch34T minimum diameter, cadmium-plated, threaded steel rod.
	E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with threaded attachment, cord, and locking-type plug.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical connections before fixture installation. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 TEMPORARY LIGHTING
	A. If approved by the Architect, use selected permanent luminaires for temporary lighting. When construction is sufficiently complete, clean luminaires used for temporary lighting and install new lamps.

	3.3 INSTALLATION
	A. Comply with NECA 1.
	B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.
	C. Install lamps in each luminaire.
	D. Supports:
	1. Sized and rated for luminaire weight.
	2. Able to maintain luminaire position after cleaning and relamping.
	3. Provide support for luminaire without causing deflection of ceiling or wall.
	4. Luminaire mounting devices shall be capable of supporting a horizontal force of 100 percent of luminaire weight and vertical force of 400 percent of luminaire weight.

	E. Flush-Mounted Luminaire Support:
	1. Secured to outlet box.
	2. Attached to ceiling structural members at four points equally spaced around circumference of luminaire.
	3. Trim ring flush with finished surface.

	F. Wall-Mounted Luminaire Support:
	1. Attached to structural members in walls.
	2. Do not attach luminaires directly to gypsum board.

	G. Ceiling-Mounted Luminaire Support:
	1. Ceiling mount with two 34T5/32-inch-34Tdiameter aircraft cable supports adjustable to 34T120 inches34T in length.
	2. Ceiling mount with pendant mount with 34T5/32-inch-34Tdiameter aircraft cable supports adjustable to 34T120 inches34T in length.
	3. Ceiling mount with hook mount.

	H. Suspended Luminaire Support:
	1. Pendants and Rods: Where longer than 34T48 inches34T, brace to limit swinging.
	2. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers. Support with approved outlet box and accessories that hold stem and provide damping of luminaire oscillations. Support outlet box vertically to building structure using approved ...
	3. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point and wire support for suspension for each unit length of luminaire chassis, including one at each end.
	4. Do not use ceiling grid as support for pendant luminaires. Connect support wires or rods to building structure.

	I. Ceiling-Grid-Mounted Luminaires:
	1. Secure to any required outlet box.
	2. Secure luminaire to the luminaire opening using approved fasteners in a minimum of four locations, spaced near corners of luminaire.
	3. Use approved devices and support components to connect luminaire to ceiling grid and building structure in a minimum of four locations, spaced near corners of luminaire.

	J. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" for wiring connections.

	3.4 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.5 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. Operational Test: After installing luminaires, switches, and accessories, and after electrical circuitry has been energized, test units to confirm proper operation.
	2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation. Verify transfer from normal power to battery power and retransfer to normal.

	B. Luminaire will be considered defective if it does not pass operation tests and inspections.
	C. Prepare test and inspection reports.

	3.6 ADJUSTING
	A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied conditions. Make up to two visits to Project during other-than-nor...
	1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that are defective.
	2. Parts and supplies shall be manufacturer's authorized replacement parts and supplies.
	3. Adjust the aim of luminaires in the presence of the Architect.





