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 NOTICE TO BIDDERS 

 
NOTICE IS HEREBY GIVEN, that sealed Bids, in duplicate, are sought and requested by the Board of 
Trustees, Mahopac Public Library (hereinafter called "Owner"), for the Mahopac Public Library.  
 
Separate Bids are requested for the following Contracts: 

General  

in accordance with the Drawings, Project Manual (including Conditions of the Contract and Specifications), 
and other Bidding and Contract Documents prepared by: 

 Tetra Tech Engineers, Architects & Landscape Architects, P.C. d/b/a 
 Tetra Tech Architects & Engineers 
 10 Brown Road 
 Ithaca, New York 14850 

A pre-bid conference for potential Bidders and other interested parties will be held on Tuesday, August 2, 
2022 3:00 PM, local time at Mahopac Public Library, 668 US-6, Mahopac, NY 10561. 

Sealed Bids will be received by the Owner until Tuesday, August 16, 2022 3:00 PM local time at Mahopac 
Public Library, 668 US-6, Mahopac, NY 10561 at which time and place Bids received will be publicly 
opened and read aloud. 

For the convenience of potential Bidders and other interested parties, the Bidding Documents may be 
examined at the following locations: 

 Construction Market Data, 30 Technology Parkway South, Suite 100, Norcross, GA 30092-2912  
Eastern Contractors Association, Inc., 6 Airline Drive, Colonie, NY  12205 
Mohawk Valley Builders Exchange, 10 Main Street, Suite 202, Whitesboro, NY 13492 
Northern New York Builders Exchange, 22074 Fabco Road, Watertown, New York 13601 

 The Builders Exchange of the Southern Tier, Inc.-East, 15 Belden Street, Binghamton, New York 13903 
Construction Exchange of Buffalo & Western NY, 2660 William Street, Cheektowaga, NY 14227 
Rochester Builders Exchange, 180 Linden Oaks, Suite 100, Rochester, NY  14625 
Syracuse Builders Exchange, 6563 Ridings Rd., Syracuse, NY  13206 
McGraw Hill Construction/Dodge, c/o Dataflow, 2215 Central Ave, Schenectady NY 12304 
The Builders Exchange of the Southern Tier, Inc.-West, 65 E. Main. St., Falconer, NY  14733 

 
Complete digital sets of Bidding Documents, drawings and specifications, may be obtained online as a 
download at www.tetratechaeplanroom.com 'public projects’ for a non-refundable fee of $49.00 (Forty Nine 
Dollars). 

Complete hard copy sets of Bidding Documents, drawings and specifications, may be obtained online at 
www.tetratechaeplanroom.com ‘public projects’.  Checks shall be made payable to Mahopac Public Library 
in the sum of $100.00 (One Hundred Dollars) for each set of documents. A scanned copy of the deposit check 
can be emailed to projects@revplans.com.  Once the scanned copy of the executed deposit check is received, 
Bidding Documents will be shipped. Mail checks to Lohrius Blueprint, 226 Newtown Road, Plainview, New 
York 11803. 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 (either by providing FedEX/UPS account number or being charged a 
flat rate by the printer). 
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Please note REV www.tetratechaeplanroom.com is the designated location and means for distributing and 
obtaining all bid package information, electronic or hard copy.  Only those Contract Documents obtained in 
this manner will enable a prospective bidder to be identified as a registered plan holder.  The Provider takes 
no responsibility for the completeness of Contract Documents obtained from other sources.  Contract 
Documents obtained from other sources may not be accurate or may not contain addenda that may have been 
issued. 
 
All bid addenda will be transmitted to registered plan holders, regardless of receiving electronic or hard copy 
Bid Documents, via email and will be available at www.tetratechaeplanroom.com.  Registered plan holders 
who have paid for hard copies of the bid documents will need to make the determination if hard copies of the 
addenda are required for their use, and coordinate directly with REV for hard copies of addenda to be issued. 
There will be no charge for registered plan holders to obtain hard copies of the bid addenda. 

As bid security, each Bid shall be accompanied by a certified check or Bid Bond made payable to the Owner, 
in accordance with the amounts and terms described in the Instructions to Bidders. 

The Owner requires Bids comply with bidding requirements indicated in the Instructions to Bidders. The 
Owner may, at its discretion, waive informalities in Bids, but is not obligated to do so, nor does it represent 
that it will do so. The Owner also reserves the right to reject any and all Bids. The Owner will not waive 
informalities which would give one Bidder substantial advantage or benefit not enjoyed by all affected 
Bidders. Bids may not be withdrawn before 45 days following the Bid opening thereof unless an error is 
claimed by the Bidder in accordance with the Instructions to Bidders. 
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INSTRUCTIONS TO BIDDERS 
 

 
ARTICLE 1 

PROJECT AND BIDDING INFORMATION 
 

1. Project Identification: Mahopac Public Library 

a. Project Location:  

1) 668 US-6, Mahopac New York 10541. 

2. Owner: Mahopac Public Library 

a. Address: 668 US-6, Mahopac New York 10541. 

3. Bid Opening: Bids will be received until the following Bid opening date and time, at the 
following location: 

a. Bid Opening Date and Time: Tuesday, August 16, 2022 at 3:00 PM local time. 
b. Bid Opening Location: Mahopac Public Library, 668 US-6, Mahopac New York 10541.  

4. Bidders are invited to submit Bids for any the following Contracts: 

a. General. 
 
5. Access to the Project Site: Subject to Owner’s prior approval of timing, Bidders will be permitted 

access to Project site on Monday through Friday, from 9:30 until 5:00, except legal holidays. 

a. Contact Owner’s representative designated below, prior to visiting Project site, to arrange 
access. 

b. Owner’s representative: Michelle Capozzella, Director, Mahopac Public Library, 668 US-6, 
Mahopac New York 10541 , and 845-628-2009. 

 
6. Pre-Bid Conference: A pre-bid conference for potential Bidders and other interested parties will 

be held as follows: 

a. Pre-Bid Conference Date and Time: Tuesday, August 2, 2022 at 3:00 PM local time. 
b. Pre-Bid Conference Location: Mahopac Public Library, 668 US-6, Mahopac New York 

10541  

7. Agreement Form: The following will be used as the basis for the form of agreement between the 
Owner and the Contractor (Owner-Contractor Agreement): 

a. Standard Form of Agreement Between Owner and Contractor, AIA Document A132.  
 

ARTICLE 2 
DEFINITIONS 

 
1. Definitions in the General Conditions of the Contract for Construction, AIA Document A232, or 

in other Contract Documents are applicable to the Bidding Documents. 

00 21 13 
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a. “Addenda”: Written or graphic instruments issued by the Architect prior to execution of the 
Contract which modify or interpret the Bidding Documents by additions, deletions, 
clarifications, or corrections. 

b. “Bid”: Complete and properly executed proposal to do the Work for the sums stipulated 
therein, submitted in accordance with the Bidding Documents. 

1) “Base Bid”: Sum stated in the Bid for which Bidder offers to perform the Work 
described in the Bidding Documents as the base, to which Work may be added or from 
which Work may be deleted for sums stated for Alternates. 

2) “Alternates”: Amount stated in the Bid to be added to or deducted from the amount of 
the Base Bid if the corresponding change in the Work, as described in the Bidding 
Documents, is accepted. 

c. “Bidder”: Person or entity who submits a Bid. 

ARTICLE 3 
BIDDING PROCEDURES 

 
1. Bid Form: Complete the Bid Form provided, in duplicate, with all blank spaces for Base Bid and 

Alternates and Unit Prices legibly completed in ink, or typewritten, in both words and figures. 

a. In the event of a discrepancy between amounts written in words and figures, the amount 
written in words shall govern. 

b. Bid Forms without amounts expressed both in words and figures will not be accepted. 
 
2. Bid Attachments: Complete and submit the following attachments with the Bid Form: 

a. Attachment #1: Non-Collusive Bidding Certification. 
b. Attachment #2: Certified Corporate Resolution. 
c. Attachment #3: Iranian Energy Divestment Certification 
d. Attachment #4: Certificate on Violations 

3. Bid Security:  

a. Submit, with the Bid Form, bid security in the amount of five percent of the Base Bid, in any 
of the following forms: 

1) Certified check, payable to the Owner; or 

2) Bid Bond, payable to the Owner, on Bid Bond, AIA Document A310, or standard bid 
bond form, duly executed by the Bidder as principal, with a surety company acceptable 
to the Owner. 

a) Affix a certified and current copy of the power of attorney for the attorney-in-fact 
who executes the required bond on behalf of the surety. 

b. Within three days following the Bid opening, bid security will be returned to all Bidders, 
except the three apparent lowest Bidders. 

1) Within three days following execution of the Owner-Contractor Agreement, bid 
security will be returned to the three apparent lowest Bidders. 
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2) If the Owner-Contractor Agreement has not been executed within 45 days following 
the Bid opening, bid security will be returned to the three apparent lowest Bidders, 
except as noted below. 

c. Should the accepted Bidder, within 10 days following Notice of Award, fail or refuse to 
execute the Owner-Contractor Agreement and to provide the required performance and 
payment bonds, the accepted Bidder will be deemed to have abandoned the Contract and its 
bid security will be forfeited to the Owner. 

4. Bid Submission: Submit each Bid, including attachments, in a sealed envelope bearing the 
Bidder’s name and address, name of Contract, and name of Project. Deliver Bid to location 
specified no later than the Bid opening date and time indicated. Any Bid received after the Bid 
opening date and time indicated will be returned unopened. 

5. Bid Withdrawal:  

a. Bid may be withdrawn by the Bidder up until the date and time specified for opening of Bids. 

b. Following the Bid opening, Bid may not be withdrawn before 45 days following the Bid 
opening, except in the case of Bidder error, as follows: 

1) If the Bidder claims an error in the Bid, submit a written notice to the Architect, within 
three days of the Bid opening, describing in detail the nature of the error, submitting 
documentary evidence or proof of such error. 

a) Failure to deliver such notice and evidence or proof, within the time frame 
required, constitutes a waiver of Bidder’s right to claim error. 

2) Upon receipt of required notice and evidence or proof, the Owner, in consultation with 
the Architect, will determine if an excusable error has been made; and if so, the Owner 
may permit the Bid to be withdrawn. The Owner’s determination will be conclusive 
upon the Bidder, its surety, and all who claim rights under the Bidder. 

6. Subcontractors List Return: Sealed Subcontractors List (Bid Form Attachment #5) will be 
returned, unopened, to unsuccessful Bidders after Contract Award. 

ARTICLE 4 
BIDDING DOCUMENTS 

 
1. Bidding Documents include the bidding requirements and the proposed Contract Documents, as 

follows: 

a. Bidding requirements consist of the following: 

1) Notice to Bidders. 
2) Instructions to Bidders. 
3) Bid Form, with attachments. 
4) Proposed Products Form. 
5) Proposed Subcontractors Form. 
6) Proposed Schedule of Values Form. 
7) Bidder’s Qualifications Form. 
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b. Proposed Contract Documents consist of the following: 

1) Owner-Contractor Agreement. 
2) Conditions of the Contract. 
3) Drawings. 
4) Specifications. 
5) Addenda. 

2. Bidding Document Interpretations or Corrections: 

a. Submit requests for Bidding Document interpretation to the Architect, in writing using the 
provided Pre-Bid Request for Interpretation Form, at least five working days prior to the Bid 
opening. 

b. Interpretations or corrections will be issued in the form of written Addenda. The Architect 
will not make oral interpretations or corrections. 

c. Notification of addenda will be transmitted to registered plan holders via email and will be 
available to download at www.tetratechaeplanroom.com under “public projects”. 

1) Failure of any Bidder to not download addenda and/or failure to receive any such 
Addendum by reason of not having registered as a plan holder in accordance with the 
bidding instructions, shall not relieve the Bidder from any obligation required by the 
Addendum. 

3. Equivalents and Substitutions: The use of manufacturer’s brand names, catalog numbers, and 
similar proprietary identifying data is intended to establish a standard of quality, appearance, and 
function for those items. It is not the intention of the Owner or the Architect to eliminate from 
consideration products that are equivalent in quality, appearance, and function to those identified.  

a. Equivalents are pre-award and substitutions are post-award. 

b. Equivalents: 

1) On Proposed Products Form provided, as post-Bid information, identify and list 
proposed equivalents to specified products as follows: 

a) Applicable Specification Section and paragraph. 
b) Proposed manufacturer’s name, product brand name, and catalog number of 

proposed equivalent. 
c) Note any aspect of the specified product that the proposed equivalent cannot 

meet. 

2) Failure to identify and list proposed equivalents shall be deemed to mean the Bidder 
will furnish the materials or products indicated in the Contract Documents without 
exception. 

c. Substitutions: Refer to Division 01 Specification Section “Substitution Procedures”. 
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ARTICLE 5 
BIDDER’S REPRESENTATIONS 

 
1. By submitting a Bid, Bidder represents that: 

a. Bidder has visited and thoroughly inspected the Project site, and has become fully informed 
of the conditions relating to the Project; 

b. Bidder has received, read, and is thoroughly familiar with the Bidding Documents, including 
all Addenda issued; and 

c. Bidder has prepared its Bid based on the materials, equipment and systems required by the 
Bidding Documents or equivalents. 

d. Bidder has prepared its Bid based on the subcontractors identified on the accompanying 
sealed Subcontractors List and the corresponding subcontract amount listed, and if awarded 
the Contract, intends to engage the listed Subcontractors. 

1) Owner retains its right to object to any proposed Subcontractor, in accordance with the 
Conditions on the Contract. 

 
ARTICLE 6 

BID CONSIDERATION 
 

1. Opening of Bids: At the designated Bid opening date and time, Bids received will be publicly 
opened and read aloud. 

2. Bid Rejection: 

a. The Owner requires Bids comply with bidding requirements; however, the Owner may, at its 
discretion, waive informalities in Bids. The Owner is not obligated to do so and does not 
represent that it will do so. The Owner will not waive informalities which would give one 
Bidder substantial advantage or benefit not enjoyed by all affected Bidders. 

b. The Owner reserves the right to reject any and all Bids not deemed in the best interests of the 
Owner, if in its judgment the public interest will be promoted thereby. 

c. The Owner reserves the right to reject as “informal” any and all Bids which, in its opinion, 
are incomplete, conditional, obscure, or contain irregularities of any kind. 

d. In rejecting a Bid, the Owner does not forfeit its right to accept the Bid for any other Contract 
contained in the Project; and the rejection of a Bid is not necessarily a finding by the Owner 
of any facts or circumstances which would preclude the Bidder from serving as a 
subcontractor on any portion of the Project. 

e. Lowest Bid may be Base Bid plus any Alternates the Owner desires to accept. 

f. If the acceptance of Alternates does not change the low Bidder, the Owner reserves the right 
to accept any or all Alternates within 45 days following Notice of Award. 
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ARTICLE 7 
POST-BID INFORMATION 

 
1. Contractor Qualifications: The Owner may make such investigations as it deems necessary to 

determine the ability of the Bidder to perform the Work. 

a. The Bidder shall furnish to the Owner all such information and data for this purpose as the 
Owner may request, including the provided Bidder’s Qualifications Form. 

b. The Owner reserves the right to reject any Bid if the evidence submitted, or investigation of 
Bidder fails to satisfy the Owner that the Bidder is properly qualified to carry out the 
obligations of the Contract and to complete the Work contemplated therein. 

2. Owner’s Financial Capability: Successful Bidder may submit request to Owner for information 
regarding Owner’s financial arrangements for this Project in accordance with the General 
Conditions, no later than 30 days following the Bid opening. 

3. Post-Bid Submittals: 

a. The three apparent low Bidders shall submit the following completed forms within three days 
following the Bid opening: 

1) Proposed Products Form. 
2) Proposed Subcontractors Form. 
3) Proposed Schedule of Values Form. 
4) Upon request, Bidder’s Qualifications Form. 

 
ARTICLE 8 

PERFORMANCE BOND AND PAYMENT BOND 
 

1. Bond Requirements: 

a. The successful Bidder shall furnish bonds covering faithful performance of the Contract and 
payment of obligations arising thereunder. 

b. Bonds shall be obtained from a surety satisfactory to the Owner, authorized and licensed to 
do business in the state where the Project is located, and listed in the latest issue of the U.S. 
Treasury Circular 570. The amount of each bond shall be equal to 100 percent of the Contract 
Sum. The sufficiency of the bonds is subject to the approval of the Owner and bonds deemed 
insufficient by the Owner may be rejected. 

c. Affix a certified and current copy of the power of attorney for the attorney-in-fact who 
executes the required bonds on behalf of the surety. 

 
2. Time of Delivery and Form of Bonds: 

a. Deliver required bonds to the Owner not later than the date the Agreement in entered into. 
b. Use Performance Bond and Payment Bond, AIA Document A312, unless otherwise approved 

by the Owner. 
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ARTICLE 9 
MISCELLANEOUS PROVISIONS 

 
1. All applicable laws, ordinances, rules, and regulations of Federal, State, and other authorities 

having jurisdiction over the Project shall apply to the Contract throughout, and will be deemed 
included in the Contract as though herein written out in full. 

a. Sections of the New York State Labor Law (LL) and the New York State General Municipal 
Law (GML) include, but are not limited to, the following: 

1) LL §220, subd. 2: Eight-hour day, 40-hour week. 
2) LL §220, subd. 3 and LL §220-d: Minimum rate of wage and supplement. 
3) LL §220-e: Prohibiting discrimination. 
4) LL §222-a: Prevention of dust hazards. 
5) GML §103-d: Statement of non-collusion in bids. 
6) GML §106-b: Payment on public work contracts. 
7) GML §108: Workmen’s compensation insurance. 
8) GML §109: Assignment of public contracts. 

 
2. Time of Completion: Refer to Division 01 Section “Multiple Contract Summary – Project 

Schedule”. 
 
 
Attachment: Pre-Bid Request for Interpretation Form 
 

END OF SECTION 00 21 13 
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INSTRUCTIONS TO BIDDERS 

ATTACHMENT #1: 
PRE-BID REQUEST FOR INTERPRETATION FORM 

 

SUBMIT FORM BY EMAIL TO INE.MahopacLibrary@tetratech.com 
 

 
Project No.: 203778-21001                    Date:  
 
Project Name: Mahopac Public Library 
 
--------------------------------------------------------------------------------------------------------------------------- 
Bidder Contact Person: 
Bidder Company Name:    
Bidder Phone:  
Bidder Email Address:  
------------------------------------------------------------------------------------------------------------------------- 
Question Pertains to:  
 
Drawing Number:  
Plan Area: 
Room Number: 
Drawing Detail Number: 
Specification Section:  
-------------------------------------------------------------------------------------------------------------------------- 
Question: (Please be specific) 
 
 
 
 
 
 
 
-------------------------------------------------------------------------------------------------------------------------- 
Review by Architect/Engineers: Responded By: __________ Date: ___________ 

 
 
 

 
 

 
------------------------------------------------------------------------------------------------------------------------- 
Submit requests not less than 5 working days prior to the specified Bid Opening date and time.   In the event that 
this question requires clarification or modification of the Bidding Documents, such written information can only 
be provided by formal Addendum, distributed to all plan holders.  
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BID FROM (Bidder's Name)  : ___________________________________ 
  
                             (Address) : ___________________________________ 
 
  ___________________________________ 

 
 
              Bidder's Telephone  : ___________________________________ 
 
       Bidder's Facsimile (Fax)  : ___________________________________ 
 
       Bidder's E-mail Address : ___________________________________ 
               (if applicable) 

 
 
10 Brown Road 
Ithaca, New York 14850 
(607) 277-7100 

Ithaca, New York 
Farmingdale, New York 
Albany, New York 
 
 
 

 BID FORM  
(submit in duplicate) 

 

 CONTRACT:  CONTRACT 1 - GENERAL CONSTRUCTION WORK 

 PROJECT TITLE: RECONSTRUCTION TO MAHOPAC PUBLIC LIBRARY 

 DATE: DECEMBER 13, 2021 

 PROJECT NO.: 203778-21001 

 BID TO: Mahopac Public Library 
  668 US-6 
  Mahopac New York 10541 
 

The Bidder hereby certifies that it has examined and fully understands the requirements and intent of the 
Bidding Documents, including the Bidding Requirements and proposed Contract Documents; and proposes to 
furnish all labor, materials, and equipment necessary to complete the Work on, or before, the dates specified 
in the Contract Documents for the BASE BID sum of: 

____________________________________________________________________________________ 
(words) 

______________________________________________________  ($___________________________) 
 (figures) 

Show all amounts in both words and figures; in the event of a discrepancy between amounts written in 
words and figures, the amount written in words shall govern. 

Refer to Division 01 Section “Allowances” for description of allowances to be included in the Base 
Bid above. 
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LIST OF ADDENDA RECEIVED 

No. __________   Date______________________ No. ___________    Date   ___________________ 

No. __________   Date______________________ No. ___________    Date   ___________________ 

No. __________   Date______________________ No. ___________    Date   ___________________ 

BID ATTACHMENTS 

Enclosed with this Bid are the following attachments: 

 Attachment #1 - Non-Collusive Bidding Certification. 
 Attachment #2 - Certified Corporate Resolution. 
 Attachment #3 – Iranian Energy Divestment Certification 
 Attachment #4 – Certification on Violations 

 
BID SECURITY 
 
Enclosed with this Bid is bid security in the amount of five percent of the Base Bid. 
 
 
EXECUTION OF CONTRACT 
 
If written notice of the acceptance of this Bid is transmitted to the undersigned within 45 days following the 
Bid opening, the undersigned will, within 10 days following the Notice of Award, execute and transmit a 
Contract in the form as required by the Architect. 
 
This Bid may be withdrawn at any time prior to the Bid opening. 
 
SIGNATURE 
 

(   ) NAME OF BIDDER (Corporate Name) 
(   )  
(   ) ________________________________________________ 
(          Corporate Seal     ) 
(   ) SIGNATURE (Corporate Officer) 
(  ) 
(   ) ________________________________________________ 
(  ) 
(  ) DATE: __________________________________________ 
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BID FORM 
ATTACHMENT #1 

 
GENERAL CONDITIONS TO BID 

NON-COLLUSIVE BIDDING CERTIFICATION 
 
No bid will be accepted that does not have this form completely executed. 
 
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 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 any 
competitor; 

 
(b) Unless otherwise required by law, the prices which 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; 

 
(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; 

 
(d) The person signing this bid or proposal certifies that he has fully informed himself 

regarding the accuracy of the statements contained in this certification, and under the 
penalties of perjury, affirms the truth thereof, such penalties being applicable to the 
bidder as well as to the person signing in its behalf; 

 
(e) That attached hereto (if corporate bidder) is a certified copy of resolution authorizing 

the execution of this certified by the signature of this bid or proposal in behalf of the 
corporate bidder. 

 
 ______________________________________ 
 (Individual) 
 
 ______________________________________ 
  (Corporation)  
 
 
 
Dated:________________  By   __________________________________________________________ 

(Signature of Officer)  
 
 

This Non-Collusive Bidding Certificate must be submitted with the bid. 
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BID FORM 
ATTACHMENT #2 

 
CERTIFIED CORPORATE RESOLUTION 

 
 
 
 
 
RESOLVED THAT                                                                  be authorized to sign and submit the bid or 
proposal of this corporation for the following project:  
 
 
 _____________________________________________________________  
 
 
   _____________________________________________________________ 
 
 
 
and to include in such bid or proposal the certificate as to non-collusion required by section one hundred 
three-d (103-d) of the general municipal law as to the act and deed of such corporation, and for any 
inaccuracies or mis-statements in such certificate this corporate bidder shall be liable under the penalties of 
perjury. 
 
 
 
The foregoing is a true and correct copy of the resolution and adopted by  
 
                                                                                            at a meeting of its board of directors held on the 
 
                                             day of                                       20     . 
 
 
 
 
 
 ____________________________________________________________  
  (Secretary)  
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BID FORM 
ATTACHMENT #3 

 
IRANIAN ENERGY DIVESTMENT CERTIFICATION 

 
Pursuant to Section 103-g 

Of the New York State 
General Municipal Law 

 
 

A. By submission of this bid/proposal, each bidder/proposer and each person signing on behalf of any 
bidder/proposer 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 its knowledge and belief that each bidder is 
not on the list created pursuant to paragraph (b) of subdivision 3 of Section 165-a of the New York 
State Finance Law. 

  
B. A Bid/Proposal shall not be considered for award, nor shall any award be made where the condition 

set forth in Paragraph A above has not been complied with; provided, however, that in any case the 
bidder/proposer cannot make the foregoing certification set forth in Paragraph A above, the 
bidder/proposer shall so state and shall furnish with the bid a signed statement which sets forth in 
detail the reasons therefore.  Where Paragraph A above cannot be complied with, the Purchasing Unit 
to the political subdivision, public department, agency or official thereof to which the bid/proposal is 
made, or his designee, may award a bid/proposal, on a case by case business under the following 
circumstances: 

 
1. The investment activities in Iran were made before April 12, 2012, the investment activities in 

Iran have not been expanded or renewed after April 12, 2012, and the Bidder/Proposer has 
adopted, publicized and is implementing a formal plan to cease the investment activities in Iran 
and to refrain from engaging in any new investments in Iran; or 

 
2. The political subdivision makes a determination that the goods or services are necessary for the 

political subdivision to perform its functions and that, absent such an exemption, the political 
subdivision would be unable to obtain the goods or services for which the contract is offered.  
Such determination shall be made in writing and shall be a public document. 

 
 

___________________________________ 
Signature 
 

       ___________________________________ 
       Title 
 
 ______________    ___________________________________ 

Date      Company  
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BID FORM 
ATTACHMENT #4 

 
CERTIFICATION ON VIOLATIONS 

____________________, a representative of _____________________, hereby swears to and certifies 
that, to the best of his or her knowledge and belief:  

 
1. Neither ___________________, nor any substantially owned-affiliated entity of the Bidder (collectively 

the "Bidder"), has been found to be in violation of the Davis-Bacon Act pursuant to 40 U.S.C. 3144, the 
Copeland Act pursuant to 18 U.S.C. 874 and 40 U.S.C. 3145 or the Contract Work Hours and Safety 
Standards Act pursuant to 40 U.S.C. 332, or their New York State counterparts.  

   True  False 
 

If False is selected, information for questions 2 and 3 must be provided.  If True is selected questions 
2 and 3 are not applicable, continue to question 4. 

 
2. If the Bidder has been found to be in violation of the Davis-Bacon Act, the Copeland Act, the Contract 

Work Hours and Safety Standards Act, or any of their New York State counterparts, state the name of the 
agency, the date of the violation, the nature of the violation and any consequence of the violation, 
including warnings, fines and debarments below. 

 
 

 

 

 
3. The Bidder is not currently under investigation by any local, state or federal government agency. If 

Bidder is under investigation, state the name of the agency, the date of the alleged violation and the nature 
of the alleged violation below. 

 
 

 

 

 
4. The Bidder's Dun & Bradstreet D-U-N-S number is ____________________. 

 
5. I have authority to execute this certification, knowing it will be relied upon by the Owner of this Project. 

 
 

_______________________________ _______________________________ 
Name      Title 

 
Sworn to before me this    day of     , 20__. 
 

 
__________________________ 
Notary Public 
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NAME OF BIDDER_____________________________  

PROPOSED PRODUCTS FORM 

 

 SUBMITTED BY THREE LOW BIDDERS WITHIN THREE DAYS FOLLOWING BID OPENING 

In accordance with Articles 4 and 6 of the Instructions to Bidders, list specified products and corresponding 
proposed equivalent products below.  Include additional pages as necessary. 

Attach additional sheet explaining any aspect of the Contract Documents that cannot be complied with by the 
manufacturer or supplier of the proposed equivalent product. 

  Specified Product Equivalent Product 

Technical Section: ________________ Manufacturer: __________________________________ 
 Product  
Specified Product: ________________ Designation:  ___________________________________ 

Technical Section: ________________ Manufacturer: __________________________________ 
 Product  
Specified Product: ________________ Designation:  ___________________________________ 

Technical Section: ________________ Manufacturer: __________________________________ 
 Product  
Specified Product: ________________ Designation:  ___________________________________ 

Technical Section: ________________ Manufacturer: __________________________________ 
 Product  
Specified Product: ________________ Designation:  ___________________________________ 

Technical Section: ________________ Manufacturer: __________________________________ 
 Product  
Specified Product: ________________ Designation:  ___________________________________ 

Technical Section: ________________ Manufacturer: __________________________________ 
 Product  
Specified Product: ________________ Designation:  ___________________________________ 

Technical Section: ________________ Manufacturer: __________________________________ 
 Product  
Specified Product: ________________ Designation:  ___________________________________ 
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NAME OF BIDDER_____________________________________   

 
PROPOSED SUBCONTRACTORS FORM 

 
SUBMITTED BY THREE LOW BIDDERS 

WITHIN THREE DAYS FOLLOWING BID OPENING 

Review of proposed subcontractors shall be in accordance with Article 5.2 of the General Conditions. 

Instructions: 

1. List below name of each subcontractor whose figures have been used in preparing the Bid, and to whom 
a subcontract is expected to be awarded, upon Architect's review, should the Contract be awarded to the 
Bidder. 

2. For each subcontractor, identify the Specification section(s) included in that subcontract. 

Subcontractor Name    Specification Section 
 
 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
00 43 36 



  
Tetra Tech BIDDER'S QUALIFICATIONS FORM  
Architects & Engineers Project No. 203778-21001 00 45 13 / Page 1 

NAME OF BIDDER________________________________   

 
 BIDDER'S QUALIFICATIONS FORM 
 

NOTARIZED AND SUBMITTED BY THREE LOW BIDDERS 
WITHIN THREE DAYS FOLLOWING BID OPENING  

UPON REQUEST BY ARCHITECT 

All questions must be answered and the data given must be clear and comprehensive. If necessary, questions 
may be answered on separate attached sheet. 

 1. Name of Bidder: 

 2. Permanent main office address: 

 3. When organized: 

 4. If a corporation, where incorporated: 

 5. How many years have you been engaged in the contracting business under your present firm or trade 
name? 

 6. Contracts on hand:  (List these, showing amount of each contract and the appropriate anticipated dates of 
completion.) 

 7. General character of work performed by your company: 

 8. Have you ever failed to complete any work awarded to you? 

If so, where and why? 

9. Have you ever defaulted on a contract? 

If so, where and why? 

10. List the more important projects recently completed by your company, stating the approximate cost for 
each, and the month and year completed. 

11. List your major equipment available for this Contract. 

12. List your experience in work similar to this project. 

13. List the background and experience of the principal members of your organization, including officers. 

14. List the work to be performed by Subcontractors and summarize the dollar value of each Subcontract. 

15. Credit available:    $                                         

16. Give bank reference:                                                                                                            
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17. Will you, upon request, fill out a detailed financial statement and furnish any other information that may 
be required by the Owner? 

18. The undersigned hereby authorizes and requests any person, firm or corporation to furnish any 
information requested by the Owner in verification of the recitals comprising this Bidder's Qualifications 
Form. 

Dated ______________________________this                                           date of                                 , 20__ . 

______________________________________________ 
(Name of Bidder)                        

      By ______________________________________________  

    Title ______________________________________________ 

State of _______________________________________) 
) ss. 

County of _____________________________________  

__________________________________ being duly sworn deposes and says that he is ________________ 

__________________________________ of _________________________________________________ 

_____________________________________________________________________________________ 
(Name of Organization) 

and that the answers to the foregoing questions and all statements therein contained are true and correct. 

Subscribed and sworn to before me 

this __________________________ day of_______________________________, 20___ 

My commission expires _______________________________________________, 20___ 
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�d[gZfc[f}�ZaZf]fZX̂\�X���̀fgXdZfª�]̂_�®c\YX̂\ZbZeZfª��i�i�}�~i��i�}��i�i�}��i�i�}��i�i�}��i�i�~}��i�i�}�{i|i�}���i��d[gZfc[f̄\��__ZfZX̂]e�°cd�Z[c\�]̂_��¬Yĉ\c\�i�}���i~i�i�}���i�i�}���i�i�}��~i�i��d[gZfc[f̄\��_aẐZ\fd]fZX̂�X��fgc��X̂fd][f��i�}�{i�}�{i�}���i��d[gZfc[f̄\��YYdX�]e\~i��i��d[gZfc[f̄\��̀fgXdZfª�fX�®c±c[f��Xd���i�i�}���i�i�}���i�i��d[gZfc[f̄\��XYªdZhgf�i��d[gZfc[f̄\�«c[Z\ZX̂\�i�i�}��i~i{}��i�}��i�i~}��i~i�}�{i�}�{i�}�{i�}�{i�i~}�{i{i�}��~i�i�}���i�i�}���i�i�}���i��d[gZfc[f̄\��̂\Yc[fZX̂\�~i�i�}��i�}�{i�i~}�{i{i�}�{i��i�}��~i��d[gZfc[f̄\��̂\fd̀[fZX̂\~i�i�}��i�}�{i��d[gZfc[f̄\��̂fcdYdcf]fZX̂\�i�i�}��i�i��}��i�i���d[gZfc[f̄\��̂�°Zfc��b\cd�]fZX̂\�i�i�}�{i�}�{i�i�}�{i��i�}���i�i�}���i�i�}��~i��d[gZfc[f̄\��dX±c[f�®cYdc\ĉf]fZ�c�i�i�|�d[gZfc[f̄\�®ce]fZX̂\gZY�²Zfg��X̂fd][fXd�i�i�}��i�}�~i�i�}�~i�i~}�~i�i�}�~i~i�}�~i�i�}�~i�}�~i�i�}�~i{i�}�~i{i~}�~i��}�~i��}�~i��i�}�~i�|}�~i��}��i�}��i�}�|i�i�}��i�}���i~i�}���i�}��~i��d[gZfc[f̄\�®ce]fZX̂\gZY�²Zfg��X̂\fd̀[fZX̂�³]̂]hcd�i�i�}�{i~�fgdX̀hg�{i��}���i~}��~i�i�}���i~}���i~i�}��~i�i�}��~i�i��d[gZfc[f̄\�®ce]fZX̂\gZY�²Zfg�°̀b[X̂fd][fXd\�i�i�}��i�i�}��i~}�{i|i~}�{i|i��d[gZfc[f̄\�®cYdc\ĉf]fZX̂\{i�}�{i�}�{i��i��d[gZfc[f̄\�°Zfc�́Z\Zf\�i�i�}�{i�}�{i�i�}�{i�i~}�{i{i�}�{i��i�}��~i��\bc\fX\���i~i��ffXd̂cª\̄�µcc\~i��i�}�{i��i�}���i~i~�²]d_�X���fgcd��X̂fd][f\|i�i�}�|i�i�k�pu��rs�¶·£lrqouplo��pq��̧o�mu��rqouplo��sru��ruowrq��rs�o�m�yruz¤��¹p�wl�ºmswqwowrq����
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RSTTSUV�WXYZS[X\XU]̂_̀_̀_a�b̀c̀_a�__̀d̀_RSUTSUV�eŜfZ]X�WX̂ghZ]SgUìja�__̀k̀ia�__̀k̀_la�_k̀_a�_b̀c̀ba�_b̀c̀m̀_a�_b̀k̀_a�_b̀k̀ca�_b̀d̀_nopqrs�tuv�wtxypursz�{u|}stuxr~~����n������{������������~~�RgUT̂a��SXU�j̀k̀j̀da�ì_l̀kRgUT̂a��X[�g[\�U�X��UT����\XU]�j̀k̀j̀da�ìm̀ja�ì_l̀ka�__̀k̀ia�__̀dRZShTSUV��X[\S]�c̀c̀ca�k̀j̀_�t�p�tqp�t�pou~���X[]S�S��]X�g���Z�̂]�U]S�h��g\fhX]SgU�ì�̀ka�ì�̀da�ì�̀b�rs�p�pxt�r|��os��tz�ru�d̀c̀ca�ìk̀ka����a�ìba�ìm̀_a�ìm̀ma�ìja�ì_l̀_a�ì_l̀ka�_b̀_̀k�X[]S�S��]X̂�g���ÛfX�]SgUa��X̂]SUV�g[� ff[g¡�h_k̀b̀d�X[]S�S��]X̂�g���ÛZ[�U�X�ìk̀ca�ì_l̀ca�__̀_̀k�ytu¢r��svrs|�_̀_̀_a�c̀da�k̀d̀ca�k̀j̀da�k̀�̀ca�k̀__a�k̀_c̀�a�d̀c̀_ca�d̀c̀_ka�d̀c̀_da�b̀c̀ka�j̀_̀_a�j̀_̀ca�£��a�j̀k̀ca�j̀k̀da�j̀k̀ma�j̀k̀ia�j̀k̀_la��̀k̀_a�ìk̀_̀_a�ì_l̀ka�_l̀k̀ca�__̀k̀_̀ca�__̀k̀da�__̀k̀ia�_c̀_̀ca�_b̀_̀k�¤�UVX�¥[TX[̂a�eX�SUS]SgU�g��j̀c�¤�UVX̂�j̀_�¦��§���{��̈¦��©��ªc̀c̀_a�k̀d̀ca�k̀__a�k̀_c̀�a�d̀c̀_ka�d̀c̀_da�£a��̀k̀_a�ìk̀_̀_�qtp�|��eX�SUS]SgU�g�~«�~�~�¬�{w�������{���̈ ��_̀_̀�a�k̀c̀da�k̀j̀ba�m̀_̀_a�j̀k̀ia��̀k̀ca�ìk̀ka�ì_l̀ka�ì_l̀da�_l̀k̀ka�~«a�_b̀d�qtp�|��os��vvp�poutq��o|�k̀c̀da�k̀j̀ba�m̀_̀_a�j̀k̀ia�ì_l̀ka�ì_l̀da�_l̀k̀ca�_l̀da�~«�~���qtp�|��os��vvp�poutq�̈p�rk̀c̀da�k̀j̀ba�ja��̀k̀ca�_l̀da�~«�~�«�gU�X�hXT�g[�U®UḡU��gUTS]SgÛa��h�S\̂��g[k̀j�h�S\̂��g[�e�\�VX̂k̀c̀da�k̀_�a�m̀_̀_a�m̀c̀ba��̀k̀ca�ìk̀ka�ìb̀_̀ca�ì_l̀ca�ì_l̀ba�_l̀k̀ka�__̀_̀_a�__̀k̀ba�__̀k̀ja�_b̀_̀m�qrtupu¢�����~«a�m̀k�g\\XU�X\XU]�g���]�]Z]g[���S\S]�]SgU��X[SgT�_k̀j

�g\\XU�X\XU]�g��]¤X�°g[®a�eX�SUS]SgU�g��̀_̀c�g\\ZUS��]SgÛa�¥̄ UX[�]g� [�¤S]X�]�c̀c̀m�g\\ZUS��]SgÛa�¥̄ UX[�]g��gÛ][Z�]SgU�±�U�VX[�c̀c̀m�g\\ZUS��]SgÛa�¥̄ UX[�]g��gU][��]g[c̀c̀m�o��}upxt�pou|�²txpqp�t�pu¢��ou�stx���v�pup|�st�pouk̀ì_a�����³��w�¬�̈ {������́ w��̈ ��������o��qr�pou���}µ|�tu�ptq�d̀c̀_ba��̀_̀_a��̀_̀ka��̀c̀ka�ìd̀k̀ka���¶a�ìì_a�ì_l̀ka�_c̀c̀_a�_c̀c̀ca�_k̀j�ouxrtqrv�os��u·uo̧u��ouvp�pou|��£��a�d̀c̀�a��̀k̀_a�_l̀k�gUTS]SgÛ�g��]¤X��gU][��]�_̀_̀_�ou|oqpvt�pou�os�¹opuvrs~«��������̈���̈ {���ń ��©�������ń ��̈ ¦������̈ ���̈ ���_̀_̀da�³�gÛ][Z�]SgU��¤�UVX�eS[X�]S¡Xa�eX�SUS]SgU�g��j̀k̀_�ou|�s}x�pou��ytu¢r��psrx�pºr|_̀_̀_a�k̀d̀ca�k̀_c̀�a�d̀c̀_ca�d̀c̀_ka�j̀_̀_a�j̀_̀ca�j̀_̀ka�£��a�ìk̀_̀_�gÛ][Z�]SgU�±�U�VX[a�RZShTSUV��X[\S]̂c̀c̀c�gÛ][Z�]SgU�±�U�VX[a��g\\ZUS��]SgÛ�]¤[gZV¤d̀c̀m�gÛ][Z�]SgU�±�U�VX[a��gÛ][Z�]SgU���¤XTZhXk̀_l̀_a�k̀_l̀k����̈���̈ {���w���§����gÛ][Z�]SgU�±�U�VX[a�eX�SUS]SgU�g�d̀_̀c�gÛ][Z�]SgU�±�U�VX[a�eg�Z\XU]̂��UT���\fhX̂��]�]¤X��S]Xk̀__�gÛ][Z�]SgU�±�U�VX[a�»¼]XU]�g�� Z]¤g[S]�k̀_c̀ja�k̀_c̀�a�d̀_̀ka�d̀c̀_a�d̀c̀da�d̀c̀ba�d̀c̀ia�j̀_̀ca�j̀ca�j̀k̀_a��̀ka�ìk̀_a�ìd̀_a�ìd̀ca�ìd̀ka�ì�̀ca�ì�̀ka�ì�̀da�ìì_a�_c̀_a�_c̀c̀_a�_d̀c̀ca�_d̀c̀d�gÛ][Z�]SgU�±�U�VX[a��S\S]�]SgÛ�g�� Z]¤g[S]���UT�WX̂fgÛS�ShS]�d̀c̀ba�d̀c̀�a�_k̀d̀c�gÛ][Z�]SgU�±�U�VX[a��Z�\S]]�ĥd̀c̀i�gÛ][Z�]SgU�±�U�VX[½̂� TTS]SgU�h��X[¡S�X̂��UT�»¼fXÛX̂_c̀c̀_
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RSTUVWXYVZST�[\T\]̂W_U�̀abZTZUVW\VZST�Sc�Vd̂�RSTVW\YVefgh�ifeh�ifjRSTUVWXYVZST�[\T\]̂W_U�̀kkWSl\mgfeh�nfopfoh�nfopfgRSTUVWXYVZST�[\T\]̂W_U�̀XVdSWZVq�VS�r̂ŝYV�tSWuefgfvh�ogfgfoRSTUVWXYVZST�[\T\]̂W_U�ŵYZUZSTUxfnfxh�xfnfih�ifefoh�ifjfoRSTUVWXYVZST�[\T\]̂W_U�yTUk̂YVZSTUefgfvh�ifvfnh�ififgRSTUVWXYVZST�[\T\]̂W_U�zT{|ZV̂�z}ÛWl\VZSTUifjfoRSTUVWXYVZST�[\T\]̂W_U�r̂m\VZSTUdZk�~ZVd�̀WYdZV̂YVofofgh�efgfoh�efgfxh�efgfvh�efgfih�efgfonh�efgfojh�efgfo�h�efgfgph�ifgfoh�ifefgh�ifjh�if�foh�if�fnh�ifvfgh�ifvfnh�ifvfeh�ififoh�ifopfoh�ifopfgh�ifopfnh�oofofnh�ogfgfeh�onfjfoh�onfjfgh�onfjfeh�oefgfgh�oefgfeRSTUVWXYVZST�[\T\]̂W_U�r̂m\VZSTUdZk�~ZVd�RSTVW\YVSWnfgfgh�nfgfnh�nfnfoh�nfjh�nfopfoh�nfopfgh�nfopfnh�nfooh�nfogfjh�nfogf�h�nfogfxh�nfogfvh�nfogfih�nfogfoph�nfonfgh�nfoefgh�nfojfgh�nfo�h�nfoxh�nfovfoh�efgfeh�efgfjh�efgf�h�efgfih�efgfoeh�efgfoxh�efgfgph�jfgh��fgfoh��fgfgh�xfofgh�xfgh�xfnfjh�xfnfxh�xfnfoph�vfnfoh�ifgh�ifnfoh�ifefoh�ifefgh�ifxh�ifvfgh�ifvfnh�ifvfeh�ififoh�ifopfoh�ifopfgh�ifopfnh�opfoh�opfnh�oofnfxh�ogfoh�onfjfoh�onfjfgh�onfjfnh�onfjfeRSTUVWXYVZST�[\T\]̂W_U�r̂m\VZSTUdZk�~ZVd�z~T̂W�gfgfgh�efgfoh�opfnfgRSTUVWXYVZST�[\T\]̂W_U�r̂m\VZSTUdZk�~ZVd�zVd̂W�RSTVW\YVSWU�\Ta�z~T̂W_U�z~T��SWŶU�efgfeRSTUVWXYVZST�[\T\]̂W_U�r̂m\VZSTUdZk�~ZVd�|X}YSTVW\YVSWUefgfvh�jfnh�if�fnh�if�feRSTUVWXYVZST�[\T\]̂W_U�|ZV̂��ZUZVUifjfoRSTUVWXYVZST�|Yd̂aXm̂Uh�RSTVW\YVSW_Unfoph�nfogfoh�nfogfgh��fofgh�ojfofjfg����������������������������������������h�oefgfgfg�����������������������������������������������ŵcZTZVZST�Sc������������������� ¡���¡�������¢�����¡����£��¤��jfefofoh�oofnfih���RSTVW\YV�̀abZTZUVW\VZSTnfofnh�efgh�ifeh�ifjRSTVW\YV�̀~\Wa�\Ta�¥¦̂YXVZSTh�RSTaZVZSTU�r̂m\VZT]�VSnfxfoh�nfoph�jfgh��foh�oofofnh�oofnf�h�oofefoRSTVW\YV�wSYXb̂TVUh�RSkẐU��XWTZUd̂a�\Ta�§Û�Sc�ofjfgh�gfgfjh�jfn���������̈����������ŵcZTZVZST�Sc�����

RSTVW\YV�©̂WcSWb\TŶ�wXWZT]�̀W}ZVW\VZST�ojfofn�������������nfxfeh�nfxfjh�nfvh�nfopfgh�jfgfnh�xfgh�xfnh�xfeh�ª����ifgh�ifjfofeh�if�fxh�ifxh�opfnfgh�oofnfofoh�ogfnh�oefgfeh�oefnfgh�ojfofeh�ojfgfjRSTVW\YV�«Zb̂nfxfeh�nfxfjh�eh�nfopfgh�jfgfnh�xfgfnh�xfnfoh�xfnfjh�xfnfoph�xfeh�vfofoh�vfgfoh�vfgfnh�vfnfoh�ifjfoh�ifxh�opfnfgh�ogfofoh�oefnfgh�ojfofjfoh�ojfgfjRSTVW\YV�«Zb̂h�ŵcZTZVZST�Scvfofo������������RSTVW\YVSWh�ŵcZTZVZST�Sc�nfofo����������¬������������������®�̄������°h�nfogfoh�nfogfgh��fofnh�ojfofjfgRSTVW\YVSW_U�¥bkmSq̂ Ûnfnfgh�nfefnh�nfvfoh�nfih�nfovfgh�efgfnh�efgf�h�opfgh�opfnh�oofofoh�oofnfxh�oefoh�oefgfofo����������¬��±����̄��²�¡������������RSTVW\YVSW_U�r̂m\VZSTUdZk�~ZVd�zVd̂W�RSTVW\YVSWU�\Ta�z~T̂W_U�z~T��SWŶUnfogfjh�nfoefgh�efgf�h��h�oofnh�ogfofgh�ogfgfeRSTVW\YVSW_U�r̂m\VZSTUdZk�~ZVd�|X}YSTVW\YVSWU�ofgfgh�nfnfgh�nfovh�jh�if�fgh�if�fxh�ifopfgh�oofnfofgh�oofnfxh�oofnfvh�oefgfofgRSTVW\YVSW_U�r̂m\VZSTUdZk�~ZVd�Vd̂�̀WYdZV̂YVofofgh�ofjh�nfgfgh�nfgfnh�nfgfeh�nfefgh�nfjh�nfxfeh�nfopfoh�nfooh�nfogh�nfo�h�nfovh�jfgh��fgfgh�xh�vfnfoh�ifgh�ifnh�ifeh�ifjh�ifxh�ifvh�ifih�opfgf�h�opfnh�oofnfxh�ogh�onfjh�ojfofgh�ojfgfoRSTVW\YVSW_U�r̂m\VZSTUdZk�~ZVd�Vd̂�RSTUVWXYVZST�[\T\]̂W�ofofgh�nfgfgh�nfgfnh�nfnfoh�nfjh�nfopfoh�nfopfgh�nfopfnh�nfooh�nfogfjh�nfogfxh�nfogfih�nfogfoph�nfonfgh�nfoefgh�nfojfoh�nfo�h�nfoxh�nfovfoh�efgfeh�efgfjh�jfgh��fgfoh��fgfgh�xfofgh�xfnfjh�xfnfxh�xfnfoph�vfnfoh�ifgh�ifnfoh�ifefoh�ifefgh�ifvfgh�ififoh�ifopfoh�ifopfgh�ifopfnh�opfoh�opfgf�h�opfnh�oofnfxh�ogfoh�onfjfoh�onfjfgh�onfjfnh�onfjfeRSTVW\YVSW_U�r̂kŴÛTV\VZSTU�nfgfoh�nfgfgh�nfjh�nfogf�h��fgfgh�vfgfoh�ifnfnh�ifvfgRSTVW\YVSW_U�r̂UkSTUZ}ZmZVq�cSW�«dSÛ�©̂WcSWbZT]�Vd̂�tSWu�nfnfgh�nfovh�jfnh��fofnh��fgh�ifjfoh�opfgfvRSTVW\YVSW_U�r̂lẐ~�Sc�RSTVW\YV�wSYXb̂TVU�nfgRSTVW\YVSW_U�rZ]dV�VS�|VSk�Vd̂�tSWu�ifxRSTVW\YVSW_U�rZ]dV�VS�«̂WbZT\V̂�Vd̂�RSTVW\YVoefoRSTVW\YVSW_U�|X}bZVV\mU�nfopfgh�nfooh�nfogh�efgfih�ifgh�ifnh�ifvfgh�ififoh�ifopfgh�ifopfnh�oofofnh�oofefg
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QRSTUVWXYZ[�VZ\�]V̂[_̀ab�c̀d̀cb�c̀eb�c̀fb�c̀_d̀_gb�c̀_cb�h̀_̀_b�ìèhb�ìì_b�_g̀d̀db�__̀_b�__̀hb�_c̀_b�_c̀hb�_c̀à_b�_c̀àdb�_c̀eb�_h̀_̀_b�_h̀d̀_b�_àd̀jb�_àhQRkRlWXYZ�Ym�nYopc̀ab�h̀d̀jb�_d̀d̀_QRURV[R[�Ym�VZ\�nVXqRo[�VZ\�Ym�]XRZ[ì_g̀d�QRroR[RZWVWXYZ[_̀cb�d̀d̀_b�c̀ab�c̀_db�èd̀db�j̀d̀_b�ìc̀cb�ìh̀cb�ìà_b�ìj̀db�ì_g̀_�QRroR[RZWVWXqR[d̀_̀_b�c̀_̀_b�c̀ib�h̀_̀_b�h̀d̀_b�h̀d̀db�h̀d̀_gb�à_̀_b�à_̀db�_c̀d̀_�QRsTR[W[�mYo�tZmYouVWXYZh̀d̀dgQR[YUTWXYZ�Ym�vUVXu[�VZ\�wX[rTWR[_a�QR[rYZ[XxXUXWy�mYo�z{Y[R�|RomYouXZS�W{R�nYopc̀c̀db�c̀f̀cb�c̀_d̀jb�c̀_jb�h̀d̀db�h̀d̀ab�h̀d̀jb�àcb�è_̀db�èdb�ècb�ìà_b�ìj̀db�_g�QRWVXZVSRìc̀_b�ìèdb�ìj̀ab�ìì_b�ì_g̀db�ì_g̀c�}~��~�������������������~����������~���������������������������_̀d̀db����b�c̀f̀cb�c̀_d̀fQRqXR̂�Ym�vYZWoVlWYo�[��TxuXWWVU[�xy��̂ ZRob�vYZ[WoTlWXYZ��VZVSRo�VZ\��ol{XWRlWc̀_g̀_b�c̀_g̀db�c̀__b�c̀_db�h̀db�àdb�àdb�ìdb�ìj̀d�QRqXR̂�Ym��{Yr�woV̂XZS[b�|oY\TlW�wVWV�VZ\��VurUR[�xy�vYZWoVlWYoc̀_d̀a�}����������}~�~��~�_̀_̀db�d̀cb�d̀hb�c̀f̀hb�c̀_àdb�h̀d̀jb�àcb�àhb�è_b�ècb�f̀c̀_b�j̀cb�ìà_b�ìfb�_g̀d̀ab�_g̀cb�_d̀d̀db�_d̀d̀hb�����b�_hb�_àh}������~��� ��~����������¡����������¢�QTUR[�VZ\�£YWXlR[�mYo��oxXWoVWXYZ_àh¤��~������ ~���������� ��¡~����¥��b�_g̀cb�_g̀h¤��~��� �~������������� �������c̀c̀_b�c̀_db�h̀d̀ab�àcb��¥��b�_g̀db�_g̀cb�_g̀h�VurUR[b�wRmXZXWXYZ�Ym�c̀_d̀c�¤��¡�~���¤��¡����������� ���������������c̀__b�����b�h̀d̀ib�h̀d̀_g¤��¡�~�������~�¤��~�������~������������¤��~���~����¦���~�§��b�ìc̀_��l{R\TUR[b�vYZ[WoTlWXYZc̀_gb�c̀_d̀_b�c̀_d̀db�è_̀db�_à_̀àd�RrVoVWR�vYZWoVlW[�VZ\�vYZWoVlWYo[_̀_̀hb�c̀_d̀ab�c̀_h̀db�h̀d̀eb�h̀d̀__b�eb�j̀c̀_b�_d̀_̀d

�{Yr�woV̂XZS[b�wRmXZXWXYZ�Ymc̀_d̀_�¤��¡����������� ����������������¤��¡�~��c̀__b�����b�h̀d̀ib�h̀d̀_gb�h̀d̀_h¤��~��̈�~�������b�è_̀_b�èd̀_��XWR�tZ[rRlWXYZ[c̀d̀db�c̀c̀cb�c̀f̀_b�c̀f̀hb�h̀d̀db�h̀d̀cb�h̀d̀_ab�ìh̀c̀cb�ìj̀cb�ììdb�ì_g̀_b�_c̀a��XWR�©X[XW[b��ol{XWRlW�[c̀f̀hb�h̀d̀db�h̀d̀_ab�ìj̀cb�ììdb�ì_g̀_b�_c̀a��rRlXVU�tZ[rRlWXYZ[�VZ\�zR[WXZSh̀d̀jb�_d̀d̀_b�_c̀a��rRlXmXlVWXYZ[b�wRmXZXWXYZ�Ym_̀_̀e�¤¡~�����������_̀_̀_b�����ªb�_̀d̀db�_̀ab�c̀__b�c̀_d̀_gb�c̀_fb�h̀d̀_h�WVmmXZS�|UVZh̀d̀c�WVWTWR�Ym�]XuXWVWXYZ[_d̀d̀ab�_c̀fb�_àh̀_̀_�WYrrXZS�W{R�nYopd̀cb�ìfb�_g̀cb�_h̀_��WYoR\��VWRoXVU[èd̀_b�ìc̀db�_g̀d̀_̀db�_g̀d̀h�TxlYZWoVlWYob�wRmXZXWXYZ�Ymà_̀_�¤̈ «�¬®}̄ �®¬}¤°��TxlYZWoVlWYo[b�nYop�xy_̀d̀db�c̀c̀db�c̀_d̀_b�h̀d̀ab�àd̀cb�àcb�àhb�ìc̀_̀db�ìèf¤��������������}~�������°��b�àhb�ìc̀_̀db�ìèdb�ìècb�ì_gb�_g̀d̀_b�_h̀_b�_h̀d�TxuXWWVU[c̀d̀cb�c̀_gb�c̀__b�c̀_db�h̀d̀ib�h̀d̀_gb�h̀d̀__b�àd̀_b�àd̀cb�f̀c̀fb�ìdb�ìcb�ìjb�ìì_b�ì_g̀db�ì_g̀cb�__̀_̀c��TxuXWWVU��l{R\TURc̀_g̀db�c̀_d̀ab�h̀d̀ib�h̀d̀_g¤������������±���~�����è_̀_b������¢�¤��������������¡�~����j̀_̀_b�j̀_̀cb�j̀d̀cb�ìh̀c̀cb�§�²b�ìì_b�ì_g̀cb�_d̀d̀_b�_d̀d̀db�_c̀f��Tx[WVZWXVU�vYurURWXYZb�wRmXZXWXYZ�Ymìj̀_��Tx[WXWTWXYZ�Ym��TxlYZWoVlWYo[àd̀cb�àd̀h��Tx[WXWTWXYZ�Ym��ol{XWRlWh̀_̀h�Tx[WXWTWXYZ�Ym�vYZ[WoTlWXYZ��VZVSRoh̀_̀h��Tx[WXWTWXYZ[�Ym��VWRoXVU[c̀h̀db�c̀ab�f̀c̀j�Tx³[TxlYZWoVlWYob�wRmXZXWXYZ�Ymà_̀d��Tx[TomVlR�vYZ\XWXYZ[c̀f̀h
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QRSSTUUVWU�XYZ�[UU\]YU_̂̀a�QRbTW\YcTYZTYc_̀de�fghihj�QRbTWk\U\VY�XYZ�lVYUcWRSc\VY�mWVSTZRWTUfhihie�_̀_e�nhoe�nhfihfge�ohihie�ohihne�ohihpe�ohihqe�ohihre�ohihfge�ohihffe�jhfhne�jhihoe�shfhne�shnhse�qhie�qhnhfe�rhohnhne�fge�fie�foe�fphfhntuvwxyphohfhie�rhqhpe�rhfghie�rhfghne�fohihie�fphihstuvwxye�z{|}w|x�{~rhfghie�rhfghn�tuv�wy}fhfhse�ihihn�QRUbTYU\VY����c�T���YTW��VW�lVYkTY\TYST�̂̀_�tu}�w|}�{|�{~�x�w��{v�phohie�fohn�tu}�w|}�{|�{v��wv��|�x�{|�{~�x�w�z{|xv��xphohfhfe�fo��X�TU_̀�e�nhqhihfe�shnhsho��TW�\YXc\VY����c�T�lVYcWXScVW�̂̂̀ e�fphfhj�TW�\YXc\VY����c�T���YTW��VW�lXRUTphohfhfe�̂�̀ae�fphfhj�TW�\YXc\VY����c�T���YTW��VW�lVYkTY\TYST�̂̀��wv��|�x�{|�{~�x�w�z{|xv��x{vfohihi�������[��������Q�Qm��Q�����������l����[l��̂��TUcU�XYZ��YUbTSc\VYUnhfhoe�nhnhne�ohihie�ohihje�ohihqe�rhohnhne�rhqhne�rhrhie�rhfghfe�fghnhie�fihihfe�̂_̀���������\�T���T X�U�XYZ���cTYU\VYU�V�nhihoe�nhshoe�phihne�shie�shnhfe�shoe��̀_e�rhphfe�fghnhie�fohnhie�fphfhpe�fphihp����w�¡���x}ihfhie�ihie�ihoe�nhihie�nhfge�nhffe�nhfihpe�nhfphfe�ohihfe�phie�phne�phoe�jhihoe�shne�shoe�qhie�rhie�rhnhfe�rhnhne�rhohfe�rhohie�rhpe�rhje�rhse�rhqe�rhre�rhfge�ffhfhne�ffhoe�fihie�fnhpe�fnhse�foe�fp�\�T�¢\�\cU�VY�l X\�Unhshoe�fghihqe�̂_̀£e�fphfhi��x¤w�x{��{v�rhnhie�rhnhn�
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RST�UVWRXYZRVX�[SY\\�]ŶT�U\Y_][�_W�̀X_R_Wa�Y[�bXVc_dTd�_W�eXR_Z\T�fgh�ij�RST�UVWRXYZRVX�jY_\[�RV�bTXjVX]�RST�Vk\_aYR_VW[�Vj�lTZR_VW[�mhnhn�VX�mhnhmo�RST�UVWRXYZRVX�[SY\\�bYp�[qZS�ZV[R[�YWd�dY]YaT[�RV�RST�r̀ WTX�Y[�̀Vq\d�SYcT�kTTW�YcV_dTd�_j�RST�UVWRXYZRVX�SYd�bTXjVX]Td�[qZS�Vk\_aYR_VW[h�ij�RST�UVWRXYZRVX�bTXjVX][�RSV[T�Vk\_aYR_VW[o�RST�UVWRXYZRVX�[SY\\�WVR�kT�\_Yk\T�RV�RST�r̀ WTX�VX�eXZS_RTZR�jVX�dY]YaT[�XT[q\R_Wa�jXV]�TXXVX[o�_WZVW[_[RTWZ_T[�VX�V]_[[_VW[�_W�RST�UVWRXYZR�sVZq]TWR[o�jVX�d_jjTXTWZT[�kTR̀TTW�j_T\d�]TY[qXT]TWR[�VX�ZVWd_R_VW[�YWd�RST�UVWRXYZR�sVZq]TWR[o�VX�jVX�WVWZVWjVX]_R_T[�Vj�RST�UVWRXYZR�sVZq]TWR[�RV�Ybb\_ZYk\T�\Ỳ[o�[RYRqRT[o�VXd_WYWZT[o�ZVdT[o�Xq\T[�YWd�XTaq\YR_VW[o�YWd�\Ỳjq\�VXdTX[�Vj�bqk\_Z�YqRSVX_R_T[ht�uvwvx�ySTXT�Tz_[R_Wa�ZVWd_R_VW[�YXT�Vk[ZqXTd�VX�ZVWZTY\Td�jXV]�RST�r̀ WTX�VX�eXZS_RTZR{[�c_T̀�bX_VX�RV�RST�[RYXR�Vj�RS_[�|XV}TZR{[�ZVW[RXqZR_VW�YZR_c_R_T[o�bVXRXYpY\�Vj�[qZS�ZVWd_R_VW[�_W�RST�dVZq]TWR[�_[�kY[Td�VW�XTY[VWYk\T�_]b\_ZYR_VW[�YWd�Y[[q]bR_VW[h��~ST�r̀ WTX�YWd�eXZS_RTZR�dV�WVR�_]b\p�VX�aqYXYWRTT�RV�RST�UVWRXYZRVX�_W�YWp�̀Yp�RSYR�[qZS�bVXRXYpY\[�_W�RST�sVZq]TWR[�YXT�YZZqXYRT�VX�RXqTh����������|Sp[_ZY\�_WcT[R_aYR_VW[�YWd�RT[R_Wa�Vj�Tz_[R_Wa�ZVWd_R_VW[�̀TXT�WVR�qWdTXRŶTW�kp�RST�eXZS_RTZRo�qW\T[[�[V�_Wd_ZYRTd�_W�RST�UVWRXYZR�sVZq]TWR[h�����������~ST�UVWRXYZRVX�]Yp�[qk]_R�XT�qT[R[�jVX�_WjVX]YR_VW�RV�RST�eXZS_RTZR�RV�ST\b�jYZ_\_RYRT�RST�UVWRXYZRVX{[�bTXjVX]YWZT�Vj�RST�ZVWRXYZRh��|X_VX�RV�[qk]_RR_Wa�TYZS�XT�qT[R�jVX�_WjVX]YR_VWo�RST�UVWRXYZRVX�[SY\\�j_X[R�ZYXTjq\\p�[Rqdp�YWd�ZV]bYXT�RST�UVWRXYZR�sVZq]TWR[o�j_T\d�ZVWd_R_VW[o�VRSTX�r̀ WTX�bXVc_dTd�_WjVX]YR_VWo�UVWRXYZRVX�bXTbYXTd�UVVXd_WYR_VW�sXỲ_Wa[o�YWd�bX_VX�|XV}TZR�ZVXXT[bVWdTWZT�YWd�dVZq]TWRYR_VW�RV�dTRTX]_WT�RSYR�RST�_WjVX]YR_VW�RV�kT�XT�qT[RTd�_[�WVR�XTY[VWYk\p�VkRY_WYk\T�jXV]�[qZS�[VqXZT[h�����������YZS�XT�qT[R�jVX�_WjVX]YR_VW�[SY\\�kT�[qk]_RRTd�RV�RST�UVW[RXqZR_VW��YWYaTXo�_W�̀X_R_Wah���YZS�XT�qT[R�jVX�_WjVX]YR_VW�[SY\\�_dTWR_jp�RST�[bTZ_j_Z�[VqXZT[�̀S_ZS�̀TXT�XTc_T̀Td�kp�RST�UVWRXYZRVX�_W�YW�TjjVXR�RV�dTRTX]_WT�RST�_WjVX]YR_VW�XT�qT[RTdo�YWd�Y�[RYRT]TWR�RV�RST�TjjTZR�RSYR�RST�_WjVX]YR_VW�kT_Wa�XT�qT[RTd�ZVq\d�WVR�kT�dTRTX]_WTd�jXV]�[qZS�[VqXZT[h����������~ST�UVWRXYZRVX�[SY\\�[qk]_R�TYZS�XT�qT[R�jVX�_WjVX]YR_VW�[qjj_Z_TWR\p�_W�YdcYWZT�Vj�RST�dYRT�kp�̀S_ZS�[qZS�_WjVX]YR_VW�_[�XT�qT[RTd�_W�VXdTX�RV�Y\\V̀�RST�eXZS_RTZR�[qjj_Z_TWR�R_]To�_W�RST�eXZS_RTZR{[�bXVjT[[_VWY\�}qda]TWRo�RV�bTX]_R�YdT�qYRT�XTc_T̀�YWd�XT[bVW[T�YWd�RV�bTX]_R�UVWRXYZRVX�ZV]b\_YWZT�̀_RS�RST�\YRT[R�ZVW[RXqZR_VW�[ZSTdq\Th����������~ST�UVW[RXqZR_VW��YWYaTX�[SY\\�]Y_WRY_W�Y�\Va�YR�RST�|XV}TZR�[_RT�RSYR�[T�qTWR_Y\\p�Wq]kTX[�YWd�\_[R[�TYZS�XT�qT[R�jVX�_WjVX]YR_VWh��~S_[�\Va�[SY\\�ZVWRY_W�RST�sXỲ_Wa[�XTjTXTWZT�VX�lbTZ_j_ZYR_VW�[TZR_VW�RV�̀S_ZS�RST�XT�qT[R�bTXRY_W[o�RST�dYRT�Vj�RST�XT�qT[Ro�RV�̀SV]�RST�XT�qT[R�̀Y[�]YdTo�kp�̀SV]�RST�XT�qT[R�̀Y[�]YdTo�RST�WYRqXT�Vj�RST�XT�qT[Ro�YWd�RST�eXZS_RTZR{[�XT[V\qR_VW�RSTXTVjh��~S_[�\Va�[SY\\�kT�XTc_T̀Td�YR�TYZS�|XV}TZR�]TTR_Wa�YWd�RST�[RYRq[�Vj�RST�XT�qT[R[�jVX�_WjVX]YR_VW�[SY\\�kT�]YdT�bYXR�Vj�RST�]_WqRT[�Vj�[qZS�]TTR_Wa[h����������~ST�UVWRXYZRVX�[SY\\�XT_]kqX[T�RST�r̀ WTX�Y]VqWR[�ZSYXaTd�RV�RST�r̀ WTX�kp�RST�eXZS_RTZR�VX�UVW[RXqZR_VW��YWYaTX�jVX�XT[bVWd_Wa�RV�UVWRXYZRVX�XT�qT[R[�jVX�_WjVX]YR_VW�̀STXT�[qZS�_WjVX]YR_VW�_[�YcY_\Yk\T�RV�RST�UVWRXYZRVX�jXV]�Y�ZYXTjq\�[Rqdp�YWd�ZV]bYX_[VW�Vj�RST�UVWRXYZR�sVZq]TWR[o�j_T\d�ZVWd_R_VW[o�VRSTX�r̀ WTX�bXVc_dTd�_WjVX]YR_VWo�UVWRXYZRVX�bXTbYXTd�UVVXd_WYR_VW�sXỲ_Wa[o�VX�bX_VX�|XV}TZR�ZVXXT[bVWdTWZT�VX�dVZq]TWRYR_VWh�����������������������������������������������������~ST�UVWRXYZRVX�[SY\\�[qbTXc_[T�YWd�d_XTZR�RST�yVX̂o�q[_Wa�RST�UVWRXYZRVX{[�kT[R�[̂_\\�YWd�YRRTWR_VWh�~ST�UVWRXYZRVX�[SY\\�kT�[V\T\p�XT[bVW[_k\T�jVXo�YWd�SYcT�ZVWRXV\�VcTXo�ZVW[RXqZR_VW�]TYW[o�]TRSVd[o�RTZSW_�qT[o�[T�qTWZT[�YWd�bXVZTdqXT[�YWd�jVX�ZVVXd_WYR_Wa�Y\\�bVXR_VW[�Vj�RST�yVX̂�qWdTX�RST�UVWRXYZRo�qW\T[[�RST�UVWRXYZR�sVZq]TWR[�a_cT�VRSTX�[bTZ_j_Z�_W[RXqZR_VW�ZVWZTXW_Wa�RST[T�]YRRTX[h�ij�RST�UVWRXYZR�sVZq]TWR[�a_cT�[bTZ_j_Z�_W[RXqZR_VW[�ZVWZTXW_Wa�ZVW[RXqZR_VW�]TYW[o�]TRSVd[o�RTZSW_�qT[o�[T�qTWZT[�VX�bXVZTdqXT[o�RST�UVWRXYZRVX�[SY\\�TcY\qYRT�RST�}Vk[_RT�[YjTRp�RSTXTVj�YWdo�TzZTbR�Y[�[RYRTd�kT\V̀o�[SY\\�kT�jq\\p�YWd�[V\T\p�XT[bVW[_k\T�jVX�RST�}Vk[_RT�[YjTRp�Vj�[qZS�]TYW[o�]TRSVd[o�RTZSW_�qT[o�[T�qTWZT[�VX�bXVZTdqXT[h�ij�RST�UVWRXYZRVX�dTRTX]_WT[�RSYR�[qZS�]TYW[o�]TRSVd[o�RTZSW_�qT[o�[T�qTWZT[�VX�bXVZTdqXT[�]Yp�WVR�kT�[YjTo�RST�UVWRXYZRVX�[SY\\�a_cT�R_]T\p�̀X_RRTW�WVR_ZT�RV�RST�r̀ WTXo�RST�UVW[RXqZR_VW��YWYaTXo�YWd�RST�eXZS_RTZR�YWd�[SY\\�WVR�bXVZTTd�̀_RS�RSYR�bVXR_VW�Vj�RST�yVX̂�̀_RSVqR�jqXRSTX�̀X_RRTW�_W[RXqZR_VW[�jXV]�RST�eXZS_RTZRo�RSXVqaS�RST�UVW[RXqZR_VW��YWYaTXh�~ST�UVWRXYZRVX�[SY\\�kT�XT[bVW[_k\T�jVX�YWd�ZVVXd_WYRT�YWp�YWd�Y\\�_W[bTZR_VW[�XT�q_XTd�kp�YWp�aVcTXW]TWRY\�kVdp�SYc_Wa�}qX_[d_ZR_VW�VcTX�RST�bXV}TZRh���Y_\qXT�RV�VkRY_W�YWp�bTX]_R[o�\_ZTW[T[�VX�VRSTX�YbbXVcY\[�kTZYq[T�Vj�RST�jY_\qXT�Vj�RST�UVWRXYZRVX�RV�ZVWjVX]�RV�RS_[�XT�q_XT]TWR�[SY\\�WVR�TzRTWd�RST�UVWRXYZR�R_]To�YWd�RST�UVWRXYZRVX�[SY\\�WVR�kT�TWR_R\Td�RV�YWp�_WZXTY[T�_W�RST�ZVWRXYZR�[q]�RSTXTjVXh��iW�Ydd_R_VWo�YWp�Ydd_R_VWY\�ZV[R[�YWd�VX�TzbTW[T[�Vj�YWp�WYRqXT�_WZqXXTd�kp�RST�r̀ WTX�Y[�Y�XT[q\R�Vj�RST�UVWRXYZRVX{[�jY_\qXT�RV�ZVWjVX]�
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RS�RTUV�WXYZUWX[X\R�VT]̂̂�_S\VRURZRX�]�_T]ẀX�]̀]U\VR�RTX�aS\RW]_RSWbV�_S\RW]_Rc��d]_T�_S\RW]_RSW�VT]̂̂�eX�WXVfS\VUêX�gSW�_S[f̂hU\̀�iURT�Z\US\�WX̀Ẑ]RUS\V�XjUVRU\̀�Z\kXW�_ZWWX\R�̂]eSW�]̀WXX[X\RV�U\�fXWgSW[U\̀�_S\VRWZ_RUS\�iSWl�S\�RTX�fWSmX_Rcn�opopq�rTX�aS\RW]_RSW�VT]̂̂�eX�WXVfS\VUêX�RS�RTX�si\XW�gSW�]_RV�]\k�S[UVVUS\V�Sg�RTX�aS\RW]_RSWbV�X[f̂ShXXVt�uZe_S\RW]_RSWV�]\k�RTXUW�]̀X\RV�]\k�X[f̂ShXXVt�]\k�SRTXW�fXWVS\V�fXWgSW[U\̀�fSWRUS\V�Sg�RTX�vSWl�gSWt�SW�S\�eXT]̂g�Sgt�RTX�aS\RW]_RSW�SW�]\h�Sg�URV�uZe_S\RW]_RSWVcn�opopo�rTX�aS\RW]_RSW�VT]̂̂�eX�WXVfS\VUêX�gSW�U\VfX_RUS\�Sg�fSWRUS\V�Sg�RTX�wWSmX_R�]̂WX]kh�fXWgSW[Xk�RS�kXRXW[U\X�RT]R�VZ_T�fSWRUS\V�]WX�U\�fWSfXW�_S\kURUS\�RS�WX_XUxX�VZeVXYZX\R�vSWlcy�z{z{|�}ZWU\̀�fXWUSk�Sg�]_RUxX�aS\VRWZ_RUS\t�_S\VẐR�k]Ûh�]\k�_SSfXW]RX�iURT�RTX�aS\VRWZ_RUS\�~]\]̀XWc��s\�]�k]Ûh�e]VUVt�lXXf�RTX�aS\VRWZ_RUS\�~]\]̀XW�]\k��W_TURX_R�\SRUgUXk�Sg�iTX\�vSWl�iÛ̂�eX�VR]WRU\̀t�WXVR]WRU\̀t�VZVfX\kXk�]\k�RX[fSW]WÛh�SW�fXW[]\X\R̂h�_S\_̂ZkU\̀cn�opop��vURTU\����k]hV�Sg�RTX�k]RX�Sg�RTX��SRU_X�RS�wWS_XXkt�X]_T�aS\RW]_RSW�VT]̂̂�VZe[UR�RS�RTX�aS\VRWZ_RUS\�~]\]̀XW�]\k��W_TURX_R�]�̂UVR�Sg�]̂̂�aS\RW]_RSWbV�fWU\_Uf]̂�VR]gg�]VVÙ\[X\RVt�U\_̂ZkU\̀�RTX�uZfXWU\RX\kX\R�]\k�SRTXW�fXWVS\\X̂�U\�]RRX\k]\_X�]R�RTX�VURX��UkX\RUgh�U\kUxUkZ]̂Vt�RTXUW�kZRUXV�]\k�WXVfS\VUeÛURUXVcn�op���������������������n�op�p���\̂XVV�SRTXWiUVX�fWSxUkXk�U\�RTX�aS\RW]_R�}S_Z[X\RVt�RTX�aS\RW]_RSW�VT]̂̂�fWSxUkX�]\k�f]h�gSW�̂]eSWt�[]RXWU]̂Vt�XYZUf[X\Rt�RSŜVt�_S\VRWZ_RUS\�XYZUf[X\R�]\k�[]_TU\XWht�i]RXWt�TX]Rt�ZRÛURUXVt�RW]\VfSWR]RUS\t�]\k�SRTXW�g]_ÛURUXV�]\k�VXWxU_XV�\X_XVV]Wh�gSW�fWSfXW�XjX_ZRUS\�]\k�_S[f̂XRUS\�Sg�RTX�vSWlt�iTXRTXW�RX[fSW]Wh�SW�fXW[]\X\R�]\k�iTXRTXW�SW�\SR�U\_SWfSW]RXk�SW�RS�eX�U\_SWfSW]RXk�U\�RTX�vSWlcn�op�pq�dj_XfR�U\�RTX�_]VX�Sg�[U\SW�_T]\̀XV�U\�RTX�vSWl�]ZRTSWU�Xk�eh�RTX��W_TURX_R�U\�]__SWk]\_X�iURT�uX_RUS\V��c��c��SW��c�t�RTX�aS\RW]_RSW�[]h�[]lX�VZeVRURZRUS\V�S\̂h�iURT�RTX�_S\VX\R�Sg�RTX�si\XWt�]gRXW�Xx]̂Z]RUS\�eh�RTX��W_TURX_Rt�U\�_S\VẐR]RUS\�iURT�RTX�aS\VRWZ_RUS\�~]\]̀XWt�]\k�U\�]__SWk]\_X�iURT�]�aT]\̀X�sWkXW�SW�aS\VRWZ_RUS\�aT]\̀X�}UWX_RUxXc�������� ��gRXW�RTX�aS\RW]_R�T]V�eXX\�XjX_ZRXkt�RTX�si\XWt�aS\VRWZ_RUS\�~]\]̀XW�]\k��W_TURX_R�iÛ̂�_S\VUkXW�WXYZXVRV�gSW�RTX�VZeVRURZRUS\�Sg�fWSkZ_RV�U\�f̂]_X�Sg�RTSVX�VfX_UgUXk�S\̂h�Z\kXW�RTX�_S\kURUS\V�VXR�gSWRT�U\�RTX�¡X\XW]̂�¢XYZUWX[X\RV�£}UxUVUS\�¤��Sg�RTX�ufX_UgU_]RUS\V¥c�¦h�[]lU\̀�WXYZXVRV�gSW�VZeVRURZRUS\Vt�RTX�aS\RW]_RSW§� �WXfWXVX\RV�RT]R�UR�T]V�fXWVS\]̂̂h�U\xXVRÙ]RXk�RTX�fWSfSVXk�VZeVRURZRX�fWSkZ_R�]\k�kXRXW[U\Xk�RT]R�UR�UV�XYZ]̂�SW�VZfXWUSW�U\�]̂̂�WXVfX_RV�RS�RT]R�VfX_UgUXk����WXfWXVX\RV�RT]R�UR�iÛ̂�fWSxUkX�RTX�V][X�i]WW]\Rh�gSW�RTX�VZeVRURZRUS\�]V�UR�iSẐk�T]xX�fWSxUkXk�gSW�RTX�fWSkZ_R�VfX_UgUXk����_XWRUgUXV�RT]R�RTX�_SVR�k]R]�fWXVX\RXk�UV�_S[f̂XRX�]\k�U\_̂ZkXV�]̂̂�WX̂]RXk�_SVRV�gSW�RTX�VZeVRURZRXk�fWSkZ_R�]\k�gSW�vSWl�RT]R�[ZVR�eX�_T]\̀Xk�]V�]�WXVẐR�Sg�RTX�VZeVRURZRUS\t�Xj_XfR�gSW�RTX��W_TURX_RbV�WXkXVÙ\�_SVRVt�]\k�i]UxXV�]̂̂�_̂]U[V�gSW�]kkURUS\]̂�_SVRV�WX̂]RXk�RS�RTX�VZeVRURZRUS\�RT]R�VZeVXYZX\R̂h�eX_S[X�]ff]WX\R��]\k���VT]̂̂�_SSWkU\]RX�RTX�U\VR]̂̂]RUS\�Sg�RTX�]__XfRXk�VZeVRURZRXt�[]lU\̀�VZ_T�_T]\̀XV�]V�[]h�eX�WXYZUWXk�gSW�RTX�vSWl�RS�eX�_S[f̂XRX�U\�]̂̂�WXVfX_RVcn�op�po�rTX�aS\RW]_RSW�VT]̂̂�X\gSW_X�VRWU_R�kUV_Uf̂U\X�]\k�̀SSk�SWkXW�][S\̀�RTX�aS\RW]_RSWbV�X[f̂ShXXV�]\k�SRTXW�fXWVS\V�_]WWhU\̀�SZR�RTX�vSWlc�rTX�aS\RW]_RSW�VT]̂̂�\SR�fXW[UR�X[f̂Sh[X\R�Sg�Z\gUR�fXWVS\V�SW�fXWVS\V�\SR�fWSfXŴh�VlÛ̂Xk�U\�R]VlV�]VVÙ\Xk�RS�RTX[c������̈�rTX�si\XW�VT]̂̂�eX�X\RUR̂Xk�RS�WXU[eZWVX[X\R�gWS[�RTX�aS\RW]_RSW�gSW�][SZ\RV�f]Uk�RS�RTX�aS\VRWZ_RUS\�~]\]̀XW�]\k��W_TURX_R�gSW�WXxUXiU\̀�RTX�aS\RW]_RSWbV�fWSfSVXk�VZeVRURZRUS\V�gSW�_S\xX\UX\_X�]gRXW�RTX�fXWUSk�\SRXk�U\�}UxUVUS\�¤��uX_RUS\�©uZeVRURZRUS\�wWS_XkZWXV©�]\k�gSW�RTX��W_TURX_R�[]lU\̀�]̀WXXkªZfS\�_T]\̀XV�U\�RTX�}W]iU\̀V�]\k�ufX_UgU_]RUS\V�WXVẐRU\̀�gWS[�VZ_T�VZeVRURZRUS\Vcn�op��«������¬rTX�aS\RW]_RSW�i]WW]\RV�RS�RTX�si\XWt�aS\VRWZ_RUS\�~]\]̀XWt�]\k��W_TURX_R�RT]R�[]RXWU]̂V�]\k�XYZUf[X\R�gZW\UVTXk�Z\kXW�RTX�aS\RW]_R�iÛ̂�eX�Sg�̀SSk�YZ]̂URh�]\k�\Xi�Z\̂XVV�RTX�aS\RW]_R�}S_Z[X\RV�WXYZUWX�SW�fXW[UR�SRTXWiUVXc�rTX�aS\RW]_RSW�gZWRTXW�i]WW]\RV�RT]R�RTX�vSWl�iÛ̂�_S\gSW[�iURT�RTX�WXYZUWX[X\RV�Sg�RTX�aS\RW]_R�}S_Z[X\RV�]\k�iÛ̂�eX�
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RSTT�RSUV�WTRTXYZ[�\US]̂�V_YTS̀_aẐ�US�Tbc̀dVTeY�eUY�XUeRUSV̀ef�YU�YgTZT�STbc̀STVTeYZ�V_h�iT�XUeZ̀WTSTW�WTRTXỲjT[�kgT�lUeYS_XYUSmZ�n_SS_eYh�ToXacWTZ�STVTWh�RUS�W_V_fT�US�WTRTXY�X_cZTW�ih�_icZT̂�_aYTS_ỲUeZ�YU�YgT�\US]�eUY�ToTXcYTW�ih�YgT�lUeYS_XYUŜ�̀VdSUdTS�US�̀eZcRR̀X̀TeY�V_̀eYTe_eXT̂�̀VdSUdTS�UdTS_ỲUê�US�eUSV_a�nT_S�_eW�YT_S�_eW�eUSV_a�cZ_fT[�pR�STbc̀STW�ih�YgT�lUeZYScXỲUe�q_e_fTS�US�rSXg̀YTXŶ�YgT�lUeYS_XYUS�Zg_aa�RcSèZg�Z_ỲZR_XYUSh�Tj̀WTeXT�_Z�YU�YgT�]̀eW�_eW�bc_àYh�UR�V_YTS̀_aZ�_eW�Tbc̀dVTeY[stuvuwvuxyz�{|}|~|{������������kgT�lUeYS_XYUS�Zg_aa�d_h�Z_aTẐ�XUeZcVTŜ�cZT�_eW�Z̀V̀a_S�Y_oTZ�RUS�YgT�\US]�US�dUSỲUeZ�YgTSTUR�dSUj̀WTW�ih�YgT�lUeYS_XYUS�Yg_Y�_ST�aTf_aah�Te_XYTW�ngTe�ìWZ�_ST�STXT̀jTW�US�eTfUỲ_ỲUeZ�XUeXacWTŴ�ngTYgTS�US�eUY�hTY�TRRTXỲjT�US�VTSTah�ZXgTWcaTW�YU�fU�̀eYU�TRRTXY[kgT��neTS�̀Z�ToTVdY�RSUV�d_hVTeY�UR��TWTS_â��Y_YT̂�aUX_a�Y_oTẐ�_eW�RSUV�d_hVTeY�UR�Z_aTZ�_eW�XUVdTeZ_Ỳef�cZT�Y_oTZ�UR�YgT��Y_YT�UR��Tn��US]�_eW�UR�X̀ỲTZ�_eW�XUceỲTZ�Ue�_aa�V_YTS̀_aZ�_eW�ZcddàTZ�ZUaW�YU�YgT��neTS�dcSZc_eY�YU�YgT�dSUj̀Z̀UeZ�UR�Yg̀Z�lUeYS_XY[�kgTZT�Y_oTZ�_ST�eUY�YU�iT�̀eXacWTW�̀e�ìWZ[�kg̀Z�ToTVdỲUe�WUTZ�eUŶ�gUnTjTŜ�_ddah�YU�YUUaẐ�V_Xg̀eTSĥ�Tbc̀dVTeŶ�US�UYgTS�dSUdTSYh�aT_ZTW�iĥ�US�YU�YgT�lUeYS_XYUS�US�_�ZciXUeYS_XYUS��_eW�YgT�lUeYS_XYUS�_eW�̀YZ�ZciXUeYS_XYUS�Zg_aa�iT�STZdUeZ̀iaT�RUŜ�_eW�d_ĥ�_eh�_eW�_aa�_ddàX_iaT�Y_oTẐ�̀eXacẀef�Z_aTZ�_eW�XUVdTeZ_Ỳef�cZT�Y_oTẐ�Ue�ZcXg�aT_ZTW�YUUaẐ�V_Xg̀eTSĥ�Tbc̀dVTeY�US�UYgTS�dSUdTSYh[������������������������������������������������ �¡���������¢�£eaTZZ�UYgTSǹZT�dSUj̀WTW�̀e�YgT�lUeYS_XY�¤UXcVTeYẐ�YgT��neTŜ�_ZZ̀ZYTW�ih�YgT�lUeZYScXỲUe�q_e_fTŜ�Zg_aa�ZTXcST�_eW�d_h�RUS�YgT�ic̀aẀef�dTSV̀Y[�kgT�lUeYS_XYUS�Zg_aa�ZTXcST�_eW�d_h�RUS�UYgTS�dTSV̀YẐ�RTTẐ�àXTeZTZ�_eW�èZdTXỲUeZ�ih�fUjTSeVTeY�_fTeX̀TZ�eTXTZZ_Sh�RUS�dSUdTS�ToTXcỲUe�_eW�XUVdaTỲUe�UR�YgT�\US]�Yg_Y�_ST�XcZYUV_S̀ah�ZTXcSTW�_RYTS�ToTXcỲUe�UR�YgT�lUeYS_XY�_eW�aTf_aah�STbc̀STW�_Y�YgT�ỲVT�ìWZ�_ST�STXT̀jTW�US�eTfUỲ_ỲUeZ�XUeXacWTW[¥�¦§̈§©§©�kgT��neTS�Zg_aa�ZTXcST�YgT�ic̀aẀef�dTSV̀Y�RSUV�YgT��Tn��US]��Y_YT�ªWcX_ỲUe�¤Td_SYVTeY[������«�kgT�lUeYS_XYUS�Zg_aa�XUVdah�ǹYg�_eW�f̀jT�eUỲXTZ�STbc̀STW�ih�_ddàX_iaT�a_nẐ�ZY_YcYTẐ�USẀe_eXTẐ�XUWTẐ�ScaTZ�_eW�STfca_ỲUeẐ�_eW�a_nRca�USWTSZ�UR�dciàX�_cYgUS̀ỲTZ�_ddàX_iaT�YU�dTSRUSV_eXT�UR�YgT�\US][¥�¦§̈§¬§©�pe�_XXUSW_eXT��Tn��US]��Y_YT�_iUS�_n�rSỲXaT�®̂��TXỲUe�̄̄ °̂�ZciW[�±²_³_́̂�YgT�lUeYS_XYUS�Zg_aa�ZciV̀Y�YU�YgT��neTS�ǹYg̀e�±°�W_hZ�_RYTS�̀ZZc_eXT�UR�lUeYS_XYUSmZ�R̀SZY�d_hSUaâ�_eW�TjTSh�±°�W_hZ�YgTST_RYTŜ�_�YS_eZXS̀dY�UR�YgT�US̀f̀e_a�d_hSUaa�STXUSŴ�ZciZXS̀iTW�_eW�_RR̀SVTW�_Z�YScT�ceWTS�YgT�dTe_aỲTZ�UR�dTSµcSh[¥�¦§̈§¬§¬�kgT�lUeYS_XYUS�Zg_aa�XUVdah�ǹYg�_aa�_ddàX_iaT��Tn��US]��Y_YT�¤Td_SYVTeY�UR�_iUS�STbc̀STVTeYẐ�èXacẀef�YgT�dSUj̀Z̀Ue�Yg_Y�TjTSh�nUS]TS�TVdaUhTW�̀e�dTSRUSV_eXT�UR�_�dciàX�nUS]�XUeYS_XY�Zg_aa�iT�XTSỲR̀TW�_Z�g_j̀ef�XUVdaTYTW�_e���¶r�·°²gUcS�Z_RTYh�YS_̀èef�XUcSZT[�kgT�lUeYS_XYUS�_eW�ZciXUeYS_XYUS�Zg_aa�iT�ZUaTah�STZdUeZ̀iaT�RUS�XUVdà_eXT�ǹYg�Yg̀Z�STbc̀STVTeY�ǹYg�STZdTXY�YU�YgT̀S�TVdaUhTTZ[�kgT�lUeYS_XYUSmZ�US�ZciXUeYS_XYUSmZ�R_̀acST�YU�XUVdah�ǹYg�Yg̀Z�STbc̀STVTeY�Zg_aa�eUY�YS_eZRTS�US�̀e�_eh�n_h�̀VdUZT�YgT�STZdUeZ̀ìàYh�RUS�nUS]TS�Z_RTYh�cdUe�YgT��neTS�US�YgT�rSXg̀YTXY[��������pR�YgT�lUeYS_XYUS�US�_eh�UR�̀YZ��ciXUeYS_XYUSZ�dTSRUSVZ�\US]�]eUǹef�̀Y�YU�iT�XUeYS_Sh�YU�_ddàX_iaT�a_nẐ�ZY_YcYTẐ�USẀe_eXTẐ�XUWTẐ�ScaTZ�_eW�STfca_ỲUeẐ�US�a_nRca�USWTSZ�UR�dciàX�_cYgUS̀ỲTẐ�YgT�lUeYS_XYUS�Zg_aa�_ZZcVT�_ddSUdS̀_YT�STZdUeZ̀ìàYh�RUS�ZcXg�\US]�_eW�Zg_aa�iT_S�YgT�XUZYZ�_YYS̀icY_iaT�YU�XUSSTXỲUe[������̧��������������¹�º�����������������pR�YgT�lUeYS_XYUS�TeXUceYTSZ�XUeẀỲUeZ�_Y�YgT�Z̀YT�Yg_Y�_ST�³·́�ZciZcSR_XT�US�UYgTSǹZT�XUeXT_aTW�dghZ̀X_a�XUeẀỲUeZ�Yg_Y�ẀRRTS�V_YTS̀_aah�RSUV�YgUZT�̀eẀX_YTW�̀e�YgT�lUeYS_XY�¤UXcVTeYZ�US�³̄́�ce]eUne�dghZ̀X_a�XUeẀỲUeZ�UR�_e�cecZc_a�e_YcST�Yg_Y�ẀRRTS�V_YTS̀_aah�RSUV�YgUZT�USẀe_S̀ah�RUceW�YU�TòZY�_eW�fTeTS_aah�STXUfè»TW�_Z�̀egTSTeY�̀e�XUeZYScXỲUe�_XỲj̀ỲTZ�UR�YgT�Xg_S_XYTS�dSUj̀WTW�RUS�̀e�YgT�lUeYS_XY�¤UXcVTeYẐ�YgT�lUeYS_XYUS�Zg_aa�dSUVdYah�dSUj̀WT�eUỲXT�̀e�nS̀Ỳef�YU�YgT��neTŜ�lUeZYScXỲUe�q_e_fTŜ�_eW�YgT�rSXg̀YTXY�iTRUST�XUeẀỲUeZ�_ST�ẀZYcSiTW�_eW�̀e�eU�TjTeY�a_YTS�Yg_e�±�W_hZ�_RYTS�R̀SZY�UiZTSj_eXT�UR�YgT�XUeẀỲUeZ[�kgT�rSXg̀YTXY�_eW�lUeZYScXỲUe�q_e_fTS�ǹaa�dSUVdYah�̀ejTZỲf_YT�ZcXg�XUeẀỲUeZ�_eŴ�̀R�YgT�rSXg̀YTXŶ�̀e�XUeZcaY_ỲUe�ǹYg�YgT�lUeZYScXỲUe�q_e_fTŜ�WTYTSV̀eTZ�Yg_Y�YgTh�ẀRRTS�V_YTS̀_aah�_eW�X_cZT�_e�̀eXST_ZT�US�WTXST_ZT�̀e�YgT�lUeYS_XYUSmZ�XUZY�UR̂�US�ỲVT�STbc̀STW�RUŜ�dTSRUSV_eXT�UR�_eh�d_SY�UR�YgT�\US]̂�ǹaa�STXUVVTeW�_e�Tbc̀Y_iaT�_WµcZYVTeY�̀e�YgT�lUeYS_XY��cV�US�lUeYS_XY�k̀VT̂�US�iUYg[�pR�YgT�rSXg̀YTXŶ�̀e�XUeZcaY_ỲUe�ǹYg�YgT�lUeZYScXỲUe�q_e_fTŜ�WTYTSV̀eTZ�Yg_Y�YgT�XUeẀỲUeZ�_Y�YgT�Z̀YT�_ST�eUY�V_YTS̀_aah�ẀRRTSTeY�RSUV�YgUZT�̀eẀX_YTW�̀e�YgT�lUeYS_XY�¤UXcVTeYZ�_eW�Yg_Y�eU�Xg_efT�̀e�YgT�YTSVZ�UR�YgT�lUeYS_XY�̀Z�µcZỲR̀TŴ�YgT�rSXg̀YTXY�Zg_aa�dSUVdYah�eUỲRh�YgT��neTŜ�lUeZYScXỲUe�q_e_fTŜ�
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RST�UVSWXRYWVX�ZS�[XZWZS\]�̂WRWZS\�W_̀�X̀R̂VŜa�bc�W_̀�d[S̀X�VX�UVSWXRYWVX�TẐefẀ̂�W_̀�gXY_ZẀYWĥ�T̀ẀXiZSRWZVS�VX�X̀YViìSTRWZVS]�̀ZW_̀X�eRXWj�iRj�eXVỲ T̀�R̂�eXVkZT̀T�ZS�gXWZYl̀�mnao�pqrqs�bc]�ZS�W_̀�YVfX̂̀�Vc�W_̀�tVXu]�W_̀�UVSWXRYWVX�̀SYVfSẀX̂�_fiRS�X̀iRZŜ�VX�X̀YV\SZv̀ �̂W_̀�̀wẐẀSỲ�Vc�xfXZRl�iRXùX̂]�RXY_R̀VlV\ZYRl�̂ZẀ̂�VX�[̀WlRST̂�SVW�ZSTZYRẀT�ZS�W_̀�UVSWXRYW�yVYfìSŴ]�W_̀�UVSWXRYWVX�̂_Rll�ZiìTZRẀlj�f̂̂èST�RSj�VèXRWZVŜ�W_RW�[VflT�Rcc̀YW�W_̀i�RST�̂_Rll�SVWZcj�W_̀�d[S̀X]�UVŜWXfYWZVS�zRSR\̀X]�RST�gXY_ZẀYWa�{eVS�X̀ỲZeW�Vc�̂fY_�SVWZỲ]�W_̀�d[S̀X�̂_Rll�eXVieWlj�WRù�RSj�RYWZVS�S̀Ỳ^̂RXj�WV�VxWRZS�\Vk̀XSìSWRl�RfW_VXZvRWZVS�X̀|fZX̀T�WV�X̀̂fì�W_̀�VèXRWZVŜa�}_̀�UVSWXRYWVX�̂_Rll�YVSWZSf̀�WV�̂f̂èST�̂fY_�VèXRWZVŜ�fSWZl�VW_̀X[Ẑ̀�ZŜWXfYẀT�xj�W_̀�d[S̀X�xfW�̂_Rll�YVSWZSf̀�[ZW_�Rll�VW_̀X�VèXRWZVŜ�W_RW�TV�SVW�Rcc̀YW�W_V̂ �̀X̀iRZŜ�VX�c̀RWfX̀̂a�~̀|f̀ Ŵ̂�cVX�RT�f̂WìSŴ�ZS�W_̀�UVSWXRYW��fi�RST�UVSWXRYW�}Zì�RXẐZS\�cXVi�W_̀�̀wẐẀSỲ�Vc�̂fY_�X̀iRZŜ�VX�c̀RWfX̀̂�iRj�x̀�iRT̀�R̂�eXVkZT̀T�ZS�gXWZYl̀�mnao�pq������������o�pq�q��}_̀�UVSWXRYWVX�̂_Rll�ZSYlfT̀�ZS�W_̀�UVSWXRYW��fi�Rll�RllV[RSỲ �̂̂WRẀT�ZS�W_̀�UVSWXRYW�yVYfìSŴa�bẀî�YVk̀X̀T�xj�RllV[RSỲ �̂̂_Rll�x̀�̂feelZ̀T�cVX�̂fY_�RiVfSŴ�RST�xj�̂fY_�èX̂VŜ�VX�̀SWZWZ̀̂�R̂�W_̀�d[S̀X�iRj�TZX̀YW]�xfW�W_̀�UVSWXRYWVX�̂_Rll�SVW�x̀�X̀|fZX̀T�WV�̀ielVj�èX̂VŜ�VX�̀SWZWZ̀̂�WV�[_Vi�W_̀�UVSWXRYWVX�_R̂�X̀R̂VSRxl̀�Vx�̀YWZVSao�pq�q��{Sl̀̂ �̂VW_̀X[Ẑ̀�eXVkZT̀T�ZS�W_̀�UVSWXRYW�yVYfìSŴ�q� gllV[RSỲ �̂̂_Rll�YVk̀X�W_̀�YV̂W�WV�W_̀�UVSWXRYWVX�RST��fxYVSWXRYWVX̂�Vc�iRẀXZRl̂�RST�̀|fZeìSW�T̀lZk̀X̀T�RW�W_̀�̂ZẀ�RST�Rll�X̀|fZX̀T�WRẁ ]̂�l̀̂ �̂ReelZYRxl̀�WXRT̀�TẐYVfSŴ�q� UVSWXRYWVXĥ�RST��fxYVSWXRYWVXĥ�YV̂Ŵ�cVX�fSlVRTZS\�RST�_RSTlZS\�RW�W_̀�̂ZẀ]�lRxVX]�ZŜWRllRWZVS�YV̂Ŵ]�Vk̀X_̀RT]�eXVcZW�RST�VW_̀X�̀wèŜ`̂�YVSẀielRẀT�cVX�̂WRẀT�RllV[RSỲ�RiVfSŴ�̂_Rll�x̀�ZSYlfT̀T�ZS�W_̀�UVSWXRYW��fi�xfW�SVW�ZS�W_̀�RllV[RSỲ �̂�RSTqp t_̀S̀k̀X�YV̂Ŵ�RX̀�iVX̀�W_RS�VX�l̀̂ �̂W_RS�RllV[RSỲ ]̂�W_̀�UVSWXRYW��fi�̂_Rll�x̀�RT�f̂ẀT�RYYVXTZS\lj�xj�U_RS\̀�dXT̀Xa�}_̀�RiVfSW�Vc�W_̀�U_RS\̀�dXT̀X�̂_Rll�X̀cl̀YW��m��W_̀�TZcc̀X̀SỲ�x̀W[̀ S̀�RYWfRl�YV̂Ŵ�RST�W_̀�RllV[RSỲ �̂fST̀X��̀YWZVS��a�a�am�RST�����Y_RS\̀ �̂ZS�UVSWXRYWVXĥ�YV̂Ŵ�fST̀X��̀YWZVS��a�a�a�aq�������������������TV�SVW�ZSYlfT̀�W_̀�UVSWXRYWVXĥ�Vk̀X_̀RT�RST�eXVcZW]�ZSYlfTZS\�W_̀�YV̂Ŵ�Vc�xVST̂]�ZŜfXRSỲ]�RTiZSẐWXRWZVS�RST�̂fèXkẐZVS]�[_ZY_�YV̂Ŵ�̂_VflT�x̀�YRXXZ̀T�R̂�eRXW�Vc�W_̀�UVSWXRYW��fiao�pq�qp�zRẀXZRl̂�RST�̀|fZeìSW�fST̀X�RS�RllV[RSỲ�̂_Rll�x̀�̂̀l̀YẀT�xj�W_̀�d[S̀X�[ZW_�X̀R̂VSRxl̀�eXVieWS̀^̂a��� ¡ ¢�~̀c̀X�WV�yZkẐZVS�£m��̀YWZVS�¤gllV[RSỲ ¤̂�cVX�RTTZWZVSRl�ZScVXiRWZVSao�pq¥�¦§̈�©ª�«��¬��«o�pq¥q��}_̀�UVSWXRYWVX�̂_Rll�̀ielVj�R�YVièẀSW�̂fèXZSẀST̀SW�RST�S̀Ỳ^̂RXj�R̂̂ ẐWRSŴ�[_V�̂_Rll�x̀�ZS�RWẀSTRSỲ�RW�W_̀�XV�̀YW�̂ZẀ�cfll�WZì�TfXZS\�èXcVXiRSỲ�Vc�W_̀�tVXua�}_̀��fèXZSẀST̀SW�̂_Rll�x̀�W_̀�̂Rì�ZSTZkZTfRl�W_XVf\_VfW�W_̀�TfXRWZVS�Vc�W_̀�XV�̀YW�fSl̀̂ �̂W_̀�d[S̀X�YVŜ S̀Ŵ�WV�R�Y_RS\̀a�}_̀�̂fèXZSẀST̀SW�̂_Rll�X̀eX̀̂ S̀W�W_̀�UVSWXRYWVX]�RST�YViifSZYRWZVŜ�\Zk̀S�WV�W_̀�̂fèXZSẀST̀SW�̂_Rll�x̀�R̂�xZSTZS\�R̂�Zc�\Zk̀S�WV�W_̀�UVSWXRYWVXa�o�pq¥q��}_̀�UVSWXRYWVX]�R̂�̂VVS�R̂�eXRYWZYRxl̀�RcẀX�R[RXT�Vc�W_̀�UVSWXRYW]�̂_Rll�cfXSẐ_�ZS�[XZWZS\�WV�W_̀�d[S̀X�RST�gXY_ZẀYW�W_XVf\_�W_̀�UVŜWXfYWZVS�zRSR\̀X]�W_̀�SRì�RST�|fRlZcZYRWZVŜ�Vc�R�eXVeV̂ T̀�̂fèXZSẀST̀SWa�}_̀�UVŜWXfYWZVS�zRSR\̀X�iRj�X̀elj�[ZW_ZS�m®�TRĵ�WV�W_̀�UVSWXRYWVX�ZS�[XZWZS\�̂WRWZS\��m��[_̀W_̀X�W_̀�d[S̀X]�W_̀�UVŜWXfYWZVS�zRSR\̀X]�VX�W_̀�gXY_ZẀYW�_R̂�X̀R̂VSRxl̀�Vx�̀YWZVS�WV�W_̀�eXVeV̂ T̀�̂fèXZSẀST̀SW�VX�����W_RW�RSj�Vc�W_̀i�X̀|fZX̀�RTTZWZVSRl�WZì�WV�X̀kZ̀[a�̄RZlfX̀�Vc�W_̀�UVŜWXfYWZVS�zRSR\̀X�WV�X̀elj�[ZW_ZS�W_̀�m®�TRj�èXZVT�̂_Rll�YVŜWZWfẀ�SVWZỲ�Vc�SV�X̀R̂VSRxl̀�Vx�̀YWZVSao�pq¥qp�}_̀�UVSWXRYWVX�̂_Rll�SVW�̀ielVj�R�eXVeV̂ T̀�̂fèXZSẀST̀SW�WV�[_Vi�W_̀�d[S̀X]�UVŜWXfYWZVS�zRSR\̀X�VX�gXY_ZẀYW�_R̂�iRT̀�X̀R̂VSRxl̀�RST�WZìlj�Vx�̀YWZVSa�}_̀�UVSWXRYWVX�̂_Rll�SVW�Y_RS\̀�W_̀�̂fèXZSẀST̀SW�[ZW_VfW�W_̀�d[S̀Xĥ�YVŜ S̀W]�[_ZY_�̂_Rll�SVW�fSX̀R̂VSRxlj�x̀�[ZW__̀lT�VX�T̀lRj̀Tao�pq�°�±��«©��«�©²��±���«©§�«ª���¦�³�¬§���o�pq�°q��}_̀�UVSWXRYWVX]�[ZW_ZS�ẀS��m£��xf̂ZS̀^̂�TRĵ�RcẀX�x̀ZS\�R[RXT̀T�W_̀�UVSWXRYW]�̂_Rll�eX̀eRX̀�RST�̂fxiZW�cVX�W_̀�d[S̀Xĥ�RST�gXY_ZẀYWĥ�ZScVXiRWZVS�RST�W_̀�UVŜWXfYWZVS�zRSR\̀Xĥ�ReeXVkRl�R�UVSWXRYWVXĥ�YVŜWXfYWZVS�Ŷ_̀Tfl̀�cVX�W_̀�tVXua�}_̀�̂Y_̀Tfl̀�̂_Rll�SVW�̀wỲ T̀�WZì�lZiZŴ�YfXX̀SW�fST̀X�W_̀�UVSWXRYW�yVYfìSŴ]�̂_Rll�x̀�X̀kẐ̀T�RW�ReeXVeXZRẀ�ZSẀXkRl̂�R̂�X̀|fZX̀T�xj�W_̀�YVSTZWZVŜ�Vc�W_̀�tVXu�RST�XV�̀YW]�̂_Rll�x̀�X̀lRẀT�WV�W_̀�̀SWZX̀�XV�̀YW�̂Y_̀Tfl̀�WV�W_̀�̀wẀSW�X̀|fZX̀T�xj�W_̀�UVSWXRYW�yVYfìSŴ]�RST�̂_Rll�eXVkZT̀�cVX�̀wèTZWZVf̂�RST�eXRYWZYRxl̀�ẁ̀YfWZVS�Vc�W_̀�tVXua�}_̀�UVSWXRYWVX�̂_Rll�YVVèXRẀ�[ZW_�W_̀�UVŜWXfYWZVS�zRSR\̀X�ZS�̂Y_̀TflZS\�RST�èXcVXiZS\�



������ ����	
�������������������������������� !!"#�"$$!#�%&'�"$ !�(��)�*�+,*��-%&�.&/���0�*��1�+�-���*-�/2�+33������/��*/*�4*'2�)�*�5+,*��-%&�.&/���0�*��1�+�-���*-�/#6�5+.+#6���*�+.+�7���#�%&'�5+.+���&��%-��8�-0,*&�/6�%�*��*��/�*�*'���%'*,%�9/�%&'�,%��&���(*�0/*'�:����0���*�,�//��&2�)��/�'�-0,*&��:%/����'0-*'�(��+.+�/�1�:%�*�%�� ;<"$<$=�>)��&�$?@ A@"$""�0&'*��B�'*��C�2"  ="DA;= �:��-��*E���*/��&�$"@"?@"$";#��/�&���1����*/%3*#��/�3�-*&/*'�1����&*F��,*�0/*��&3�#�%&'�,%���&3��(*�0/*'��&�%--��'%&-*�:������*�+.+���&��%-��8�-0,*&�/G�)*�,/��1�H*�4�-*2�)���*�����-���������4��3%���&/#�*F,%�3�-��������I%�%2���2JK�L�M
��KN� O ? =!$$D$AP ��

QRS�TUVQWXYQUWZ[�\UW]�QU�X̂U_̀�YUVab_YQ�c_QRd�XV̀�X[�QU�YXe[S�VU�̀SbXf�_Vd�QRS�cUW]�UW�XYQ_̂_Q_S[�Ua�UQRSW�gebQ_hbS�iW_jS�TUVQWXYQUW[�UW�QRS�YUV[QWeYQ_UV�UW�UhSWXQ_UV[�Ua�QRS�kcVSWZ[�UcV�aUWYS[l�m�nopqor�sRS�TUVQWXYQUW�[RXbb�hWShXWS�X�[etj_QQXb�[YRS̀ebSd�c_QR_V�QSV�uvwx�te[_VS[[�̀Xf[�XaQSW�tS_Vy�XcXẀS̀�QRS�TUVQWXYQ�XV̀�QRSWSXaQSW�eh̀XQS�_Q�X[�VSYS[[XWf�QU�jX_VQX_V�X�YeWWSVQ�[etj_QQXb�[YRS̀ebSd�XV̀�[RXbb�[etj_Q�QRS�[YRS̀ebSu[x�aUW�QRS�TUV[QWeYQ_UV�gXVXySWZ[�XV̀�zWYR_QSYQZ[�XhhWÛXbl�sRS�zWYR_QSYQ�XV̀�TUV[QWeYQ_UV�gXVXySWZ[�XhhWÛXb�[RXbb�VUQ�eVWSX[UVXtbf�tS�̀SbXfS̀�UW�c_QRRSb̀l�sRS�[etj_QQXb�[YRS̀ebS�[RXbb�uvx�tS�YUUẀ_VXQS̀�c_QR�QRS�TUVQWXYQUWZ[�YUV[QWeYQ_UV�[YRS̀ebSd�XV̀�u{x�XbbUc�QRS�TUV[QWeYQ_UV�gXVXySW�XV̀�zWYR_QSYQ�WSX[UVXtbS�Q_jS�QU�WŜ_Sc�[etj_QQXb[l�|a�QRS�TUVQWXYQUW�aX_b[�QU�[etj_Q�X�[etj_QQXb�[YRS̀ebSd�QRS�TUVQWXYQUW�[RXbb�VUQ�tS�SVQ_QbS̀�QU�XVf�_VYWSX[S�_V�TUVQWXYQ�}ej�UW�S~QSV[_UV�Ua�TUVQWXYQ�s_jS�tX[S̀�UV�QRS�Q_jS�WS�e_WS̀�aUW�WŜ_Sc�Ua�[etj_QQXb[l�sRS�TUVQWXYQUWZ[�[etj_QQXb�[YRS̀ebS�[RXbb�tS�_V�YUjhb_XVYS�c_QR�QRS�hWU�SYQ�jXVeXb�WS�e_WSjSVQ[�WSyXẀ_Vy�Q_jSb_VS[�aUW�[etj_[[_UV�Ua�[etj_QQXb[lm�nopqon�sRS�TUVQWXYQUW�[RXbb�hXWQ_Y_hXQS�c_QR�UQRSW�TUVQWXYQUW[d�QRS�TUV[QWeYQ_UV�gXVXySW�XV̀�kcVSW�_V�WŜ_Sc_Vy�XV̀�YUUẀ_VXQ_Vy�Xbb�[YRS̀ebS[�aUW�_VYUWhUWXQ_UV�_VQU�QRS�iWU�SYQ�[YRS̀ebS�QRXQ�_[�hWShXWS̀�tf�QRS�TUV[QWeYQ_UV�gXVXySWl�sRS�TUVQWXYQUW�[RXbb�jX]S�WŜ_[_UV[�QU�QRS�YUV[QWeYQ_UV�[YRS̀ebS�X[�̀SSjS̀�VSYS[[XWf�tf�QRS�TUV[QWeYQ_UV�gXVXySW�QU�YUVaUWj�QU�QRS�iWU�SYQ�[YRS̀ebSl�m�nopqo��sRS�TUVQWXYQUW�[RXbb�hSWaUWj�QRS�\UW]�_V�ySVSWXb�XYYUẀXVYS�c_QR�QRS�jU[Q�WSYSVQ�[YRS̀ebS[�[etj_QQS̀�QU�QRS�kcVSWd�TUV[QWeYQ_UV�gXVXySW�XV̀�zWYR_QSYQ�XV̀�_VYUWhUWXQS̀�_VQU�QRS�XhhWÛS̀�iWU�SYQ�[YRS̀ebSlm�nopp����������������������������������sRS�TUVQWXYQUW�[RXbb�jX_VQX_V�XQ�QRS�[_QS�aUW�QRS�kcVSW�UVS�YUhf�Ua�QRS��WXc_Vy[d�}hSY_a_YXQ_UV[d�z̀ S̀V̀Xd�TRXVyS�kẀSW[�XV̀�UQRSW�gÙ_a_YXQ_UV[d�_V�yUÙ�UẀSW�XV̀�jXW]S̀�YeWWSVQbf�QU�_V̀_YXQS�a_Sb̀�YRXVyS[�XV̀�[SbSYQ_UV[�jX̀S�èW_Vy�YUV[QWeYQ_UVd�XV̀�UVS�YUhf�Ua�XhhWÛS̀�}RUh��WXc_Vy[d�iWÙeYQ��XQXd�}XjhbS[�XV̀�[_j_bXW�WS�e_WS̀�[etj_QQXb[l�sRS[S�̀UYejSVQ[�[RXbb�tS�X̂X_bXtbS�QU�QRS�zWYR_QSYQ�XV̀�̀Sb_̂SWS̀�QU�QRS�TUV[QWeYQ_UV�gXVXySW�aUW�[etj_QQXb�QU�QRS�kcVSW�ehUV�YUjhbSQ_UV�Ua�QRS�\UW]�X[�X�WSYUẀ�Ua�QRS�\UW]�X[�YUV[QWeYQS̀lm�nopr����������������������������������������m�noprop�}RUh��WXc_Vy[�XWS�̀WXc_Vy[d�̀_XyWXj[d�[YRS̀ebS[�XV̀�UQRSW�̀XQX�[hSY_Xbbf�hWShXWS̀�aUW�QRS�\UW]�tf�QRS�TUVQWXYQUW�UW�X�}etYUVQWXYQUWd�}et�[etYUVQWXYQUWd�jXVeaXYQeWSWd�[ehhb_SW�UW�̀_[QW_teQUW�QU�_bbe[QWXQS�[UjS�hUWQ_UV�Ua�QRS�\UW]lm�nopror�iWÙeYQ��XQX�XWS�_bbe[QWXQ_UV[d�[QXV̀XẀ�[YRS̀ebS[d�hSWaUWjXVYS�YRXWQ[d�_V[QWeYQ_UV[d�tWUYReWS[d�̀_XyWXj[�XV̀�UQRSW�_VaUWjXQ_UV�aeWV_[RS̀�tf�QRS�TUVQWXYQUW�QU�_bbe[QWXQS�jXQSW_Xb[�UW�S�e_hjSVQ�aUW�[UjS�hUWQ_UV�Ua�QRS�\UW]lm�nopron�}XjhbS[�XWS�hRf[_YXb�S~XjhbS[�QRXQ�_bbe[QWXQS�jXQSW_Xb[d�S�e_hjSVQ�UW�cUW]jXV[R_h�XV̀�S[QXtb_[R�[QXV̀XẀ[�tf�cR_YR�QRS�\UW]�c_bb�tS��èyS̀lm�nopro��}RUh��WXc_Vy[d�iWÙeYQ��XQXd�}XjhbS[�XV̀�[_j_bXW�[etj_QQXb[�XWS�VUQ�TUVQWXYQ��UYejSVQ[l�sRS_W�heWhU[S�_[�QU�̀SjUV[QWXQS�QRS�cXf�tf�cR_YR�QRS�TUVQWXYQUW�hWUhU[S[�QU�YUVaUWj�QU�QRS�_VaUWjXQ_UV�y_̂SV�XV̀�QRS�̀S[_yV�YUVYShQ�S~hWS[[S̀�_V�QRS�TUVQWXYQ��UYejSVQ[�aUW�QRU[S�hUWQ_UV[�Ua�QRS�\UW]�aUW�cR_YR�QRS�TUVQWXYQ��UYejSVQ[�WS�e_WS�[etj_QQXb[l��Ŝ_Sc�tf�QRS�zWYR_QSYQ�XV̀�TUV[QWeYQ_UV�gXVXySW�_[�[et�SYQ�QU�QRS�b_j_QXQ_UV[�Ua�}SYQ_UV[��l{l��QRWUeyR��l{lvvl�|VaUWjXQ_UVXb�[etj_QQXb[�ehUV�cR_YR�QRS�TUV[QWeYQ_UV�gXVXySW�XV̀�zWYR_QSYQ�XWS�VUQ�S~hSYQS̀�QU�QX]S�WS[hUV[_̂S�XYQ_UV�jXf�tS�[U�_̀SVQ_a_S̀�_V�QRS�TUVQWXYQ��UYejSVQ[l�}etj_QQXb[�QRXQ�XWS�VUQ�WS�e_WS̀�tf�QRS�TUVQWXYQ��UYejSVQ[�jXf�tS�WSQeWVS̀�tf�QRS�TUV[QWeYQ_UV�gXVXySW�UW�zWYR_QSYQ�c_QRUeQ�XYQ_UVlm�nopro��sRS�TUVQWXYQUW�[RXbb�WŜ_Sc�aUW�YUjhb_XVYS�c_QR�QRS�TUVQWXYQ��UYejSVQ[d�XhhWÛS�XV̀�[etj_Q�QU�QRS�TUV[QWeYQ_UV�gXVXySW�}RUh��WXc_Vy[d�iWÙeYQ��XQXd�}XjhbS[�XV̀�[_j_bXW�[etj_QQXb[�WS�e_WS̀�tf�QRS�TUVQWXYQ��UYejSVQ[�c_QR�WSX[UVXtbS�hWUjhQVS[[�XV̀�_V�[eYR�[S�eSVYS�X[�QU�YXe[S�VU�̀SbXf�_V�QRS�\UW]�UW�_V�QRS�XYQ_̂_Q_S[�Ua�UQRSW�gebQ_hbS�iW_jS�TUVQWXYQUW[�UW�QRS�kcVSWZ[�UcV�aUWYS[l�sRS�TUVQWXYQUW�[RXbb�YUUhSWXQS�c_QR�QRS�TUV[QWeYQ_UV�gXVXySW�_V�QRS�YUUẀ_VXQ_UV�Ua�QRS�TUVQWXYQUWZ[�}RUh��WXc_Vy[d�iWÙeYQ��XQXd�}XjhbS[�XV̀�[_j_bXW�[etj_QQXb[�c_QR�WSbXQS̀�̀UYejSVQ[�[etj_QQS̀�tf�UQRSW�gebQ_hbS�iW_jS�TUVQWXYQUW[l�m�nopro���f�[etj_QQ_Vy�}RUh��WXc_Vy[d�iWÙeYQ��XQXd�}XjhbS[�XV̀�[_j_bXW�[etj_QQXb[d�QRS�TUVQWXYQUW�WShWS[SVQ[�QU�QRS�kcVSWd�TUV[QWeYQ_UV�gXVXySWd�XV̀�zWYR_QSYQd�QRXQ�QRS�TUVQWXYQUW�RX[�uvx�WŜ_ScS̀�XV̀�XhhWÛS̀�QRSjd�u{x�̀SQSWj_VS̀�XV̀�̂SW_a_S̀�jXQSW_Xb[d�a_Sb̀�jSX[eWSjSVQ[�XV̀�a_Sb̀�YUV[QWeYQ_UV�YW_QSW_X�WSbXQS̀�QRSWSQUd�UW�c_bb�̀U�[U�XV̀�u�x�YRSY]S̀�
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������ ����	
�������������������������������� !!"#�"$$!#�%&'�"$ !�(��)�*�+,*��-%&�.&/���0�*��1�+�-���*-�/2�+33������/��*/*�4*'2�)�*�5+,*��-%&�.&/���0�*��1�+�-���*-�/#6�5+.+#6���*�+.+�7���#�%&'�5+.+���&��%-��8�-0,*&�/6�%�*��*��/�*�*'���%'*,%�9/�%&'�,%��&���(*�0/*'�:����0���*�,�//��&2�)��/�'�-0,*&��:%/����'0-*'�(��+.+�/�1�:%�*�%�� ;<"$<$=�>)��&�$?@ A@"$""�0&'*��B�'*��C�2"  ="DA;= �:��-��*E���*/��&�$"@"?@"$";#��/�&���1����*/%3*#��/�3�-*&/*'�1����&*F��,*�0/*��&3�#�%&'�,%���&3��(*�0/*'��&�%--��'%&-*�:������*�+.+���&��%-��8�-0,*&�/G�)*�,/��1�H*�4�-*2�)���*�����-���������4��3%���&/#�*F,%�3�-��������I%�%2���2JK�L�M
��KN� O ? =!$$D$AP ��
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R�STUTVV�WXYZX[�\]�̂_X�̀\âbcd̂\bef�fghiẐ̂cjf�hk�̂_X�̀\af̂bgd̂Z\a�lcacmXb�can�obd_ẐXd̂�Zf�a\̂�d\angd̂Xn�]\b�̂_X�pgbp\fX�\]�nX̂XbiZaZam�̂_X�cddgbcdk�can�d\ipjX̂XaXff�\]�\̂_Xb�nX̂cZjf�fgd_�cf�nZiXafZ\af�can�qgcâẐZXfr�\b�]\b�fghf̂câZĉZam�Zaf̂bgd̂Z\af�]\b�Zaf̂cjjĉZ\a�\b�pXb]\bicadX�\]�XqgZpiXâ�\b�fkf̂Xifr�cjj�\]�[_Zd_�bXicZa�̂_X�bXfp\afZhZjẐk�\]�̂_X�̀\âbcd̂\b�cf�bXqgZbXn�hk�̂_X�̀\âbcd̂�s\dgiXâft�u_X�̀\af̂bgd̂Z\a�lcacmXb�can�obd_ẐXd̂ef�bXYZX[�\]�̂_X�̀\âbcd̂\bef�fghiẐ̂cjf�f_cjj�a\̂�bXjZXYX�̂_X�̀\âbcd̂\b�\]�̂_X�\hjZmĉZ\af�ganXb�vXd̂Z\af�wtwr�wtx�can�wtyzt�u_X�̀\af̂bgd̂Z\a�lcacmXb�can�obd_ẐXd̂ef�bXYZX[�f_cjj�a\̂�d\af̂ẐĝX�cppb\Ycj�\]�fc]X̂k�pbXdcĝZ\af�\br�gajXff�\̂_Xb[ZfX�fpXdZ]Zdcjjk�f̂ĉXn�hk�̂_X�̀\af̂bgd̂Z\a�lcacmXb�can�obd_ẐXd̂r�\]�cak�d\af̂bgd̂Z\a�iXcafr�iX̂_\nfr�X̂d_aZqgXfr�fXqgXadXf�\b�pb\dXngbXft�u_X�obd_ẐXd̂ef�cppb\Ycj�\]�c�fpXdZ]Zd�ẐXi�f_cjj�a\̂�ZanZdĉX�cppb\Ycj�\]�ca�cffXihjk�\]�[_Zd_�̂_X�ẐXi�Zf�c�d\ip\aXâtR�STUTVU�u_X�obd_ẐXd̂r�[Ẑ_�̂_X�cffZf̂cadX�\]�̂_X�̀\af̂bgd̂Z\a�lcacmXbr�[Zjj�pbXpcbX�̀_camX�{bnXbf�can�̀\af̂bgd̂Z\a�_̀camX�sZbXd̂ZYXftR�STUTV|�u_X�̀\af̂bgd̂Z\a�lcacmXb�can�̂_X�obd_ẐXd̂�[Zjj�̂c}X�cppb\pbZĉX�cd̂Z\a�\a�̀_camX�{bnXbf�\b�̀\af̂bgd̂Z\a�_̀camX�sZbXd̂ZYXf�Za�cdd\bncadX�[Ẑ_�ob̂ZdjX�~t�can�̂_X�obd_ẐXd̂�[Zjj�_cYX�cĝ_\bẐk�̂\�\bnXb�iZa\b�d_camXf�Za�̂_X��\b}�cf�pb\YZnXn�Za�vXd̂Z\a�~t�t�u_X�obd_ẐXd̂r�Za�d\afgĵĉZ\a�[Ẑ_�̂_X�̀\af̂bgd̂Z\a�lcacmXbr�[Zjj�ZaYXf̂ZmĉX�can�ic}X�nX̂XbiZaĉZ\af�can�bXd\iiXanĉZ\af�bXmcbnZam�d\adXcjXn�can�ga}a\[a�d\anẐZ\af�cf�pb\YZnXn�Za�vXd̂Z\a�wt~t�tR�STUTVS��̂ZjZ�Zam�̂_X�n\dgiXâf�pb\YZnXn�hk�̂_X�̀\âbcd̂\br�̂_X�̀\af̂bgd̂Z\a�lcacmXb�[Zjj�icZâcZa�ĉ�̂_X�fẐX�]\b�̂_X�{[aXb�\aX�d\pk�\]�cjj�̀\âbcd̂�s\dgiXâfr�cppb\YXn�v_\p�sbc[Zamfr��b\ngd̂�sĉcr�vcipjXf�can�fZiZjcb�bXqgZbXn�fghiẐ̂cjfr�Za�m\\n�\bnXb�can�icb}Xn�dgbbXâjk�̂\�bXd\bn�cjj�d_camXf�can�fXjXd̂Z\af�icnX�ngbZam�d\af̂bgd̂Z\at�u_XfX�[Zjj�hX�cYcZjchjX�̂\�̂_X�obd_ẐXd̂�can�̂_X�̀\âbcd̂\br�can�[Zjj�hX�nXjZYXbXn�̂\�̂_X�{[aXb�gp\a�d\ipjX̂Z\a�\]�̂_X��b\�Xd̂tR�STUTV��u_X�̀\af̂bgd̂Z\a�lcacmXb�[Zjj�cffZf̂�̂_X�obd_ẐXd̂�Za�d\angd̂Zam�ZafpXd̂Z\af�̂\�nX̂XbiZaX�̂_X�nĉXf�\]�vghf̂câZcj�̀\ipjX̂Z\a�can�̂_X�nĉX�\]�]Zacj�d\ipjX̂Z\a��ZffgX�̀Xb̂Z]ZdĉXf�\]�vghf̂câZcj�̀\ipjX̂Z\a�Za�d\a�gad̂Z\a�[Ẑ_�̂_X�obd_ẐXd̂�pgbfgcâ�̂\�vXd̂Z\a��t���can�bXdXZYX�can�]\b[cbn�̂\�̂_X�{[aXb�[bẐ̂Xa�[cbbcâZXf�can�bXjĉXn�n\dgiXâf�bXqgZbXn�hk�̂_X�̀\âbcd̂�can�cffXihjXn�hk�̂_X�̀\âbcd̂\b�pgbfgcâ�̂\�vXd̂Z\a��ty�t�u_X�̀\af̂bgd̂Z\a�lcacmXb�[Zjj�]\b[cbn�̂\�̂_X�obd_ẐXd̂�c�]Zacj�oppjZdĉZ\a�can�̀Xb̂Z]ZdĉX�]\b��ckiXâ�\b�]Zacj��b\�Xd̂�oppjZdĉZ\a�can��b\�Xd̂�̀Xb̂Z]ZdĉX�]\b��ckiXâ�gp\a�̂_X�̀\âbcd̂\bef�d\ipjZcadX�[Ẑ_�̂_X�bXqgZbXiXâf�\]�̂_X�̀\âbcd̂�s\dgiXâftR�STUTV���]�̂_X�{[aXb�can�obd_ẐXd̂�cmbXXr�̂_X�obd_ẐXd̂�[Zjj�pb\YZnX�\aX�\b�i\bX�pb\�Xd̂�bXpbXfXâĉZYXf�̂\�cffZf̂�Za�dcbbkZam�\ĝ�̂_X�obd_ẐXd̂ef�bXfp\afZhZjẐZXf�ĉ�̂_X�fẐXt�u_X�nĝZXfr�bXfp\afZhZjẐZXf�can�jZiẐĉZ\af�\]�cĝ_\bẐk�\]�fgd_�pb\�Xd̂�bXpbXfXâĉZYXf�f_cjj�hX�cf�fX̂�]\b̂_�Za�ca�X�_ZhẐ�̂\�hX�Zad\bp\bĉXn�Za�̂_X�̀\âbcd̂�s\dgiXâftR�STUTV��u_X�obd_ẐXd̂�[Zjj�ZâXbpbX̂�can�nXdZnX�iĉ̂Xbf�d\adXbaZam�pXb]\bicadX�ganXbr�can�bXqgZbXiXâf�\]�̂_X�\̀âbcd̂�s\dgiXâf�\a�[bẐ̂Xa�bXqgXf̂�\]�̂_X�̀\af̂bgd̂Z\a�lcacmXbr�{[aXb�\b�̀\âbcd̂\b�̂_b\gm_�̂_X�̀\af̂bgd̂Z\a�lcacmXbt�u_X�obd_ẐXd̂ef�bXfp\afX�̂\�fgd_�bXqgXf̂f�[Zjj�hX�icnX�Za�[bẐZam�[Ẑ_Za�cak�̂ZiX�jZiẐf�cmbXXn�gp\a�\b�\̂_Xb[ZfX�[Ẑ_�bXcf\achjX�pb\ip̂aXfft�R�STUTV���âXbpbX̂ĉZ\af�can�nXdZfZ\af�\]�̂_X�obd_ẐXd̂�[Zjj�hX�d\afZf̂Xâ�[Ẑ_�̂_X�ZâXâ�\]�can�bXcf\achjk�Za]XbchjX�]b\i�̂_X�̀\âbcd̂�s\dgiXâf�can�[Zjj�hX�Za�[bẐZam�\b�Za�̂_X�]\bi�\]�nbc[Zamft��_Xa�ic}Zam�fgd_�ZâXbpbX̂ĉZ\af�can�nXdZfZ\afr�̂_X�obd_ẐXd̂�[Zjj�XanXcY\b�̂\�fXdgbX�]cẐ_]gj�pXb]\bicadX�hk�h\̂_�{[aXb�can�̀\âbcd̂\br�[Zjj�a\̂�f_\[�pcb̂ZcjẐk�̂\�XẐ_Xb�can�[Zjj�a\̂�hX�jZchjX�]\b�bXfgĵf�\]�ZâXbpbX̂ĉZ\af�\b�nXdZfZ\af�f\�bXanXbXn�Za�m\\n�]cẐ_tR�STUTV��u_X�obd_ẐXd̂ef�nXdZfZ\af�\a�iĉ̂Xbf�bXjĉZam�̂\�cXf̂_X̂Zd�X]]Xd̂�[Zjj�hX�]Zacj�Z]�d\afZf̂Xâ�[Ẑ_�̂_X�ZâXâ�X�pbXffXn�Za�̂_X�̀\âbcd̂�s\dgiXâftR�STUTU��u_X�̀\af̂bgd̂Z\a�lcacmXb�[Zjj�bXdXZYX�can�bXYZX[�bXqgXf̂f�]\b�Za]\biĉZ\a�]b\i�̂_X�̀\âbcd̂\br�can�]\b[cbn�Xcd_�bXqgXf̂�]\b�Za]\biĉZ\a�̂\�̂_X�obd_ẐXd̂r�[Ẑ_�̂_X�̀\af̂bgd̂Z\a�lcacmXbef�bXd\iiXanĉZ\at�u_X�obd_ẐXd̂�[Zjj�bXYZX[�can�bXfp\an�Za�[bẐZam�̂\�̂_X�̀\af̂bgd̂Z\a�lcacmXb�̂\�bXqgXf̂f�]\b�Za]\biĉZ\a�ch\ĝ�̂_X�̀\âbcd̂�s\dgiXâft�u_X�̀\af̂bgd̂Z\a�lcacmXbef�bXd\iiXanĉZ\a�can�̂_X�obd_ẐXd̂ef�bXfp\afX�̂\�Xcd_�bXqgXf̂�[Zjj�hX�icnX�Za�[bẐZam�[Ẑ_Za�cak�̂ZiX�jZiẐf�cmbXXn�gp\a�\b�\̂_Xb[ZfX�[Ẑ_�bXcf\achjX�pb\ip̂aXfft��]�cppb\pbZĉXr�̂_X�obd_ẐXd̂�[Zjj�pbXpcbX�can�ZffgX�fgppjXiXâcj�sbc[Zamf�can�vpXdZ]ZdĉZ\af�Za�bXfp\afX�̂\�̂_X�bXqgXf̂f�]\b�Za]\biĉZ\at
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RSTUTVUTWX�YZ[Z\ZY]�̂_̀àab̀c�defghijgehkl�hmnomlgl�peh�qfpehrigqef�lsitt�um�vhmvihmw�ifw�lourqggmw�qf�ijjehwifjm�xqgs�yqzqlqef�{|�}mjgqef�~�he�mjg��ifi�mrmfg�ifw�deehwqfigqef~���sm��hjsqgmjg�xqtt�hmgohf�xqgseog�ijgqef�hmnomlgl�peh�qfpehrigqef�gsig�we�feg�jefpehr�ge�gsm�defghijg�yejormfgl������������������������������������������������������}oujefghijgeh�ql�i�vmhlef�eh�mfgqg��xse�sil�i�wqhmjg�jefghijg�xqgs�gsm�defghijgeh�ge�vmhpehr�i�vehgqef�ep�gsm��eh �ig�gsm�lqgm�eh�egsmhxqlm�pohfqlsml�tiueh¡�rigmhqitl¡�mnoqvrmfg¡�eh�egsmh�lmhzqjml�xqgs�hmlvmjg�ge�gsm��eh ���sm�gmhr�~}oujefghijgeh~�ql�hmpmhhmw�ge�gsheo�seog�gsm�defghijg�yejormfgl�il�qp�lqf�otih�qf�forumh�ifw�rmifl�i�}oujefghijgeh�eh�if�iogsehq¢mw�hmvhmlmfgigqzm�ep�gsm�}oujefghijgeh���sm�gmhr�~}oujefghijgeh~�weml�feg�qfjtowm�egsmh��otgqvtm��hqrm�defghijgehl�eh�loujefghijgehl�ep�egsmh��otgqvtm��hqrm�defghijgehl�������£���}ou¤loujefghijgeh�ql�i�vmhlef�eh�mfgqg��xse�sil�i�wqhmjg�eh�qfwqhmjg�jefghijg�xqgs�i�}oujefghijgeh�ge�vmhpehr�i�vehgqef�ep�gsm��eh �ig�gsm�lqgm�eh�egsmhxqlm�pohfqlsml�tiueh¡�rigmhqitl¡�mnoqvrmfg¡�eh�egsmh�lmhzqjml�xqgs�hmlvmjg�ge�gsm�xeh ���sm�gmhr�~}ou¤loujefghijgeh~�ql�hmpmhhmw�ge�gsheo�seog�gsm�defghijg�yejormfgl�il�qp�lqf�otih�qf�forumh�ifw�rmifl�i�}ou¤loujefghijgeh�eh�if�iogsehq¢mw�hmvhmlmfgigqzm�ep�gsm�}ou¤loujefghijgeh�����£��¥¦§̈�����©ª«���§¦«���¦�̈���¬�§�����§¦«�����§��§����������¬��®�§̄����£���°ftmll�egsmhxqlm�lgigmw�qf�gsm�defghijg�yejormfgl�eh�gsm�uqwwqf��hmnoqhmrmfgl¡�gsm�defghijgeh¡�xqgsqf�gmf�±|{²�uolqfmll�wi�l�ipgmh�ixihw�ep�gsm�defghijg¡�lsitt�pohfqls�qf�xhqgqf��ge�gsm�deflghojgqef��ifi�mh�peh�hmzqmx�u��gsm�³xfmh¡�deflghojgqef��ifi�mh�ifw��hjsqgmjg�gsm�firml�ep�vmhlefl�eh�mfgqgqml�±qfjtowqf��gselm�xse�ihm�ge�pohfqls�rigmhqitl�eh�mnoqvrmfg�piuhqjigmw�ge�i�lvmjqit�wmlq�f²�vhevelmw�peh�mijs�vhqfjqvit�vehgqef�ep�gsm��eh ���sm�deflghojgqef��ifi�mh�ri��hmvt��xqgsqf�|́�wi�l�ge�gsm�defghijgeh�qf�xhqgqf��lgigqf��±|²�xsmgsmh�gsm�³xfmh¡�gsm�deflghojgqef��ifi�mh�eh�gsm��hjsqgmjg�sil�hmilefiutm�eu�mjgqef�ge�if��lojs�vhevelmw�vmhlef�eh�mfgqg��eh¡�±µ²�gsig�gsm�deflghojgqef��ifi�mh¡��hjsqgmjg�eh�³xfmh�hmnoqhml�iwwqgqefit�gqrm�peh�hmzqmx��¶iqtohm�ep�gsm�deflghojgqef��ifi�mh¡�³xfmh¡�eh��hjsqgmjg�ge�hmvt��xqgsqf�gsm�|́¤wi��vmhqew�lsitt�jeflgqgogm�fegqjm�ep�fe�hmilefiutm�eu�mjgqef�����£�£��sm�defghijgeh�lsitt�feg�jefghijg�xqgs�i�vhevelmw�vmhlef�eh�mfgqg��ge�xser�gsm�³xfmh¡�deflghojgqef��ifi�mh�eh��hjsqgmjg�sil�riwm�hmilefiutm�ifw�gqrmt��eu�mjgqef���sm�defghijgeh�lsitt�feg�um�hmnoqhmw�ge�jefghijg�xqgs�if�efm�ge�xser�gsm�defghijgeh�sil�riwm�hmilefiutm�eu�mjgqef�����£�·�̧p�gsm�³xfmh¡�deflghojgqef��ifi�mh�eh��hjsqgmjg�sil�hmilefiutm�eu�mjgqef�ge�i�vmhlef�eh�mfgqg��vhevelmw�u��gsm�defghijgeh¡�gsm�defghijgeh�lsitt�vhevelm�ifegsmh�ge�xser�gsm�³xfmh¡�deflghojgqef��ifi�mh�eh��hjsqgmjg�sil�fe�hmilefiutm�eu�mjgqef������£�¹��sm�defghijgeh�lsitt�feg�loulgqgogm�i�}oujefghijgeh¡�vmhlef�eh�mfgqg��vhmzqeolt��lmtmjgmw�qp�gsm�³xfmh¡�deflghojgqef��ifi�mh�eh��hjsqgmjg�ri ml�hmilefiutm�eu�mjgqef�ge�lojs�loulgqgogqef��̂º̀àº��sm�defghijgeh�lsitt�vmhpehr�ig�tmilg�gxmfg�¤pqzm�±aº»�vmhjmfg�ep�gsm�jelg�ep�gsm�defghijg�±feg�qfjtowqf��gsm�jelgl�ep�rigmhqitl¡�qflohifjm¡�uefwl¡�lourqggitl�ifw�lqrqtih�qgmrl²�xqgs�qgl�exf�mrvte�mml�����·��©ª«���§¦«�©¦¼���¼¦�����½��ivvhevhqigm�i�hmmrmfg¡�xhqggmf�xsmhm�tm�itt��hmnoqhmw�peh�zitqwqg�¡�gsm�defghijgeh�lsitt�hmnoqhm�mijs�}oujefghijgeh¡�ge�gsm�m¾gmfg�ep�gsm��eh �ge�um�vmhpehrmw�u��gsm�}oujefghijgeh¡�ge�um�ueofw�ge�gsm�defghijgeh�u��gmhrl�ep�gsm�defghijg�yejormfgl¡�ifw�ge�illorm�gexihw�gsm�defghijgeh�itt�gsm�eutq�igqefl�ifw�hmlveflquqtqgqml¡�qfjtowqf��hmlveflquqtqg��peh�lipmg��ep�gsm�}oujefghijgehkl��eh ¡�xsqjs�gsm�defghijgeh¡�u��gsmlm�yejormfgl¡�illorml�gexihw�gsm�³xfmh¡�deflghojgqef��ifi�mh�ifw��hjsqgmjg��¿ijs�loujefghijg�i�hmmrmfg�lsitt�vhmlmhzm�ifw�vhegmjg�gsm�hq�sgl�ep�gsm�³xfmh¡�deflghojgqef��ifi�mh�ifw��hjsqgmjg�ofwmh�gsm�defghijg�yejormfgl�xqgs�hmlvmjg�ge�gsm��eh �ge�um�vmhpehrmw�u��gsm�}oujefghijgeh�le�gsig�loujefghijgqf��gsmhmep�xqtt�feg�vhm�owqjm�lojs�hq�sgl¡�ifw�lsitt�ittex�ge�gsm�}oujefghijgeh¡�oftmll�lvmjqpqjitt��vhezqwmw�egsmhxqlm�qf�gsm�loujefghijg�i�hmmrmfg¡�gsm�umfmpqg�ep�itt�hq�sgl¡�hmrmwqml�ifw�hmwhmll�i�iqflg�gsm�defghijgeh�gsig�gsm�defghijgeh¡�u��gsm�defghijg�yejormfgl¡�sil�i�iqflg�gsm�³xfmh���smhm�ivvhevhqigm¡�gsm�defghijgeh�lsitt�hmnoqhm�mijs�}oujefghijgeh�ge�mfgmh�qfge�lqrqtih�i�hmmrmfgl�xqgs�}ou¤loujefghijgehl���sm�defghijgeh�lsitt�ri m�iziqtiutm�ge�mijs�vhevelmw�}oujefghijgeh¡�vhqeh�ge�gsm�m¾mjogqef�ep�gsm�loujefghijg�i�hmmrmfg¡�jevqml�ep�gsm�defghijg�yejormfgl�ge�xsqjs�gsm�}oujefghijgeh�xqtt�um�ueofw¡�ifw¡�ovef�xhqggmf�hmnomlg�ep�gsm�}oujefghijgeh¡�qwmfgqp��ge�gsm�}oujefghijgeh�gmhrl�ifw�jefwqgqefl�ep�gsm�vhevelmw�loujefghijg�i�hmmrmfg�gsig�ri��um�ig�zihqifjm�xqgs�gsm�defghijg�
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RSTUVWXYZ[�\U]TSXŶ_TYŜZ�̀abb�ZaVab_̂bc�V_dW�TSeaWZ�Sf�_eebaT_]bW�eŜYaSXZ�Sf�ZUTg�hSTUVWXYZ�_i_ab_]bW�YS�YgWâ�ŴZeWTYaiW�êSeSZWh�\U]jZU]TSXŶ_TYŜZ[�k�lmn�opqrsqtuqr�vwwstqxuqr�py�z{|}pqr~�}rwk�lmnm���_Tg�ZU]TSXŶ_TY�_�̂WWVWXY�fŜ�_�eŜYaSX�Sf�YgW��Ŝd�aZ�_ZZa�XWh�]c�YgW��SXŶ_TYŜ�YS�YgW��̀ XŴ��êSiahWh�Yg_Ym� _ZZa�XVWXY�aZ�WffWTYaiW�SXbc�_fYŴ�YŴVaX_YaSX�Sf�YgW��SXŶ_TY�]c�YgW��̀ XŴ�fŜ�T_UZW�eÛZU_XY�YS�\WTYaSX���[��_Xh�SXbc�fŜ�YgSZW�ZU]TSXŶ_TY�_�̂WWVWXYZ�Yg_Y�YgW��̀ XŴ�_TTWeYZ�]c�XSYafcaX��YgW�\U]TSXŶ_TYŜ�_Xh��SXŶ_TYŜ�aX�̀ âYaX���_Xhm� _ZZa�XVWXY�aZ�ZU]�WTY�YS�YgW�êaŜ�̂a�gYZ�Sf�YgW�ZÛWYc��af�_Xc��S]ba�_YWh�UXhŴ�]SXh�̂Wb_YaX��YS�YgW��SXŶ_TY[�gWX�YgW��̀ XŴ�_TTWeYZ�YgW�_ZZa�XVWXY�Sf�_�ZU]TSXŶ_TY�_�̂WWVWXY��YgW��̀ XŴ�_ZZUVWZ�YgW��SXŶ_TYŜ�Z�̂a�gYZ�_Xh�S]ba�_YaSXZ�UXhŴ�YgW�ZU]TSXŶ_TY[k�lmnm���eSX�ZUTg�_ZZa�XVWXY��af�YgW��Ŝd�g_Z�]WWX�ZUZeWXhWh�fŜ�VŜW�Yg_X����h_cZ��YgW�\U]TSXŶ_TYŜ�Z�TSVeWXZ_YaSX�Zg_bb�]W�W�UaY_]bc�_h�UZYWh�fŜ�aXT̂W_ZWZ�aX�TSZY�̂WZUbYaX��f̂SV�YgW�ZUZeWXZaSX[k�lmnm���eSX�ZUTg�_ZZa�XVWXY�YS�YgW��̀ XŴ�UXhŴ�YgaZ�\WTYaSX��[���YgW��̀ XŴ�V_c�fÛYgŴ�_ZZa�X�YgW�ZU]TSXŶ_TY�YS�_�ZUTTWZZŜ��SXŶ_TYŜ�Ŝ�SYgŴ�WXYaYc[��f�YgW��̀ XŴ�_ZZa�XZ�YgW�ZU]TSXŶ_TY�YS�_�ZUTTWZZŜ��SXŶ_TYŜ�Ŝ�SYgŴ�WXYaYc��YgW��̀ XŴ�Zg_bb�XWiŴYgWbWZZ�̂WV_aX�bW�_bbc�̂WZeSXZa]bW�fŜ�_bb�Sf�YgW�ZUTTWZZŜ��SXŶ_TYŜ�Z�S]ba�_YaSXZ�UXhŴ�YgW�ZU]TSXŶ_TY[�v���o�������o��z���o��������� ������������¡���o����vo���zk��m���¢qu~£w��st¤r�rp�¥u~yp~x�opqwr~{}rspq�¢sr¤��¢q�¦p~}uw��q§�rp�v¢�~§��r¤u~�opqr~�}rwk��m�m��̈gW��̀ XŴ�̂WZŴiWZ�YgW�̂a�gY�YS�eŴfŜV�TSXZŶUTYaSX�Ŝ�SeŴ_YaSXZ�̂Wb_YWh�YS�YgW�©̂S�WTY�̀aYg�YgW��̀ XŴ�Z�S̀X�fŜTWZ��̀gaTg�aXTbUhW�eŴZSXZ�Ŝ�WXYaYaWZ�UXhŴ�ZWe_̂_YW�TSXŶ_TYZ�XSY�_hVaXaZYŴWh�]c�YgW��SXZŶUTYaSX�ª_X_�Ŵ��_Xh�YS�_̀_̂h�SYgŴ�TSXŶ_TYZ�aX�TSXXWTYaSX�̀aYg�SYgŴ�eŜYaSXZ�Sf�YgW�©̂S�WTY�Ŝ�SYgŴ�TSXZŶUTYaSX�Ŝ�SeŴ_YaSXZ�SX�YgW�ZaYW�UXhŴ��SXhaYaSXZ�Sf�YgW��SXŶ_TY�ahWXYaT_b�Ŝ�ZU]ZY_XYa_bbc�ZaVab_̂�YS�YgWZW�aXTbUhaX��YgSZW�eŜYaSXZ�̂Wb_YWh�YS�aXZÛ_XTW�_Xh�̀_aiŴ�Sf�ZU]̂S�_YaSX[��f�YgW��SXŶ_TYŜ�Tb_aVZ�Yg_Y�hWb_c�Ŝ�_hhaYaSX_b�TSZY�aZ�aXiSbiWh�]WT_UZW�Sf�ZUTg�_TYaSX�]c�YgW��̀ XŴ��YgW��SXŶ_TYŜ�Zg_bb�V_dW�ZUTg��b_aV�_Z�êSiahWh�aX�«̂YaTbW���[k��m�m���gWX�YgW��̀ XŴ�eŴfŜVZ�TSXZŶUTYaSX�Ŝ�SeŴ_YaSXZ�̀aYg�YgW��̀ XŴ�Z�S̀X�fŜTWZ�aXTbUhaX��eŴZSXZ�Ŝ�WXYaYaWZ�UXhŴ�ZWe_̂_YW�TSXŶ_TYZ�XSY�_hVaXaZYŴWh�]c�YgW��SXZŶUTYaSX�ª_X_�Ŵ��YgW��̀ XŴ�Zg_bb�êSiahW�fŜ�TSŜhaX_YaSX�Sf�ZUTg�fŜTWZ�̀aYg�YgW��Ŝd�Sf�YgW��SXŶ_TYŜ��̀gS�Zg_bb�TSSeŴ_YW�̀aYg�YgWV[k��m�m���XbWZZ�SYgŴ̀ aZW�êSiahWh�aX�YgW��SXŶ_TY�RSTUVWXYZ��̀gWX�YgW��̀ XŴ�eŴfŜVZ�TSXZŶUTYaSX�Ŝ�SeŴ_YaSXZ�Ŵb_YWh�YS�YgW�©̂S�WTY�̀aYg�YgW��̀ XŴ�Z�S̀X�fŜTWZ��YgW��̀ XŴ�Zg_bb�]W�hWWVWh�YS�]W�ZU]�WTY�YS�YgW�Z_VW�S]ba�_YaSXZ�_Xh�YS�g_iW�YgW�Z_VW�̂a�gYZ�Yg_Y�_eebc�YS�YgW��SXŶ_TYŜ�UXhŴ�YgW��SXhaYaSXZ�Sf�YgW��SXŶ_TY��aXTbUhaX���̀aYgSUY�W¬TbUhaX��SYgŴZ��YgSZW�ZY_YWh�aX�«̂YaTbW����YgaZ�«̂YaTbW���_Xh�«̂YaTbWZ��������_Xh���[k��m��®{r{�̄��uw°pqws|s̄sr±k��m�m��̈gW��SXŶ_TYŜ�Zg_bb�_ffŜh�YgW��̀ XŴ�Z�S̀X�fŜTWZ���SXZŶUTYaSX�ª_X_�Ŵ�_Xh�SYgŴ�ªUbYaebW�©̂aVW��SXŶ_TYŜZ�̂W_ZSX_]bW�SeeŜYUXaYc�fŜ�aXŶShUTYaSX�_Xh�ZYŜ_�W�Sf�YgWâ�V_YŴa_bZ�_Xh�W�UaeVWXY�_Xh�eŴfŜV_XTW�Sf�YgWâ�_TYaiaYaWZ��_Xh�Zg_bb�TSXXWTY�_Xh�TSŜhaX_YW�YgW��SXŶ_TYŜ�Z�TSXZŶUTYaSX�_Xh�SeŴ_YaSXZ�̀aYg�YgWâZ�_Z�̂W�UâWh�]c�YgW��SXŶ_TY�RSTUVWXYZ[k��m�m���f�e_̂Y�Sf�YgW��SXŶ_TYŜ�Z��Ŝd�hWeWXhZ�fŜ�êSeŴ�W¬WTUYaSX�Ŝ�̂WZUbYZ�UeSX�TSXZŶUTYaSX�Ŝ�SeŴ_YaSXZ�]c�YgW��̀ XŴ�Z�S̀X�fŜTWZ�Ŝ�SYgŴ�ªUbYaebW�©̂aVW��SXŶ_TYŜZ��YgW��SXŶ_TYŜ�Zg_bb��êaŜ�YS�êSTWWhaX��̀aYg�Yg_Y�eŜYaSX�Sf�YgW��Ŝd��êSVeYbc�̂WeŜY�YS�YgW��SXZŶUTYaSX�ª_X_�Ŵ�_Xh�«̂TgaYWTY�_ee_̂WXY�haZT̂We_XTaWZ�Ŝ�hWfWTYZ�aX�ZUTg�SYgŴ�TSXZŶUTYaSX�Yg_Y�̀SUbh�̂WXhŴ�aY�UXZUaY_]bW�fŜ�ZUTg�êSeŴ�W¬WTUYaSX�_Xh�̂WZUbYZ[�²_abÛW�Sf�YgW��SXŶ_TYŜ�ZS�YS�̂WeŜY�Zg_bb�TSXZYaYUYW�_X�_TdXS̀bWh�VWXY�Yg_Y�YgW��̀ XŴ�Z�S̀X�fŜTWZ�Ŝ�SYgŴ�ªUbYaebW�©̂aVW��SXŶ_TYŜZ��TSVebWYWh�Ŝ�e_̂Ya_bbc�TSVebWYWh�TSXZŶUTYaSX�aZ�faY�_Xh�êSeŴ�YS�̂WTWaiW�YgW��SXŶ_TYŜ�Z��Ŝd��W¬TWeY�_Z�YS�hWfWTYZ�XSY�YgWX�Ŵ_ZSX_]bc�haZTSiŴ_]bW[k��m�m��̈gW��SXŶ_TYŜ�Zg_bb�̂WaV]ÛZW�YgW��̀ XŴ�fŜ�TSZYZ�YgW��̀ XŴ�aXTÛZ��aXTbUhaX��TSZYZ�Yg_Y�_̂W�e_c_]bW�YS�_�ZWe_̂_YW�TSXŶ_TYŜ�Ŝ�YS�SYgŴ�ªUbYaebW�©̂aVW��SXŶ_TYŜZ�]WT_UZW�Sf�YgW��SXŶ_TYŜ�Z�hWb_cZ��aVêSeŴbc�YaVWh�_TYaiaYaWZ�Ŝ�hWfWTYaiW�TSXZŶUTYaSX[�
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R�STUTV�WXY�Z[\]̂_̀][̂�aX_bb�ĉ[dc]be�̂YdYfe�f_d_gY�]XY�Z[\]̂_̀][̂�ĥ[\gijbbe�̀_jaYa�][�̀[dcbY]Yf�[̂�c_̂]k_bbe�[̀dcbY]Yf�̀[\a]̂j̀]k[\�[̂�][�ĉ[cŶ]e�[i�]XY�lh\Ŷm�aYc_̂_]Y�̀[\]̂_̀][̂am�[̂�[]XŶ�njb]kcbY�ôkdY�Z[\]̂_̀][̂a�_a�ĉ[pkfYf�k\�qỲ]k[\�rstutvtR�STUTw�WXY�lh\Ŷ�_\f�[]XŶ�njb]kcbY�ôkdY�Z[\]̂_̀][̂a�aX_bb�X_pY�]XY�a_dY�̂Yac[\akxkbk]kYa�i[̂�̀j]]k\g�_\f�c_]̀Xk\g�_a�_̂Y�fYà̂kxYf�i[̂�]XY�Z[\]̂_̀][̂�k\�qỲ]k[\�ytrztR�ST{�|}~������������������~����i�_�fkacj]Y�_̂kaYa�_d[\g�]XY�Z[\]̂_̀][̂m�[]XŶ�njb]kcbY�ôkdY�Z[\]̂_̀][̂a�_\f�]XY�lh\Ŷ�_a�][�]XY�̂Yac[\akxkbk]e�j\fŶ�]XYk̂�̂YacỲ]kpY�̀[\]̂_̀]a�i[̂�d_k\]_k\k\g�]XY�ĉYdkaYa�_\f�aĵ̂[j\fk\g�_̂Y_�îYY�î[d�h_a]Y�d_]Ŷk_ba�_\f�ĵxxkaXm�]XY�lh\Ŷ�d_e�̀bY_\�jc�_\f�]XY�Z[\a]̂j̀]k[\�n_\_gŶm�hk]X�\[]k̀Y�][�]XY��̂ X̀k]Ỳ]m�hkbb�_bb[̀_]Y�]XY�̀[a]�_d[\g�]X[aY�̂Yac[\akxbYt����������������������������|��R��T����~����R��T�T��ZX_\gYa�k\�]XY��[̂��d_e�xY�_̀ [̀dcbkaXYf�_i]Ŷ�Y�Ỳj]k[\�[i�]XY�Z[\]̂_̀]m�_\f�hk]X[j]�k\p_bkf_]k\g�]XY�Z[\]̂_̀]m�xe�ZX_\gY�l̂fŶm�Z[\a]̂j̀]k[\�ZX_\gY� k̂Ỳ]kpY�[̂�[̂fŶ�i[̂�_�dk\[̂�̀X_\gY�k\�]XY��[̂�m�ajx¡Ỳ]�][�]XY�bkdk]_]k[\a�a]_]Yf�k\�]Xka��̂]k̀bY�¢�_\f�YbaYhXŶY�k\�]XY�Z[\]̂_̀]� [̀jdY\]atR��T�TU���ZX_\gY�l̂fŶ�aX_bb�xY�x_aYf�jc[\�_ĝYYdY\]�_d[\g�]XY�lh\Ŷm�Z[\a]̂j̀]k[\�n_\_gŶm��̂ X̀k]Ỳ]�_\f�Z[\]̂_̀][̂£�_�Z[\a]̂j̀]k[\�ZX_\gY� k̂Ỳ]kpY�̂Y¤jk̂Ya�_ĝYYdY\]�xe�]XY�lh\Ŷm�Z[\a]̂j̀]k[\�n_\_gŶ�_\f��̂ X̀k]Ỳ]�_\f�d_e�[̂�d_e�\[]�xY�_ĝYYf�][�xe�]XY�Z[\]̂_̀][̂£�_\�[̂fŶ�i[̂�_�dk\[̂�̀X_\gY�k\�]XY��[̂��d_e�xY�kaajYf�xe�]XY��̂ X̀k]Ỳ]�_b[\YtR��T�T{�ZX_\gYa�k\�]XY��[̂��aX_bb�xY�cŶi[̂dYf�j\fŶ�_ccbk̀_xbY�ĉ[pkak[\a�[i�]XY�Z[\]̂_̀]� [̀jdY\]am�_\f�]XY�Z[\]̂_̀][̂�aX_bb�ĉ[̀YYf�ĉ[dc]bem�j\bYaa�[]XŶhkaY�ĉ[pkfYf�k\�]XY�ZX_\gY�l̂fŶm�Z[\a]̂j̀]k[\�ZX_\gY� k̂Ỳ]kpY�[̂�[̂fŶ�i[̂�_�dk\[̂�̀X_\gY�k\�]XY��[̂�t¥�¦§̈§©�WXY�_bb[h_\̀Y�i[̂�]XY�̀[dxk\Yf�[pŶXY_f�_\f�ĉ[ik]�k\̀bjfYf�k\�]XY�][]_b�̀[a]�][�]XY�lh\Ŷ�aX_bb�xY�_a�i[bb[haª§̈�«kpY�cŶ̀Y\]�¬v®�[i�]XY�̀[a]a�[i�b_x[̂�_\f�d_]Ŷk_b�i[̂�[pŶXY_ft§̄��\�_ffk]k[\_b�]Y\�cŶ̀Y\]�¬rs®�[i�]XY�p_bjY�[i�b_x[̂�_\f�d_]Ŷk_ba�i[̂�ĉ[ik]t��XY\�Z[\]̂_̀][̂�jaYa�k]a�qjx̀[\]̂_̀][̂�][�cŶi[̂d�]XY�h[̂�m�[pŶXY_f�_\f�ĉ[ik]�aX_bb�xY�fY]Ŷdk\Yf�_]�ikpY�cŶ̀Y\]�¬v®�[i�]XY�qjx̀[\]̂_̀][̂°a�̀[a]�i[̂�b_x[̂m�Y¤jkcdY\]�_\f�d_]Ŷk_bam�ki�_\et§±�WXY�_bb[h_\̀Y�i[̂�]XY�̀[dxk\Y�[pŶXY_f�_\f�ĉ[ik]�¬i[̂�Z[\]̂_̀][̂m�ajx̀[\]̂_̀][̂m�ajccbkŶa�_\f�̀[\]̂_̀][̂a�[i�_�b[hŶ²]kŶ®�k\̀bjfYf�k\�]XY�][]_b�̀[a]�][�]XY�lh\Ŷ�̀_\\[]�Y�̀YYf�_�d_�kdjd�iYY�[i�iki]YY\�cŶ̀Y\]�¬rv®�[i�]XY�[̀a]t§©�WXY�_ffk]k[\_b�x[\f�̀X_̂gYa�i[̂�]XY�][]_b�̀X_\gY�[̂fŶm�]h[�cŶ̀Y\]�¬u®�[i�]XY�̀[a]�aX_bb�_ba[�_ccbe�][� Yfj̀]�ZX_\gY�[̂fŶat�R��TU����~���|�³�����ZX_\gY�l̂fŶ�ka�_�ĥk]]Y\�k\a]̂jdY\]�ĉYc_̂Yf�xe�]XY�Z[\a]̂j̀]k[\�n_\_gŶ�_\f�akg\Yf�xe�]XY�lh\Ŷm�Z[\a]̂j̀]k[\�n_\_gŶm��̂ X̀k]Ỳ]�_\f�Z[\]̂_̀][̂m�a]_]k\g�]XYk̂�_ĝYYdY\]�jc[\�_bb�[i�]XY�i[bb[hk\gªT� WXY�̀X_\gY�k\�]XY��[̂�£TU WXY�_d[j\]�[i�]XY�_f¡ja]dY\]m�ki�_\em�k\�]XY�Z[\]̂_̀]�qjd£�_\fT{ WXY�Y�]Y\]�[i�]XY�_f¡ja]dY\]m�ki�_\em�k\�]XY�Z[\]̂_̀]�WkdYtR��T{���~���́µ���~����~���¶���µ��·��R��T{T����Z[\a]̂j̀]k[\�ZX_\gY� k̂Ỳ]kpY�ka�_�ĥk]]Y\�[̂fŶ�ĉYc_̂Yf�xe�]XY�Z[\a]̂j̀]k[\�n_\_gŶ�_\f�akg\Yf�xe�]XY�lh\Ŷm�Z[\a]̂j̀]k[\�n_\_gŶ�_\f��̂ X̀k]Ỳ]m�fk̂Ỳ]k\g�_�̀X_\gY�k\�]XY��[̂��ĉk[̂�][�_ĝYYdY\]�[\�_f¡ja]dY\]m�ki�_\em�k\�]XY�Z[\]̂_̀]�qjd�[̂�Z[\]̂_̀]�WkdYm�[̂�x[]Xt�WXY�lh\Ŷ�d_e�xe�Z[\a]̂j̀]k[\�ZX_\gY� k̂Ỳ]kpYm�hk]X[j]�k\p_bkf_]k\g�]XY�Z[\]̂_̀]m�[̂fŶ�̀X_\gYa�k\�]XY��[̂��hk]Xk\�]XY�gY\Ŷ_b�à[cY�[i�]XY�Z[\]̂_̀]�̀[\aka]k\g�[i�_ffk]k[\am�fYbY]k[\a�[̂�[]XŶ�̂Ypkak[\am�]XY�Z[\]̂_̀]�qjd�_\f�Z[\]̂_̀]�WkdY�xYk\g�_f¡ja]Yf�_̀ [̀̂fk\gbetR��T{TU���Z[\a]̂j̀]k[\�ZX_\gY� k̂Ỳ]kpY�aX_bb�xY�jaYf�k\�]XY�_xaY\̀Y�[i�][]_b�_ĝYYdY\]�[\�]XY�]Ŷda�[i�_�ZX_\gY�l̂fŶt
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R�STUTU�VW�XYZ�[\]̂X_̀aXb\]�[Yc]dZ�eb_ZaXbfZ�g_\fbhẐ�W\_�c]�chì̂XjZ]X�X\�XYZ�[\]X_caX�k̀jl�XYZ�chì̂XjZ]X�̂Ycmm�nZ�nĉZh�\]�\]Z�\W�XYZ�W\mm\ob]d�jZXY\ĥpTq r X̀̀cm�caaZgXc]aZ�\W�c�m̀jg�̂̀j�g_\gZ_ms�bXZjbtZh�c]h�̂̀gg\_XZh�ns�̂̀WWbabZ]X�̂̀n̂Xc]XbcXb]d�hcXc�X\�gZ_jbX�Zfcm̀cXb\]uTv w]bX�g_baẐ�̂XcXZh�b]�XYZ�[\]X_caX�e\àjZ]X̂�\_�̂̀n̂Zx̀Z]Xms�cd_ZZh�̀g\]uTU [\̂X�X\�nZ�hZXZ_jb]Zh�b]�c�jc]]Z_�cd_ZZh�̀g\]�ns�XYZ�gc_XbẐ�c]h�c�j̀ X̀cmms�caaZgXcnmZ�WbyZh�\_�gZ_aZ]XcdZ�WZZu�\_Tz {̂�g_\fbhZh�b]�kZaXb\]�|}~}|}R�STUTz�VW���������������������]̀bX�g_baẐ�c_Z�̂XcXZh�b]�XYZ�[\]X_caX�e\àjZ]X̂�\_�̂̀n̂Zx̀Z]Xms�cd_ZZh�̀g\]l�c]h�bW�x̀c]XbXbẐ�\_bdb]cmms�a\]XZjgmcXZh�c_Z�jcXZ_bcmms�aYc]dZh�b]�c�g_\g\̂Zh�[Yc]dZ��_hZ_�\_�[\]̂X_̀aXb\]�[Yc]dZ�eb_ZaXbfZ�̂\�XYcX�cggmbacXb\]�\W�̂̀aY�̀]bX�g_baẐ�X\�x̀c]XbXbẐ�\W��\_��g_\g\̂Zh�obmm�ac̀ Ẑ�̂̀n̂Xc]Xbcm�b]Zx̀bXs�X\�XYZ��o]Z_�\_�[\]X_caX\_l�XYZ�cggmbacnmZ�̀]bX�g_baẐ�̂Ycmm�nZ�Zx̀bXcnms�chì̂XZh}R�STUT��wg\]�_ZaZbgX�\W�c�[\]̂X_̀aXb\]�[Yc]dZ�eb_ZaXbfZl�XYZ�[\]X_caX\_�̂Ycmm�g_\jgXms�g_\aZZh�obXY�XYZ�aYc]dZ�b]�XYZ��\_��b]f\mfZh�c]h�chfb̂Z�XYZ�[\]̂X_̀aXb\]�rc]cdZ_�c]h�{_aYbXZaX�\W�XYZ�[\]X_caX\_�̂�cd_ZZjZ]X�\_�hb̂cd_ZZjZ]X�obXY�XYZ�jZXY\hl�bW�c]sl�g_\fbhZh�b]�XYZ�[\]̂X_̀aXb\]�[Yc]dZ�eb_ZaXbfZ�W\_�hZXZ_jb]b]d�XYZ�g_\g\̂Zh�chì̂XjZ]X�b]�XYZ�[\]X_caX�k̀j�\_�[\]X_caX��bjZ}R�STUT��{�[\]̂X_̀aXb\]�[Yc]dZ�eb_ZaXbfZ�̂bd]Zh�ns�XYZ�[\]X_caX\_�b]hbacXẐ�XYZ�[\]X_caX\_�̂�cd_ZZjZ]X�XYZ_ZobXYl�b]am̀hb]d�chì̂XjZ]X�b]�[\]X_caX�k̀j�c]h�[\]X_caX��bjZ�\_�XYZ�jZXY\h�W\_�hZXZ_jb]b]d�XYZj}�k̀aY�cd_ZZjZ]X�̂Ycmm�nZ�ZWWZaXbfZ�bjjZhbcXZms�c]h�̂Ycmm�nZ�_Za\_hZh�ĉ�c�[Yc]dZ��_hZ_}R�STUTS�VW�XYZ�[\]X_caX\_�h\Ẑ�]\X�_Ẑg\]h�g_\jgXms�\_�hb̂cd_ZẐ�obXY�XYZ�jZXY\h�W\_�chì̂XjZ]X�b]�XYZ�[\]X_caX�k̀jl�XYZ�[\]̂X_̀aXb\]�rc]cdZ_�̂Ycmm�hZXZ_jb]Z�XYZ�jZXY\h�c]h�XYZ�chì̂XjZ]X�\]�XYZ�nĉb̂�\W�_Zĉ\]cnmZ�ZygZ]hbX̀_Ẑ�c]h�ĉfb]d̂�\W�XY\̂Z�gZ_W\_jb]d�XYZ��\_��cXX_bǹXcnmZ�X\�XYZ�aYc]dZl�b]am̀hb]dl�b]�aĉZ�\W�c]�b]a_ZĉZ�b]�XYZ�[\]X_caX�k̀jl�c]�cj\̀]X�W\_�\fZ_YZch�c]h�g_\WbX�ĉ�̂ZX�W\_XY�b]�XYZ�{d_ZZjZ]Xl�\_�bW�]\�̂̀aY�cj\̀]X�b̂�̂ZX�W\_XY�b]�XYZ�{d_ZZjZ]Xl�c�_Zĉ\]cnmZ�cj\̀]X}�V]�̂̀aY�aĉZl�c]h�cm̂\�̀]hZ_�kZaXb\]�|}~}~}~l�XYZ�[\]X_caX\_�̂Ycmm��ZZg�c]h�g_ẐZ]Xl�b]�̂̀aY�W\_j�ĉ�XYZ�[\]̂X_̀aXb\]�rc]cdZ_�jcs�g_Ẑa_bnZl�c]�bXZjbtZh�caa\̀]Xb]d�X\dZXYZ_�obXY�cgg_\g_bcXZ�̂̀gg\_Xb]d�hcXc}�w]mẐ̂�\XYZ_ob̂Z�g_\fbhZh�b]�XYZ�[\]X_caX�e\àjZ]X̂l�a\̂X̂�W\_�XYZ�g̀_g\̂Ẑ�\W�XYb̂�kZaXb\]�|}~}|�̂Ycmm�nZ�mbjbXZh�X\�XYZ�W\mm\ob]dpTq [\̂X̂�\W�mcn\_l�b]am̀hb]d�̂\abcm�̂Zà_bXs�c]h�̀]Zjgm\sjZ]X�b]̂ _̀c]aZl�W_b]dZ�nZ]ZWbX̂�_Zx̀b_Zh�ns�cd_ZZjZ]X�\_�à X̂\jl�c]h�o\_�Z_̂�a\jgZ]̂cXb\]�b]̂ _̀c]aZ�hb_ZaXms�_ZmcXZh�X\�XYZ��\_�uTv [\̂X̂�\W�jcXZ_bcm̂l�̂̀ggmbẐ�c]h�Zx̀bgjZ]Xl�b]am̀hb]d�a\̂X�\W�X_c]̂g\_XcXb\]��]\X�]\_jcm�a\jj̀ XZ�X\�o\_��fZYbamẐ�l�X\�XYZ��_\iZaX�̂bXZl�hb_ZaXms�_ZmcXZh�X\�XYZ��\_�l�oYZXYZ_�b]a\_g\_cXZh�\_�a\]̂ j̀ZhuTU �Z]Xcm�a\̂X̂�\W�jcaYb]Z_s�c]h�Zx̀bgjZ]Xl�Zyam̀̂bfZ�\W�Yc]h�X\\m̂�c]h�Zx̀bgjZ]X�]\_jcmms�Z]àjnZ_Zh�X\�gZ_W\_j�XYZ�o\_�l�oYZXYZ_�_Z]XZh�W_\j�XYZ�[\]X_caX\_�\_�\XYZ_̂}R�STUT���YZ�cj\̀]X�\W�a_ZhbX�X\�nZ�cmm\oZh�ns�XYZ�[\]X_caX\_�X\�XYZ��o]Z_�W\_�c�hZmZXb\]�\_�aYc]dZ�XYcX�_Ẑ̀ mX̂�b]�c�]ZX�hZa_ZĉZ�b]�XYZ�[\]X_caX�k̀j�̂Ycmm�nZ�caX̀cm�]ZX�a\̂X�ĉ�a\]Wb_jZh�ns�XYZ�[\]̂X_̀aXb\]�rc]cdZ_�c]h�{_aYbXZaX}��YZ]�n\XY�chhbXb\]̂�c]h�a_ZhbX̂�a\fZ_b]d�_ZmcXZh��\_��\_�̂̀n̂XbX̀Xb\]̂�c_Z�b]f\mfZh�b]�c�aYc]dZl�XYZ�cmm\oc]aZ�W\_�\fZ_YZch�c]h�g_\WbX�̂Ycmm�nZ�Wbd̀_Zh�\]�XYZ�nĉb̂�\W�]ZX�b]a_ZĉZl�bW�c]sl�obXY�_ẐgZaX�X\�XYcX�aYc]dZ}R�STUT���Z]hb]d�Wb]cm�hZXZ_jb]cXb\]�\W�XYZ�X\Xcm�a\̂X�\W�c�[\]̂X_̀aXb\]�[Yc]dZ�eb_ZaXbfZ�X\�XYZ��o]Z_l�XYZ�[\]X_caX\_�jcs�_Zx̀ẐX�gcsjZ]X�W\_��\_��a\jgmZXZh�̀]hZ_�XYZ�[\]̂X_̀aXb\]�[Yc]dZ�eb_ZaXbfZ�b]�{ggmbacXb\]̂�W\_��csjZ]X}��YZ�[\]̂X_̀aXb\]�rc]cdZ_�c]h�{_aYbXZaX�obmm�jc�Z�c]�b]XZ_bj�hZXZ_jb]cXb\]�W\_�g̀_g\̂Ẑ�\W�j\]XYms�aZ_XbWbacXb\]�W\_�gcsjZ]X�W\_�XY\̂Z�a\̂X̂�c]h�aZ_XbWs�W\_�gcsjZ]X�XYZ�cj\̀]X�XYcX�XYZ�[\]̂X_̀aXb\]�rc]cdZ_�c]h�{_aYbXZaX�hZXZ_jb]Z�X\�nZ�_Zĉ\]cnms�ì̂XbWbZh}��YZ�b]XZ_bj�hZXZ_jb]cXb\]�\W�a\̂X�̂Ycmm�chì̂X�XYZ�[\]X_caX�k̀j�\]�XYZ�̂cjZ�nĉb̂�ĉ�c�[Yc]dZ��_hZ_l�̂̀niZaX�X\�XYZ�_bdYX�\W�ZbXYZ_�gc_Xs�X\�hb̂cd_ZZ�c]h�ĉ̂Z_X�c�[mcbj�b]�caa\_hc]aZ�obXY�{_XbamZ���}R�STUTq���YZ]�XYZ��o]Z_�c]h�[\]X_caX\_�cd_ZZ�obXY�c�hZXZ_jb]cXb\]�jchZ�ns�XYZ�[\]̂X_̀aXb\]�rc]cdZ_�c]h�{_aYbXZaX�a\]aZ_]b]d�XYZ�chì̂XjZ]X̂�b]�XYZ�[\]X_caX�k̀j�c]h�[\]X_caX��bjZl�\_�\XYZ_ob̂Z�_ZcaY�cd_ZZjZ]X�̀g\]�XYZ�chì̂XjZ]X̂l�̂̀aY�cd_ZZjZ]X�̂Ycmm�nZ�ZWWZaXbfZ�bjjZhbcXZms�c]h�XYZ�[\]̂X_̀aXb\]�rc]cdZ_�̂Ycmm�g_Zgc_Z�c�[Yc]dZ��_hZ_}�[Yc]dZ��_hZ_̂�jcs�nZ�b̂̂ Z̀h�W\_�cmm�\_�c]s�gc_X�\W�c�[\]̂X_̀aXb\]�[Yc]dZ�eb_ZaXbfZ}
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QRSTUVW�X���YQZ[W\S]�Q\̂�U_[YVWST_\�̀Xab�Ucdefghe�]ijklm�nopqrstq�uvw�xy�yqsqmz�xp�qlm�{|rmmwmpq�spz}�xpt~vzxp|�svqlorx�mz�sz�vyqwmpqy}�xy�qlm�qoqs~�swovpq��s�s�~m����qlm���pmr�qo�qlm�nopqrstqor��or��mr�orwsptm�o��qlm��or��vpzmr�qlm�nopqrstq��otvwmpqy����������������������̀Xa��]h���i���c���g�i���lmrm�qlm�nopqrstq�xy��symz�op�s�uqx�v~sqmz�uvw�or� vsrspqmmz�¡s¢xwvw�£rxtm}�qlm�nopqrstqor�yls~~�yv�wxq�qo�qlm�nopyqrvtqxop�¡sps|mr}��m�orm�qlm��xryq�{��~xtsqxop��or�£s�wmpq}�s�ytlmzv~m�o��¤s~vmy�s~~otsqxp|�qlm�mpqxrm�nopqrstq�uvw�qo�qlm�¤srxovy��orqxopy�o��qlm��or��spz��rm�srmz�xp�yvtl��orw�spz�yv��orqmz����yvtl�zsqs�qo�yv�yqspqxsqm�xqy�sttvrst��sy�qlm�nopyqrvtqxop�¡sps|mr�spz�{rtlxqmtq�ws��rm¥vxrm}�xpt~vzxp|�to�xmy�o��qlm�nopqrstqor¦uv�topqrstqor�s|rmmwmpqy}�x��rm¥vmyqmz��klxy�ytlmzv~m}�vp~myy�o��mtqmz�qo����qlm�nopyqrvtqxop�¡sps|mr�or�{rtlxqmtq}�yls~~��m�vymz�sy�s��syxy��or�rm¤xm�xp|�qlm�nopqrstqor§y�{��~xtsqxopy��or�£s�wmpq��klm�nopyqrvtqxop�¡sps|mr�yls~~��or�srz�qo�qlm�{rtlxqmtq�qlm�nopqrstqor§y�ytlmzv~m�o��¤s~vmy��̀Xä�Q©©�ªhgeªcd���cf�Yg«j�de�̀Xäab�{q�~msyq��x�qmmp�zs�y��m�orm�qlm�zsqm�myqs�~xylmz��or�mstl��ro|rmyy��s�wmpq}�qlm�nopqrstqor�yls~~�yv�wxq�qo�qlm�nopyqrvtqxop�¡sps|mr�sp�xqmwx�mz�{��~xtsqxop��or�£s�wmpq��rm�srmz�xp�sttorzsptm��xql�qlm�ytlmzv~m�o��¤s~vmy}�x��rm¥vxrmz�vpzmr�umtqxop�¬�}��or�tow�~mqmz��orqxopy�o��qlm��or���uvtl�s��~xtsqxop�yls~~��m�poqsrx�mz}�x��rm¥vxrmz}�spz�yv��orqmz����yvtl�zsqs�yv�yqspqxsqxp|�qlm�nopqrstqor§y�rx|lq�qo��s�wmpq�sy�qlm���pmr}�nopyqrvtqxop�¡sps|mr�or�{rtlxqmtq�ws��rm¥vxrm}�yvtl�sy�to�xmy�o��rm¥vxyxqxopy��row�uv�topqrstqory�spz�wsqmrxs~�yv��~xmry}�spz�yls~~�rm�~mtq�rmqsxps|m�x���ro¤xzmz��or�xp�qlm�nopqrstq��otvwmpqy��klm��orw�o��{��~xtsqxop��or�£s�wmpq}�zv~��poqsrx�mz}�yls~~��m�s�tvrrmpq�svqlorx�mz�mzxqxop�o��{®{��otvwmpq� ̄°¦±±¬}�{��~xtsqxop�spz�nmrqx�xtsqm��or�£s�wmpq}�nopyqrvtqxop�¡sps|mr�sy�{z¤xymr�²zxqxop}�wozx�xmz�sy��o~~o�y³®p�́uvwwsr��o��nlsp|my�xp�qlm��or�́}�zm~mqm�́xpt~vzxp|�nopyqrvtqxop�nlsp|m��xrmtqx¤mý®p�{rtlxqmtq§y�yx|psqvrm�xqmw}�zm~mqm�́µ¶�k²³�®��¡v~qx�~m�£rxwm�nopqrstqory�srm�rmy�opyx�~m��or��mr�orwsqqxp|�µyxt·��orqxopy�o��qlm�£ro�mtq}�qlm�{rtlxqmtq§y�nmrqx�xtsqxop�xy�poq�rm¥vxrmz�́�{~qmrpsqx¤m��s�wmpq�s��~xtsqxop��orwy�srm�poq��mrwxqqmz��{®{��otvwmpq� ̄°�yls~~��m�yv��orqmz����s�tvrrmpq�svqlorx�mz�mzxqxop�o��{®{��otvwmpq� ̄±°¦̧¬¬}�nopqxpvsqxop�ulmmq��̀Xäabab�{y��ro¤xzmz�xp�umtqxop�̄�°�¬}�yvtl�s��~xtsqxopy�ws��xpt~vzm�rm¥vmyqy��or��s�wmpq�op�sttovpq�o��tlsp|my�xp�qlm��or��qlsq�ls¤m��mmp��ro�mr~��svqlorx�mz����nopyqrvtqxop�nlsp|m��xrmtqx¤my}�or����xpqmrxw�zmqmrwxpsqxopy�o��qlm�nopyqrvtqxop�¡sps|mr�spz�{rtlxqmtq}��vq�poq��mq�xpt~vzmz�xp�nlsp|m��rzmry��̀Xäaba��{��~xtsqxopy��or�£s�wmpq�yls~~�poq�xpt~vzm�rm¥vmyqy��or��s�wmpq��or��orqxopy�o��qlm��or���or��lxtl�qlm�nopqrstqor�zomy�poq�xpqmpz�qo��s��s�uv�topqrstqor�or�wsqmrxs~�yv��~xmr�vp~myy�yvtl��or��lsy��mmp��mr�orwmz����oqlmry��low�qlm�nopqrstqor�xpqmpzy�qo��s��¹�º»¼»½»¼�¾pqx~�uv�yqspqxs~�now�~mqxop}�qlm���pmr�yls~~��s��¬¿��mrtmpq�o��qlm�swovpq�zvm�qlm�nopqrstqor�op�sttovpq�o���ro|rmyy��s�wmpqy��{q�uv�yqspqxs~�now�~mqxop}�qlm�{rtlxqmtq�ws��svqlorx�m�rmwsxpxp|��srqxs~��s�wmpqy�qo��m�wszm�xp��v~~}�~myy�q�xtm�qlm�¤s~vm�o��xqmwy�rmwsxpxp|�qo��m�tow�~mqmz�spz�sp�swovpq�pmtmyysr��qo�ysqxy���sp��ovqyqspzxp|�t~sxwy}�~xmpy}�or��vz|wmpqy�¹�º»¼»½»À��{��~xtsqxopy��or�£s�wmpq�wvyq��m�sttow�spxmz����sp��spz�s~~�rm~msymy�o��~xmpy��or��rm¤xovy�s��~xtsqxopy��row�nopqrstqor�spz�lxyÁlmr�yv�topqrstqory�spz�s�y�orp�spz�poqsrx�mz�yqsqmwmpq�qlsq�s~~�yv�topqrstqory�ls¤m��mmp��sxz�qo�sq�~msyq�¬¿Â�o���rm¤xovy~��rm¥vxyxqxopmz�yvwy��̀Xäa��¾p~myy�oqlmr�xym��ro¤xzmz�xp�qlm�nopqrstq��otvwmpqy}��s�wmpqy�yls~~��m�wszm�op�sttovpq�o��wsqmrxs~y�spz�m¥vx�wmpq�zm~x¤mrmz�spz�yvxqs�~��yqormz�sq�qlm�yxqm��or�yv�ym¥vmpq�xptor�orsqxop�xp�qlm��or���®��s��ro¤mz�xp�sz¤sptm����qlm���pmr}��s�wmpq�ws��yxwx~sr~���m�wszm��or�wsqmrxs~y�spz�m¥vx�wmpq�yvxqs�~��yqormz�o���qlm�yxqm�sq�s�~otsqxop�s|rmmz�v�op�xp��rxqxp|��£s�wmpq��or�wsqmrxs~y�spz�m¥vx�wmpq�yqormz�op�or�o���qlm�yxqm�yls~~��m�topzxqxopmz�v�op�tow�~xsptm����qlm�nopqrstqor��xql��rotmzvrmy�ysqxy�stqor��qo�qlm���pmr�qo�myqs�~xyl�qlm���pmr§y�qxq~m�qo�yvtl�wsqmrxs~y�spz�m¥vx�wmpq�or�oqlmr�xym��roqmtq�qlm���pmr§y�xpqmrmyq}�spz�yls~~�xpt~vzm�qlm�toyqy�o��s��~xts�~m�xpyvrsptm}�yqors|m�
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QRS�TUQRVWXUTQTYXR�TX�TZ[�VYT[�\XU�V]̂Z�_QT[UYQ̀V�QRS�[a]YW_[RT�VTXU[S�X\\�TZ[�VYT[bb��cZ[�deR[U�VZQ̀̀�ZQf[�TZ[�UYgZTh�QT�QRi�TY_[�XR�U[QVXRQj̀[�RXTŶ[�TX�YRVW[̂T�_QT[UYQ̀V�QRS�[a]YW_[RT�eZŶZ�ZQf[�j[[R�VTXU[S�X\\�TZ[�VYT[�YR�Q̂ X̂USQR̂[�eYTZ�TZYV�WQUQgUQWZbk�lmnmomp�qUX̂[S]U[V�U[a]YU[S�ji�deR[U�VZQ̀̀�YR̂ ]̀S[h�j]T�QU[�RXT�R[̂[VVQUỲi�̀Y_YT[S�TXh�V]j_YVVYXR�ji�TZ[�rXRTUQ̂TXU�TX�TZ[�sÛZYT[̂Th�eYTZh�X\�jỲ̀V�X\�VQ̀[�QRS�jỲ̀V�X\�̀QSYRg�\XU�V]̂Z�_QT[UYQ̀V�QRS�[a]YW_[RTh�WUXfYVYXR�X\�XWWXUT]RYTi�\XU�sÛZYT[̂TtV�fYV]Q̀�f[UY\ŶQTYXR�TZQT�V]̂Z�_QT[UYQ̀V�QRS�[a]YW_[RT�QU[�YR�\Q̂T�YR�VTXUQg[h�QRSh�Y\�VTXU[S�X\\uVYT[h�V]j_YVVYXR�ji�TZ[�rXRTUQ̂TXU�X\�f[UY\ŶQTYXR�TZQT�V]̂Z�_QT[UYQ̀V�QRS�[a]YW_[RT�QU[�VTXU[S�YR�Q�jXRS[S�eQU[ZX]V[bk�lmnmomo�s̀ �̀V]̂Z�_QT[UYQ̀V�QRS�[a]YW_[RTh�YR̂ ]̀SYRg�_QT[UYQ̀V�QRS�[a]YW_[RT�VTXU[S�XRuVYT[�j]T�RXT�i[T�YR̂XUWXUQT[S�YRTX�TZ[�vXUwh�]WXR�eZŶZ�WQUTYQ̀�WQi_[RTV�ZQf[�j[[R�_QS[�VZQ̀̀�j[̂X_[�TZ[�WUXW[UTi�X\�TZ[�deR[Uh�j]T�TZ[�̂QU[�QRS�WUXT[̂TYXR�X\�V]̂Z�_QT[UYQ̀V�QRS�[a]YW_[RT�VZQ̀̀�U[_QYR�TZ[�U[VWXRVYjỲYTi�X\�TZ[�rXRTUQ̂TXU�]RTỲ�YR̂XUWXUQTYXR�YRTX�TZ[�vXUwh�YR̂ ]̀SYRg�_QYRTQYRYRg�YRV]UQR̂[�̂Xf[UQg[�XR�Q�U[ẀQ̂[_[RT�̂XVT�jQVYV�eYTZX]T�fX̀]RTQUi�S[S]̂TYj̀[bk�lmnmomn�qUXX\�X\�YRV]UQR̂[�\XU�YT[_V�VTXU[S�X\\�VYT[�QRS�̂XWY[V�X\�YRfXŶ[V�QU[�TX�j[�WUXfYS[S�eYTZ�sWẀŶQTYXRV�\XU�qQi_[RT�U[a][VTYRg�WQi_[RT�\XU�V]̂Z�YT[_Vbk�lmnmn�cZ[�rXRTUQ̂TXU�eQUUQRTV�TZQT�TYT̀[�TX�Q̀̀�vXUw�̂Xf[U[S�ji�QR�sWẀŶQTYXR�\XU�qQi_[RT�eỲ̀�WQVV�TX�TZ[�deR[U�RX�Q̀T[U�TZQR�TZ[�TY_[�X\�WQi_[RTb�cZ[�rXRTUQ̂TXU�\]UTZ[U�eQUUQRTV�TZQT�]WXR�V]j_YTTQ̀�X\�QR�sWẀŶQTYXR�\XU�qQi_[RT�Q̀̀�vXUw�\XU�eZŶZ�r[UTY\ŶQT[V�\XU�qQi_[RT�ZQf[�j[[R�WU[fYX]V̀i�YVV][S�QRS�WQi_[RTV�U[̂[Yf[S�\UX_�TZ[�deR[U�VZQ̀̀h�TX�TZ[�j[VT�X\�TZ[�rXRTUQ̂TXUtV�wRXè[Sg[h�YR\XU_QTYXR�QRS�j[̀Y[\h�j[�\U[[�QRS�̂̀[QU�X\�̀Y[RVh�̂̀QY_Vh�V[̂]UYTi�YRT[U[VTV�XU�[R̂]_jUQR̂[V�YR�\QfXU�X\�TZ[�rXRTUQ̂TXUh�x]ĵXRTUQ̂TXUVh�_QT[UYQ̀�V]WẀY[UVh�XU�XTZ[U�W[UVXRV�XU�[RTYTY[V�_QwYRg�Q�^̀QY_�ji�U[QVXR�X\�ZQfYRg�WUXfYS[S�̀QjXUh�_QT[UYQ̀V�QRS�[a]YW_[RT�U[̀QTYRg�TX�TZ[�vXUwbk�lmy�z{|}~�~��}{����|�����{�}k�lmymp�rXRVTU]̂TYXR��QRQg[U�eỲ̀h�eYTZYR�V[f[R�SQiV�Q\T[U�TZ[�rXRVTU]̂TYXR��QRQg[UtV�U[̂[YWT�X\�TZ[�rXRTUQ̂TXUtV�sWẀŶQTYXR�\XU�qQi_[RTh�U[fY[e�TZ[�sWẀŶQTYXRh�̂[UTY\i�TZ[�Q_X]RT�TZ[�rXRVTU]̂TYXR��QRQg[U�S[T[U_YR[V�YV�S][�TZ[�rXRTUQ̂TXUh�QRS�\XUeQUS�TZ[�rXRTUQ̂TXUtV�sWẀŶQTYXR�QRS�r[UTY\ŶQT[�\XU�qQi_[RT�TX�TZ[�sÛZYT[̂Tb�vYTZYR�V[f[R�SQiV�Q\T[U�TZ[�sÛZYT[̂T�U[̂[Yf[V�TZ[�rXRTUQ̂TXUtV�sWẀŶQTYXR�\XU�qQi_[RT�\UX_�TZ[�rXRVTU]̂TYXR��QRQg[Uh�TZ[�sÛZYT[̂T�eỲ̀�[YTZ[U�YVV][�TX�TZ[�deR[U�Q�r[UTY\ŶQT[�\XU�qQi_[RTh�eYTZ�Q�̂XWi�TX�TZ[�rXRVTU]̂TYXR��QRQg[Uh�\XU�V]̂Z�Q_X]RT�QV�TZ[�sÛZYT[̂T�S[T[U_YR[V�YV�WUXW[Ùi�S][h�XU�RXTY\i�TZ[�rXRVTU]̂TYXR��QRQg[U�QRS�deR[U�YR�eUYTYRg�X\�TZ[�sÛZYT[̂TtV�U[QVXRV�\XU�eYTZZX̀SYRg�̂[UTY\ŶQTYXR�YR�eZX̀[�XU�YR�WQUT�QV�WUXfYS[S�YR�x[̂TYXR��b�b�b�cZ[�rXRVTU]̂TYXR��QRQg[U�eỲ̀�WUX_WT̀i�\XUeQUS�TX�TZ[�rXRTUQ̂TXU�TZ[�sÛZYT[̂TtV�RXTŶ[�X\�eYTZZX̀SYRg�̂[UTY\ŶQTYXRbk�lmymo�cZ[�rXRVTU]̂TYXR��QRQg[UtV�̂[UTY\ŶQTYXR�X\�QR�sWẀŶQTYXR�\XU�qQi_[RT�VZQ̀̀�j[�jQV[S�]WXR�TZ[�rXRVTU]̂TYXR��QRQg[UtV�[fQ̀]QTYXR�X\�TZ[�vXUw�QRS�TZ[�YR\XU_QTYXR�WUXfYS[S�QV�WQUT�X\�TZ[�sWẀŶQTYXR�\XU�qQi_[RTb�cZ[�rXRVTU]̂TYXR��QRQg[UtV�̂[UTY\ŶQTYXR�eỲ̀�̂XRVTYT]T[�Q�U[WU[V[RTQTYXR�TZQTh�TX�TZ[�j[VT�X\�TZ[�rXRVTU]̂TYXR��QRQg[UtV�wRXè[Sg[h�YR\XU_QTYXR�QRS�j[̀Y[\h�TZ[�vXUw�ZQV�WUXgU[VV[S�TX�TZ[�WXYRT�YRSŶQT[S�QRS�TZ[�a]Q̀YTi�X\�TZ[�vXUw�YV�YR�Q̂ X̂USQR̂[�eYTZ�TZ[�rXRTUQ̂T��X̂]_[RTVb�cZ[�̂[UTY\ŶQTYXR�eỲ̀�Q̀VX�̂XRVTYT]T[�Q�U[̂X__[RSQTYXR�TX�TZ[�sÛZYT[̂T�QRS�deR[U�TZQT�TZ[�rXRTUQ̂TXU�j[�WQYS�TZ[�Q_X]RT�̂[UTY\Y[Sb��������������������k�lmymn�cZ[�sÛZYT[̂TtV�YVV]QR̂[�X\�Q�r[UTY\ŶQT[�\XU�qQi_[RT�VZQ̀̀�j[�jQV[S�]WXR�TZ[�sÛZYT[̂TtV�[fQ̀]QTYXR�X\�TZ[�vXUwh�TZ[�U[̂X__[RSQTYXR�X\�TZ[�rXRVTU]̂TYXR��QRQg[Uh�QRS�YR\XU_QTYXR�WUXfYS[S�QV�WQUT�X\�TZ[�sWẀŶQTYXR�\XU�qQi_[RTb�cZ[�sÛZYT[̂TtV�̂[UTY\ŶQTYXR�eỲ̀�̂XRVTYT]T[�Q�U[WU[V[RTQTYXR�TZQTh�TX�TZ[�j[VT�X\�TZ[�sÛZYT[̂TtV�wRXè[Sg[h�YR\XU_QTYXR�QRS�j[̀Y[\h�TZ[�vXUw�ZQV�WUXgU[VV[S�TX�TZ[�WXYRT�YRSŶQT[Sh�TZQT�TZ[�a]Q̀YTi�X\�TZ[�vXUw�YV�YR�Q̂ X̂USQR̂[�eYTZ�TZ[�rXRTUQ̂T��X̂]_[RTVh�QRS�TZQT�TZ[�rXRTUQ̂TXU�YV�[RTYT̀[S�TX�WQi_[RT�YR�TZ[�Q_X]RT�̂[UTY\Y[Sb�k�lmymy�cZ[�U[WU[V[RTQTYXRV�_QS[�W]UV]QRT�TX�x[̂TYXRV��b�b��QRS��b�b��QU[�V]j�[̂T�TX�QR�[fQ̀]QTYXR�X\�TZ[�vXUw�\XU�X̂R\XU_QR̂[�eYTZ�TZ[�rXRTUQ̂T��X̂]_[RTV�]WXR�x]jVTQRTYQ̀�rX_Ẁ[TYXRh�TX�U[V]̀TV�X\�V]jV[a][RT�T[VTV�QRS�YRVW[̂TYXRVh�TX�̂XUU[̂TYXR�X\�_YRXU�S[fYQTYXRV�\UX_�TZ[�rXRTUQ̂T��X̂]_[RTV�WUYXU�TX�̂X_Ẁ[TYXR�QRS�TX�VW[̂Y\Ŷ�a]Q̀Y\ŶQTYXRV�[�WU[VV[S�ji�TZ[�rXRVTU]̂TYXR��QRQg[U�XU�sÛZYT[̂Tbk�lmym��cZ[�YVV]QR̂[�X\�Q�V[WQUQT[�r[UTY\ŶQT[�\XU�qQi_[RT�eỲ̀�RXT�j[�Q�U[WU[V[RTQTYXR�TZQT�TZ[�rXRVTU]̂TYXR��QRQg[U�XU�sÛZYT[̂T�ZQV�����_QS[�[�ZQ]VTYf[�XU�̂XRTYR]X]V�XRuVYT[�YRVW[̂TYXRV�TX�̂Z[̂w�TZ[�a]Q̀YTi�XU�a]QRTYTi�X\�TZ[�vXUwh�����U[fY[e[S�TZ[�rXRTUQ̂TXUtV�̂XRVTU]̂TYXR�_[QRVh�_[TZXSVh�T[̂ZRYa][Vh�V[a][R̂[V�XU�WUX̂[S]U[Vh�� ��U[fY[e[S�̂XWY[V�X\�U[a]YVYTYXRV�U[̂[Yf[S�\UX_�x]ĵXRTUQ̂TXUV�QRS�_QT[UYQ̀�V]WẀY[UV�QRS�XTZ[U�SQTQ�U[a][VT[S�ji�TZ[�deR[U�TX�V]jVTQRTYQT[�
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QRS�TUVQWXYQUWZ[�W\]RQ�QU�̂X_̀ SVQ�UW�abc�̀XdS�SeX̀\VXQ\UV�QU�X[YSWQX\V�RUf�UW�gUW�fRXQ�̂hŴU[S�QRS�TUVQWXYQUW�RX[�h[Sd�̀UVS_�̂WSi\Uh[j_�̂X\d�UV�XYYUhVQ�Ug�QRS�TUVQWXYQ�kh̀ lmnopoqpors�tuvuwutxy�z{|�}~���������������������~�����������y�z{|{���RS�TUV[QWhYQ\UV��XVX]SW�UW��WYR\QSYQ�̀X_�f\QRRUjd�X�TSWQ\g\YXQS�gUW��X_̀ SVQ�\V�fRUjS�UW�\V�̂XWQ��QU�QRS�SeQSVQ�WSX[UVX�j_�VSYS[[XW_�QU�̂WUQSYQ�QRS��fVSW��\g�\V�QRS�TUV[QWhYQ\UV��XVX]SWZ[�UW��WYR\QSYQZ[�Û\V\UV�QRS�WŜWS[SVQXQ\UV[�QU�QRS��fVSW�WS�h\WSd��_�kSYQ\UV��lblb�XVd��lbl��YXVVUQ��S�̀XdSl��g�QRS�TUV[QWhYQ\UV��XVX]SW�UW��WYR\QSYQ�\[�hVX�jS�QU�YSWQ\g_�̂X_̀ SVQ�\V�QRS�X̀UhVQ�Ug�QRS��̂ ĵ\YXQ\UV��QRS�TUV[QWhYQ\UV��XVX]SW�f\jj�VUQ\g_�QRS�TUVQWXYQUW�XVd��fVSW�X[�̂WUi\dSd�\V�kSYQ\UV��lbl��XVd��lbl�l��g�QRS�TUVQWXYQUW��TUV[QWhYQ\UV��XVX]SW�XVd��WYR\QSYQ�YXVVUQ�X]WSS�UV�X�WSi\[Sd�X̀UhVQ��QRS��WYR\QSYQ�f\jj�̂WÙ Q̂j_�\[[hS�X�TSWQ\g\YXQS�gUW��X_̀ SVQ�gUW�QRS�X̀UhVQ�gUW�fR\YR�QRS��WYR\QSYQ�\[�X�jS�QU�̀X�S�[hYR�WŜWS[SVQXQ\UV[�QU�QRS��fVSWl��RS�TUV[QWhYQ\UV��XVX]SW�UW��WYR\QSYQ�̀X_�Xj[U�f\QRRUjd�X�TSWQ\g\YXQS�gUW��X_̀ SVQ�UW���SYXh[S�Ug�[h�[S�hSVQj_�d\[YUiSWSd�Si\dSVYS�UW�[h�[S�hSVQ�U�[SWiXQ\UV[��̀X_�Vhjj\g_�QRS�fRUjS�UW�X�̂XWQ�Ug�X�TSWQ\g\YXQS�gUW��X_̀ SVQ�̂WSi\Uh[j_�\[[hSd��QU�[hYR�SeQSVQ�X[�̀X_��S�VSYS[[XW_�\V�QRS�TUV[QWhYQ\UV��XVX]SWZ[�UW��WYR\QSYQZ[�Û\V\UV�QU�̂WUQSYQ�QRS��fVSW�gWÙ �jU[[�gUW�fR\YR�QRS�TUVQWXYQUW�\[�WS[̂UV[\�jS��\VYjhd\V]�jU[[�WS[hjQ\V]�gWÙ �QRS�XYQ[�XVd�Ù \[[\UV[�dS[YW\�Sd�\V�kSYQ\UV��l�l���SYXh[S�Ug{� dSgSYQ\iS��UW��VUQ�WS̀Sd\Sd�{� QR\Wd�̂XWQ_�YjX\̀[�g\jSd�UW�WSX[UVX�jS�Si\dSVYS�\Vd\YXQ\V]�̂WU�X�jS�g\j\V]�Ug�[hYR�YjX\̀[�hVjS[[�[SYhW\Q_�XYYŜQX�jS�QU�QRS��fVSW�\[�̂WUi\dSd��_�QRS�TUVQWXYQUW�{  gX\jhWS�Ug�QRS�TUVQWXYQUW�QU�̀X�S�̂X_̀ SVQ[�̂WÛSWj_�QU�kh�YUVQWXYQUW[�UW�gUW�jX�UW��̀XQSW\Xj[�UW�S�h\̂̀ SVQ�{¡ WSX[UVX�jS�Si\dSVYS�QRXQ�QRS��UW��YXVVUQ��S�YÙ ĵSQSd�gUW�QRS�hV̂X\d��XjXVYS�Ug�QRS�TUVQWXYQ�kh̀ �{| dX̀X]S�QU�QRS��fVSW�UW�X�[ŜXWXQS�YUVQWXYQUW�{¢ WSX[UVX�jS�Si\dSVYS�QRXQ�QRS��UW��f\jj�VUQ��S�YÙ ĵSQSd�f\QR\V�QRS�TUVQWXYQ��\̀S��XVd�QRXQ�QRS�hV̂X\d��XjXVYS�fUhjd�VUQ��S�XdS�hXQS�QU�YUiSW�XYQhXj�dX̀X]S[�gUW�QRS�XVQ\Y\̂XQSd�dSjX_��UW{£ WŜSXQSd�gX\jhWS�QU�YXWW_�UhQ�QRS��UW��\V�XYYUWdXVYS�f\QR�QRS�TUVQWXYQ�¤UYh̀ SVQ[l¥��������gX\jhWS�Ug�TUVQWXYQUW�QU�̂WUi\dS�SeSYhQSd�[ĥ ĵS̀SVQXW_��\d�gUẀ[��̂SWgUẀXVYS�XVd�̂X_̀ SVQ��UVd[����������������UW�X�YhWWSVQ�TSWQ\g\YXQS�Ug��V[hWXVYSly�z{|{���RSV�QRS�X�UiS�WSX[UV[�gUW�f\QRRUjd\V]�YSWQ\g\YXQ\UV�XWS�WS̀UiSd��YSWQ\g\YXQ\UV�f\jj��S�̀XdS�gUW�X̀UhVQ[�ŴSi\Uh[j_�f\QRRSjdly�z{|{ ��g�QRS��WYR\QSYQ�UW�TUV[QWhYQ\UV��XVX]SW�f\QRRUjd[�YSWQ\g\YXQ\UV�gUW�̂X_̀ SVQ�hVdSW�kSYQ\UV��l�l���QRS��fVSW�X̀_��XQ�\Q[�[UjS�ÛQ\UV��\[[hS�¦U\VQ�YRSY�[�QU�QRS�TUVQWXYQUW�XVd�QU�XV_�kh�YUVQWXYQUW�UW�̀XQSW\Xj�UW�S�h\̂̀ SVQ�[ĥ ĵ\SW[�QU�fRÙ �QRS�TUVQWXYQUW�gX\jSd�QU�̀X�S�̂X_̀ SVQ�gUW��UW��̂WÛSWj_�̂SWgUẀSd�UW�̀XQSW\Xj�UW�S�h\̂̀ SVQ�[h\QX�j_�dSj\iSWSdl��g�QRS��fVSW�̀X�S[�̂X_̀ SVQ[��_�¦U\VQ�YRSY���QRS��fVSW�[RXjj�VUQ\g_�QRS��WYR\QSYQ�XVd�QRS�TUV[QWhYQ\UV��XVX]SWlmnopoqpors�tuvuwutxy�z{¢�§��̈�~���§�©ª~���y�z{¢{���gQSW�QRS��WYR\QSYQ�RX[�\[[hSd�X�TSWQ\g\YXQS�gUW��X_̀ SVQ��QRS��fVSW�[RXjj�̀X�S�̂X_̀ SVQ�\V�QRS�̀XVVSW�XVd�f\QR\V�QRS�Q\̀S�̂WUi\dSd�\V�QRS�TUVQWXYQ�¤UYh̀ SVQ[��XVd�[RXjj�[U�VUQ\g_�QRS�TUV[QWhYQ\UV��XVX]SW�XVd��WYR\QSYQly�z{¢{���RS�TUVQWXYQUW�[RXjj�̂X_�SXYR�kh�YUVQWXYQUW��VU�jXQSW�QRXV�[SiSV�dX_[�XgQSW�WSYS\̂Q�Ug�̂X_̀ SVQ�gWÙ �QRS��fVSW�QRS�X̀UhVQ�QU�fR\YR�QRS�kh�YUVQWXYQUW�\[�SVQ\QjSd��WSgjSYQ\V]�̂SWYSVQX]S[�XYQhXjj_�WSQX\VSd�gWÙ �̂X_̀ SVQ[�QU�QRS�TUVQWXYQUW�UV�XYYUhVQ�Ug�QRS�kh�YUVQWXYQUWZ[�̂UWQ\UV�Ug�QRS��UW�l��RS�TUVQWXYQUW�[RXjj���_�X̂ ŴÛW\XQS�X]WSS̀SVQ�f\QR�SXYR�kh�YUVQWXYQUW��WS�h\WS�SXYR�kh�YUVQWXYQUW�QU�̀X�S�̂X_̀ SVQ[�QU�kh�«[h�YUVQWXYQUW[�\V�X�[\̀\jXW�̀XVVSWly�z{¢{ ��RS�TUV[QWhYQ\UV��XVX]SW�f\jj��UV�WS�hS[Q��ghWV\[R�QU�X�kh�YUVQWXYQUW��\g�̂WXYQ\YX�jS��\VgUẀXQ\UV�WS]XWd\V]�ŜWYSVQX]S[�Ug�YÙ ĵSQ\UV�UW�X̀UhVQ[�X̂ ĵ\Sd�gUW��_�QRS�TUVQWXYQUW�XVd�XYQ\UV�QX�SV�QRSWSUV��_�QRS�TUV[QWhYQ\UV��XVX]SW�XVd��WYR\QSYQ�UV�XYYUhVQ�Ug�̂UWQ\UV[�Ug�QRS��UW��dUVS��_�[hYR�kh�YUVQWXYQUWly�z{¢{¡��RS��fVSW�RX[�QRS�W\]RQ�QU�WS�hS[Q�fW\QQSV�Si\dSVYS�gWÙ �QRS�TUVQWXYQUW�QRXQ�QRS�TUVQWXYQUW�RX[�̂WÛSWj_�̂X\d�kh�YUVQWXYQUW[�XVd�̀XQSW\Xj�XVd�S�h\̂̀ SVQ�[ĥ ĵ\SW[�X̀UhVQ[�̂X\d��_�QRS��fVSW�QU�QRS�TUVQWXYQUW�gUW�[h�YUVQWXYQSd��UW�l��g�QRS�TUVQWXYQUW�gX\j[�QU�ghWV\[R�[hYR�Si\dSVYS�f\QR\V�[SiSV�dX_[��QRS��fVSW�[RXjj�RXiS�QRS�W\]RQ�QU�YUVQXYQ�kh�YUVQWXYQUW[�QU�X[YSWQX\V�fRSQRSW�QRS_�RXiS��SSV�̂WÛSWj_�̂X\dl�¬S\QRSW�QRS��fVSW��TUV[QWhYQ\UV��XVX]SW�VUW�
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R�STUV�WXYYZ[[\][�̂_̀�a[[bc_[R�STUVUS�def�ghifj�kil�mniojkponj�jfqrfpostfuv�wsil�oefxqfutfqy�oefsj�rkjoifjqy�qzppfqqnjqy�kqqs{iq�kil�uf{ku�jfrjfqfiokostfq�on�pntfikioqy�k{jffxfioq�kil�nwus{kosniq�pnioksifl�si�oef�mniojkpo�|npzxfioq}�~�pfro�kq�rjntslfl�si��fposni���}�}�y�ifsoefj�rkjov�on�oef�mniojkpo�qekuu�kqqs{i�oef�mniojkpo�kq�k�henuf�hsoenzo�hjsoofi�pniqfio�n��oef�noefj}����fsoefj�rkjov�koofxroq�on�xk�f�qzpe�ki�kqqs{ixfio�hsoenzo�qzpe�pniqfioy�oeko�rkjov�qekuu�iftfjoefufqq�jfxksi�uf{kuuv�jfqrniqswuf��nj�kuu�nwus{kosniq�zilfj�oef�mniojkpo}R�STUVUV�def�ghifj�xkvy�hsoenzo�pniqfio�n��oef�mniojkponjy�kqqs{i�oef�mniojkpo�on�k�ufilfj�rjntslsi{�pniqojzposni��sikipsi{��nj�oef��jn�fpoy�s��oef�ufilfj�kqqzxfq�oef�ghifj�q�js{eoq�kil�nwus{kosniq�zilfj�oef�mniojkpo�|npzxfioq}�def�mniojkponj�qekuu�f�fpzof�kuu�pniqfioq�jfkqnikwuv�jf�zsjfl�on��kpsusokof�qzpe�kqqs{ixfio}R�STUT��]b��Z_��\�bYZ�jsoofi�inospf�qekuu�wf�lffxfl�on�ektf�wffi�lzuv�qfjtfl�s��lfustfjfl�si�rfjqni�on�oef�silstslzkuy�on�k�xfxwfj�n��oef��sjx�nj�fiosov�nj�on�ki�n��spfj�n��oef�pnjrnjkosni��nj�hespe�so�hkq�siofilfl��nj�s��lfustfjfl�ko�nj�qfio�wv�jf{sqofjfl�nj�pfjos�sfl�xksu�nj�wv�pnzjsfj�qfjtspf�rjntslsi{�rjnn��n��lfustfjv�ony�oef�ukqo�wzqsifqq�klljfqq��inhi�on�oef�rkjov�{stsi{�inospf}��������������������R�STU���bc��[�̂_̀��Z Z̀bZ[R�STU�US�|zosfq�kil�nwus{kosniq�sxrnqfl�wv�oef�mniojkpo�|npzxfioq�kil�js{eoq�kil�jfxflsfq�ktksukwuf�oefjfzilfj�qekuu�wf�si�kllsosni�on�kil�ino�k�usxsokosni�n��lzosfqy�nwus{kosniqy�js{eoq�kil�jfxflsfq�noefjhsqf�sxrnqfl�nj�ktksukwuf�wv�ukh}R�STU�UV�¡n�kposni�nj��ksuzjf�on�kpo�wv�oef�ghifjy�mniqojzposni�¢kik{fjy�£jpesofpo�nj�mniojkponj�qekuu�pniqosozof�k�hkstfj�n��k�js{eo�nj�lzov�k��njlfl�oefx�zilfj�oef�mniojkpoy�inj�qekuu�qzpe�kposni�nj��ksuzjf�on�kpo�pniqosozof�krrjntku�n��nj�kp�zsfqpfipf�si�k�wjfkpe�oefjfzilfjy�f�pfro�kq�xkv�wf�qrfps�spkuuv�k{jffl�si�hjsosi{}��������������������R�STU¤�¥Z[�[�̂_̀�¦_[§ZY�b\_[R�STU¤US�dfqoqy�siqrfposniq�kil�krrjntkuq�n��rnjosniq�n��oef��nj��qekuu�wf�xklf�kq�jf�zsjfl�wv�oef�mniojkpo�|npzxfioq�kil�wv�krruspkwuf�ukhqy�qokozofqy�njlsikipfqy�pnlfqy�jzufq�kil�jf{zukosniq�nj�ukh�zu�njlfjq�n��rzwusp�kzoenjsosfq}�̈iufqq�noefjhsqf�rjntslfly�oef�mniojkponj�qekuu�xk�f�kjjki{fxfioq��nj�qzpe�ofqoqy�siqrfposniq�kil�krrjntkuq�hsoe�ki�silfrfilfio�ofqosi{�ukwnjkonjv�nj�fiosov�kppfrokwuf�on�oef�ghifjy�nj�hsoe�oef�krrjnrjskof�rzwusp�kzoenjsovy�kil�qekuu�wfkj�kuu�jfukofl�pnqoq�n��ofqoqy�siqrfposniq�kil�krrjntkuq}�def�mniojkponj�qekuu�{stf�oef�mniqojzposni�¢kik{fj�kil�£jpesofpo�osxfuv�inospf�n��hefi�kil�hefjf�ofqoq�kil�siqrfposniq�kjf�on�wf�xklf�qn�oeko�oef�mniqojzposni�¢kik{fj�kil�£jpesofpo�xkv�wf�rjfqfio��nj�qzpe�rjnpflzjfq}�def�ghifj�qekuu�wfkj�pnqoq�n��©�ª�ofqoqy�siqrfposniq�nj�krrjntkuq�oeko�ln�ino�wfpnxf�jf�zsjfxfioq�ziosu�k�ofj�wslq�kjf�jfpfstfl�nj�if{noskosniq�pnipuzlfly�kil�©�ª�ofqoqy�siqrfposniq�nj�krrjntkuq�hefjf�wzsulsi{�pnlfq�nj�krruspkwuf�ukhq�nj�jf{zukosniq�rjneswso�oef�ghifj��jnx�lfuf{kosi{�oefsj�pnqo�on�oef�mniojkponj}R�STU¤UV����oef�mniqojzposni�¢kik{fjy�£jpesofpoy�ghifj�nj�rzwusp�kzoenjsosfq�ektsi{��zjsqlsposni�lfofjxsif�oeko�rnjosniq�n��oef��nj��jf�zsjf�kllsosniku�ofqosi{y�siqrfposni�nj�krrjntku�ino�sipuzlfl�zilfj��fposni���}«}�y�oef�mniqojzposni�¢kik{fj�kil�£jpesofpo�hsuuy�zrni�hjsoofi�kzoenjs¬kosni��jnx�oef�ghifjy�siqojzpo�oef�mniojkponj�on�xk�f�kjjki{fxfioq��nj�qzpe�kllsosniku�ofqosi{y�siqrfposni�nj�krrjntku�wv�ki�fiosov�kppfrokwuf�on�oef�ghifjy�kil�oef�mniojkponj�qekuu�{stf�osxfuv�inospf�on�oef�mniqojzposni�¢kik{fj�kil�£jpesofpo�n��hefi�kil�hefjf�ofqoq�kil�siqrfposniq�kjf�on�wf�xklf�qn�oeko�oef�mniqojzposni�¢kik{fj�kil�£jpesofpo�xkv�wf�rjfqfio��nj�qzpe�rjnpflzjfq}��zpe�pnqoq�f�pfro�kq�rjntslfl�si��fposni���}«}�y�qekuu�wf�ko�oef�ghifj�q�f�rfiqf}R�STU¤UT����qzpe�rjnpflzjfq��nj�ofqosi{y�siqrfposni�nj�krrjntku�zilfj��fposniq���}«}��kil���}«}��jftfku��ksuzjf�n��oef�rnjosniq�n��oef��nj��on�pnxruv�hsoe�jf�zsjfxfioq�fqokwusqefl�wv�oef�mniojkpo�|npzxfioqy�kuu�pnqoq�xklf�ifpfqqkjv�wv�qzpe��ksuzjf�sipuzlsi{�oenqf�n��jfrfkofl�rjnpflzjfq�kil�pnxrfiqkosni��nj�oef�mniqojzposni�¢kik{fj�q�kil�£jpesofpo�q�qfjtspfq�kil�f�rfiqfq�qekuu�wf�ko�oef�mniojkponj�q�f�rfiqf}R�STU¤U��f�zsjfl�pfjos�spkofq�n��ofqosi{y�siqrfposni�nj�krrjntku�qekuuy�ziufqq�noefjhsqf�jf�zsjfl�wv�oef�mniojkpo�|npzxfioqy�wf�qfpzjfl�wv�oef�mniojkponj�kil�rjnxrouv�lfustfjfl�on�oef�mniqojzposni�¢kik{fj��nj�ojkiqxsooku�on�oef�£jpesofpo}
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R�STUVUV�WX�YZ[�\]̂_ỲabYc]̂�dêef[̀�]̀�g̀bZcY[bY�c_�Y]�]h_[̀i[�Y[_Y_j�ĉ_k[bYc]̂_�]̀�ekk̀]iel_�̀[mac̀[n�ho�YZ[�\]̂ỲebY�p]baq[̂Y_j�YZ[�\]̂_ỲabYc]̂�dêef[̀�]̀�g̀bZcY[bY�rcll�n]�_]�k̀]qkYlo�ênj�rZ[̀[�k̀ebYcbehl[j�eY�YZ[�̂]̀qel�kleb[�]X�Y[_YĉfsR�STUVUt�u[_Y_�]̀�ĉ_k[bYc]̂_�b]̂nabY[n�kà_aêY�Y]�YZ[�\]̂ỲebY�p]baq[̂Y_�_Zell�h[�qen[�k̀]qkYlo�Y]�ei]cn�â [̀e_]̂ehl[�n[leo�ĉ�YZ[�v]̀wsR�STUt�xyz{|{}z~eoq[̂Y_�Y]�\]̂ỲebY]̀j�ĉblanĉf�êo�ĉY[̀[_Yj�_Zell�h[�b]̂_c_Y[̂Y�rcYZ�YZc_�gf̀[[q[̂Y�ên�ĉ�ebb]̀nêb[�rcYZ��[r��]̀w��YeY[��[̂[̀el�dâcbckel��er��[bYc]̂�����hsR�STU�����{�����z}��y������}uZ[��r̂ [̀�ên�YZ[�\]̂ỲebY]̀�_Zell�b]qq[̂b[�ell�blecq_�ên�bea_[_�]X�ebYc]̂j�rZ[YZ[̀�ĉ�b]̂ỲebYj�Y]̀Yj�h̀[ebZ�]X�rè̀êYo�]̀�]YZ[̀rc_[j�efeĉ_Y�YZ[�]YZ[̀�èc_ĉf�]aY�]X�]̀�̀[leY[n�Y]�YZ[�\]̂ỲebY�ĉ�ebb]̀nêb[�rcYZ�YZ[�̀[mac̀[q[̂Y_�]X�YZ[�Xĉel�nc_kaY[�̀[_]laYc]̂�q[YZ]n�_[l[bY[n�ĉ�YZ[�gf̀[[q[̂Y�rcYZĉ�YZ[�Ycq[�k[̀c]n�_k[bcXc[n�ho�ekklcbehl[�lersR�STU������������|z�y�z�R�STU�USuZ[�\]̂ỲebY]̀�_Zell�qeĉYeĉ�k]lcbc[_�]X�[qkl]oq[̂Y�e_�X]ll]r_����uZ[�\]̂ỲebY]̀�ên�YZ[�\]̂ỲebY]̀�_�_ahb]̂ỲebY]̀_�_Zell�̂]Y�nc_b̀cqĉeY[�efeĉ_Y�êo�[qkl]o[[�]̀�ekklcbêY�X]̀�[qkl]oq[̂Y�h[bea_[�]X�̀eb[j�̀[lcfc]̂j�b]l]̀j�_[�j�]̀�̂eYc]̂el�]̀cfĉs�uZ[�\]̂ỲebY]̀�_Zell�Yew[�eXXc̀qeYci[�ebYc]̂�Y]�ĉ_à[�YZeY�ekklcbêY_�è[�[qkl]o[nj�ên�YZeY�[qkl]o[[_�è[�Ỳ[eY[n�nàĉf�[qkl]oq[̂Y�rcYZ]aY�̀[fèn�Y]�YZ[c̀�̀eb[j�̀[lcfc]̂j�b]l]̀j�_[�j�]̀�̂eYàel�]̀cfĉs��abZ�ebYc]̂�_Zell�ĉblan[j�haY�̂]Y�h[�lcqcY[n�Y]j�YZ[�X]ll]rĉf��[qkl]oq[̂Yj�akf̀enĉfj�n[q]Yc]̂�]̀�Ỳê_X[̀��̀[b̀acYq[̂Y�]̀�̀[b̀acYq[̂Y�eni[̀Yc_ĉf��leo]XX�]̀�Y[̀qĉeYc]̂��̀eY[_�]X�keo�]̀�]YZ[̀�X]̀q_�]X�b]qk[̂_eYc]̂��ên�_[l[bYc]̂�X]̀�Ỳeĉĉfj�ĉblanĉf�ekk̀[̂Ycb[_Zcks�uZ[�\]̂ỲebY]̀�ef̀[[_�Y]�k]_Y�ĉ�b]̂_kcba]a_�kleb[_j�eieclehl[�Y]�[qkl]o[[_�ên�ekklcbêY_�X]̀�[qkl]oq[̂Yj�̂]Ycb[�_[YYĉf�X]̀YZ�YZ[�k]lcbc[_�]X�̂]̂�nc_b̀cqĉeYc]̂s���uZ[�\]̂ỲebY]̀�ên�YZ[�\]̂ỲebY]̀�_�_ahb]̂ỲebY]̀_�_Zellj�ĉ�ell�_]lcbcYeYc]̂_�]̀�eni[̀Yc_[q[̂Y�X]̀�[qkl]o[[_�kleb[n�ho�YZ[q�]̀�]̂�YZ[c̀�h[ZelXj�_YeY[�YZeY�ell�maelcXc[n�ekklcbêY_�rcll�̀[b[ci[�b]̂_cn[̀eYc]̂�X]̀�[qkl]oq[̂Y�rcYZ]aY�̀[fèn�Y]�̀eb[j�̀[lcfc]̂j�b]l]̀j�_[��]̀�̂eYc]̂el�]̀cfĉsR�STU �¡�¢{�£�z{}R�STU US�uZ[�\]̂ỲebY]̀�_Zell�b]qklo�rcYZ�~̀[ieclĉf�vef[�¤eY[_�c__a[n�ên�k[̀c]ncbello�akneY[nj�ho�YZ[��[r��]̀w��YeY[�p[kèYq[̂Y�]X��eh]̀j�X]̀�YZ[�l]beYc]̂�ên�nàeYc]̂�]X�YZ[�~̀]¥[bYs¦£�x����S§�����£̈ x©¦�x�©��£�ª«ª¬�©ªx�©����®����©�£¦��R�S§US��{|��y�z��y�̄��z°{���yz|�±z�|R�S§USUS�uZ[�\]̂ỲebY]̀�qeo�Y[̀qĉeY[�YZ[�\]̂ỲebY�cX�YZ[�v]̀w�c_�_Y]kk[n�X]̀�e�k[̀c]n�]X�²��b]̂_[baYci[�neo_�YZ̀]afZ�]̂�ebY�]̀�XealY�]X�YZ[�\]̂ỲebY]̀�]̀�e��ahb]̂ỲebY]̀j��ah�_ahb]̂ỲebY]̀�]̀�YZ[c̀�ef[̂Y_�]̀�[qkl]o[[_�]̀�êo�]YZ[̀�k[̀_]̂_�]̀�[̂YcYc[_�k[̀X]̀qĉf�k]̀Yc]̂_�]X�YZ[�v]̀w�ân[̀�nc̀[bY�]̀�ĉnc̀[bY�b]̂ỲebY�rcYZ�YZ[�\]̂ỲebY]̀j�X]̀�êo�]X�YZ[�X]ll]rĉf�̀[e_]̂_�US W__aêb[�]X�ê�]̀n[̀�]X�e�b]àY�]̀�]YZ[̀�kahlcb�eaYZ]̀cYo�Zeiĉf�¥àc_ncbYc]̂�YZeY�̀[mac̀[_�ell�v]̀w�Y]�h[�_Y]kk[n�U³ ĝ�ebY�]X�f]i[̀̂ q[̂Yj�_abZ�e_�e�n[blèeYc]̂�]X�̂eYc]̂el�[q[̀f[̂bo�YZeY�̀[mac̀[_�ell�v]̀w�Y]�h[�_Y]kk[n��]̀UT [́bea_[�YZ[�\]̂_ỲabYc]̂�dêef[̀�Ze_�̂]Y�b[̀YcXc[n�]̀�YZ[�g̀bZcY[bY�Ze_�̂]Y�c__a[n�e�\[̀YcXcbeY[�X]̀�~eoq[̂Y�ên�Ze_�̂]Y�̂]YcXc[n�YZ[�\]̂ỲebY]̀�]X�YZ[�̀[e_]̂�X]̀�rcYZZ]lnĉf�b[̀YcXcbeYc]̂�e_�k̀]icn[n�ĉ��[bYc]̂�µs¶j�]̀�h[bea_[�YZ[��r̂ [̀�Ze_�̂]Y�qen[�keoq[̂Y�]̂�e�\[̀YcXcbeY[�X]̀�~eoq[̂Y�rcYZĉ�YZ[�Ycq[�_YeY[n�ĉ�YZ[�\]̂ỲebY�p]baq[̂Y_sR�S§USU³�uZ[�\]̂ỲebY]̀�qeo�Y[̀qĉeY[�YZ[�\]̂ỲebY�cXj�YZ̀]afZ�̂]�ebY�]̀�XealY�]X�YZ[�\]̂ỲebY]̀�]̀�e��ahb]̂ỲebY]̀j��ah�_ahb]̂ỲebY]̀�]̀�YZ[c̀�ef[̂Y_�]̀�[qkl]o[[_�]̀�êo�]YZ[̀�k[̀_]̂_�]̀�[̂YcYc[_�k[̀X]̀qĉf�k]̀Yc]̂_�]X�YZ[�v]̀w�ân[̀�nc̀[bY�]̀�ĉnc̀[bY�b]̂ỲebY�rcYZ�YZ[�\]̂ỲebY]̀j�̀[k[eY[n�_a_k[̂_c]̂_j�n[leo_�]̀�ĉY[̀̀akYc]̂_�]X�YZ[�[̂Yc̀[�v]̀w�ho�YZ[��r̂ [̀�e_�n[_b̀ch[n�ĉ��[bYc]̂��¶s²�b]̂_YcYaY[�ĉ�YZ[�eff̀[feY[�q]̀[�YZê�����k[̀b[̂Y�]X�YZ[�Y]Yel�̂aqh[̀�]X�neo_�_bZ[nal[n�X]̀�b]qkl[Yc]̂j�]̀��·��neo_�ĉ�êo�²�̧�neo�k[̀c]nj�rZcbZ[i[̀�c_�l[__s



������ ����	
�������������������������������� !!"#�"$$!#�%&'�"$ !�(��)�*�+,*��-%&�.&/���0�*��1�+�-���*-�/2�+33������/��*/*�4*'2�)�*�5+,*��-%&�.&/���0�*��1�+�-���*-�/#6�5+.+#6���*�+.+�7���#�%&'�5+.+���&��%-��8�-0,*&�/6�%�*��*��/�*�*'���%'*,%�9/�%&'�,%��&���(*�0/*'�:����0���*�,�//��&2�)��/�'�-0,*&��:%/����'0-*'�(��+.+�/�1�:%�*�%�� ;<"$<$=�>)��&�$?@ A@"$""�0&'*��B�'*��C�2"  ="DA;= �:��-��*E���*/��&�$"@"?@"$";#��/�&���1����*/%3*#��/�3�-*&/*'�1����&*F��,*�0/*��&3�#�%&'�,%���&3��(*�0/*'��&�%--��'%&-*�:������*�+.+���&��%-��8�-0,*&�/G�)*�,/��1�H*�4�-*2�)���*�����-���������4��3%���&/#�*F,%�3�-��������I%�%2���2JK�L�M
��KN� O ? =!$$D$AP QR

S�TUVTVW�XY�Z[\�ZY�]̂\�_\̀aZ[a�b\ac_de\b�d[�f\c]dZ[�ghigig�Z_�ghigij�\kda]al�]̂\�mZ[]_̀c]Z_�ǹol�pqZ[�]̂d_]o�b̀oar�s_d]]\[�[Z]dc\�]Z�]̂\�ts[\_l�mZ[a]_pc]dZ[�u [̀̀v\_�̀[b�w_ĉd]\c]l�]\_nd[̀]\�]̂\�mZ[]_̀c]�̀[b�_\cZx\_�Y_Zn�]̂\�ts[\_�q̀on\[]�YZ_�yZ_z�q_Zq\_{o�\k\cp]\biS�TUVTVU�XY�]̂\�yZ_z�da�a]Zqq\b�YZ_�̀�q\_dZb�ZY�[d[\]o�|}~���cZ[a\cp]dx\�b̀oa�]̂_Zpv̂�[Z�̀c]�Z_�Ỳp{]�ZY�]̂\�mZ[]_̀c]Z_�Z_��̀fpecZ[]_̀c]Z_�Z_�]̂\d_�̀v\[]a�Z_�\nq{Zo\\a�Z_�̀[o�Z]̂\_�q\_aZ[a�q\_YZ_nd[v�qZ_]dZ[a�ZY�]̂\�yZ_z�p[b\_�cZ[]_̀c]�sd]̂�]̂\�mZ[]_̀c]Z_�e\c̀pa\�]̂\�ts[\_�̂̀a�_\q\̀]\b{o�Ỳd{\b�]Z�Yp{Yd{{�]̂\�ts[\_ra�Ze{dv̀]dZ[a�p[b\_�]̂\�mZ[]_̀c]��Zcpn\[]a�sd]̂�_\aq\c]�]Z�ǹ]]\_a�dnqZ_]̀[]�]Z�]̂\�q_Zv_\aa�ZY�]̂\�yZ_zl�]̂\�mZ[]_̀c]Z_�ǹol�pqZ[�]̂d_]o�̀bbd]dZ[̀{�b̀oar�s_d]]\[�[Z]dc\�]Z�]̂\�ts[\_l�mZ[a]_pc]dZ[�u [̀̀v\_�̀[b�w_ĉd]\c]l�]\_nd[̀]\�]̂\�mZ[]_̀c]�̀[b�_\cZx\_�Y_Zn�]̂\�ts[\_�̀a�q_Zxdb\b�d[�f\c]dZ[�ghigi�iS�TUV������������������������������������S�TUV�VT��̂\�ts[\_�ǹo�]\_nd[̀]\�]̂\�mZ[]_̀c]�dY�]̂\�mZ[]_̀c]Z_VT _\Ypa\a�Z_�Ỳd{a�]Z�apqq{o�\[Zpv̂�q_Zq\_{o�azd{{\b�sZ_z\_a�Z_�q_Zq\_�ǹ]\_d̀{a�V� Ỳd{a�]Z�ǹz\�q̀on\[]�]Z�fpecZ[]_̀c]Z_a�YZ_�ǹ]\_d̀{a�Z_�{̀eZ_�d[�̀ccZ_b̀[c\�sd]̂�]̂\�_\aq\c]dx\�v̀_\\n\[]a�e\]s\\[�]̂\�mZ[]_̀c]Z_�̀[b�]̂\�fpecZ[]_̀c]Z_a�VW bda_\v̀_ba�̀qq{dc̀e{\�{̀sal�a]̀]p]\al�Z_bd[̀[c\al�cZb\al�_p{\a�̀[b�_\vp{̀]dZ[al�Z_�{̀sYp{�Z_b\_a�ZY�̀�qpe{dc�̀p]̂Z_d]o�VU Z]̂\_sda\�e_\̀ĉ\a�̀�ǹ]\_d̀{�q_ZxdadZ[�ZY�]̂\�mZ[]_̀c]��Zcpn\[]a�V� e_\̀ĉ\a�̀[o�s̀__̀[]o�ǹb\�eo�]̂\�mZ[]_̀c]Z_�p[b\_�Z_�qp_ap̀[]�]Z�]̂\�mZ[]_̀c]��Zcpn\[]a��Z_������Ỳd{a�]Z�Yp_[dâ�]̂\�ts[\_�sd]̂�̀aap_̀[c\a�à]daỲc]Z_o�]Z�]̂\�ts[\_�\xdb\[cd[v�]̂\�mZ[]_̀c]Z_ra�̀ed{d]o�]Z�cZnq{\]\�]̂\�yZ_z�d[�cZnq{d̀[c\�sd]̂�̀{{�ZY�]̂\�_\�pd_\n\[]a�ZY�]̂\�mZ[]_̀c]��Zcpn\[]aiS�TUV�V��y \̂[�̀[o�ZY�]̂\�̀eZx\�_\̀aZ[a�\kda]l�]̂\�ts[\_�ǹo�sd]̂Zp]�q_\�pbdc\�]Z�̀[o�Z]̂\_�_dv̂]a�Z_�_\n\bd\a�ZY�]̂\�ts[\_�̀[b�̀Y]\_�vdxd[v�]̂\�mZ[]_̀c]Z_�̀[b�]̂\�mZ[]_̀c]Z_ra�ap_\]ol�dY�̀[ol�a\x\[�|���b̀oar�s_d]]\[�[Z]dc\l�]\_nd[̀]\�\nq{Zon\[]�ZY�]̂\�mZ[]_̀c]Z_�̀[b�ǹol�ape�\c]�]Z�̀[o�q_dZ_�_dv̂]a�ZY�]̂\�ap_\]o�VT �kc{pb\�]̂\�mZ[]_̀c]Z_�Y_Zn�]̂\�ad]\�̀[b�]̀z\�qZaa\aadZ[�ZY�̀{{�ǹ]\_d̀{al�\�pdqn\[]l�]ZZ{al�̀[b�cZ[a]_pc]dZ[�\�pdqn\[]�̀[b�ǹ ĉd[\_o�]̂\_\Z[�Zs[\b�eo�]̂\�mZ[]_̀c]Z_�V� wcc\q]�̀aadv[n\[]�ZY�apecZ[]_̀c]a�qp_ap̀[]�]Z�f\c]dZ[��ih��̀[bVW  d[dâ�]̂\�yZ_z�eo�ŝ ]̀\x\_�_\̀aZ[̀e{\�n\]̂Zb�]̂\�ts[\_�ǹo�b\\n�\kq\bd\[]i�¡qZ[�s_d]]\[�_\�p\a]�ZY�]̂\�mZ[]_̀c]Z_l�]̂\�ts[\_�â {̀{�Yp_[dâ�]Z�]̂\�mZ[]_̀c]Z_�̀�b\]̀d{\b�̀ccZp[]d[v�ZY�]̂\�cZa]a�d[cp__\b�eo�]̂\�ts[\_�d[�Yd[dâd[v�]̂\�yZ_zi��̂\�cZa]a�ZY�Yd[dâd[v�]̂\�yZ_z�d[c{pb\l�sd]̂Zp]�{dnd]̀]dZ[al�̀{{�_\̀aZ[̀e{\�̀]]Z_[\ora�Y\\al�̀bbd]dZ[̀{�w_ĉd]\c]¢�[vd[\\_d[v�̀[b�mZ[a]_pc]dZ[�u [̀̀v\_�cZa]al�d[ap_̀[c\l�̀bbd]dZ[̀{�d[]\_\a]�e\c̀pa\�ZY�̀[o�b\{̀o�d[�cZnq{\]d[v�]̂\�yZ_zl�̀[b�̀{{�Z]̂\_�bd_\c]�̀[b�d[bd_\c]�̀[b�cZ[a\�p\[]d̀{�b̀ǹv\a�d[cp__\b�eo�]̂\�ts[\_�eo�_\̀aZ[�ZY�]̂\�]\_nd[̀]dZ[�ZY�]̂\�mZ[]_̀c]Z_a�a]̀]\b�̂\_\d[iS�TUV�VW�y \̂[�]̂\�ts[\_�]\_nd[̀]\a�]̂\�mZ[]_̀c]�YZ_�Z[\�ZY�]̂\�_\̀aZ[a�a]̀]\b�d[�f\c]dZ[�ghijigl�]̂\�mZ[]_̀c]Z_�â {̀{�[Z]�e\�\[]d]{\b�]Z�_\c\dx\�Yp_]̂\_�q̀on\[]�p[]d{�]̂\�yZ_z�da�Yd[dâ\biS�TUV�VU�XY�]̂\�p[q̀db�è{̀[c\�ZY�]̂\�mZ[]_̀c]�fpn�\kc\\ba�cZa]a�ZY�Yd[dâd[v�]̂\�yZ_zl�d[c{pbd[v�cZnq\[à]dZ[�YZ_�]̂\�mZ[a]_pc]dZ[�u [̀̀v\_ra�̀[b�w_ĉd]\c]ra�a\_xdc\a�̀[b�\kq\[a\a�ǹb\�[\c\aà_o�]̂\_\eol�̀[b�Z]̂\_�b̀ǹv\a�d[cp__\b�eo�]̂\�ts[\_�|d[c{pbd[v�_\̀aZ[̀e{\�̀]]Z_[\oar�Y\\a��̀[b�[Z]�\kq_\aa{o�s̀dx\bl�apĉ�\kc\aa�â {̀{�e\�q̀db�]Z�]̂\�mZ[]_̀c]Z_i�XY�apĉ�cZa]a�̀[b�b̀ǹv\a�\kc\\b�]̂\�p[q̀db�è{̀[c\l�]̂\�mZ[]_̀c]Z_�â {̀{�q̀o�]̂\�bdYY\_\[c\�]Z�]̂\�ts[\_i�S�TUVW�£��¤���������������������������¥�����¦�S�TUVWVT��̂\�ts[\_�ǹol�sd]̂Zp]�c̀pa\l�Z_b\_�]̂\�mZ[]_̀c]Z_�d[�s_d]d[v�]Z�apaq\[bl�b\{̀o�Z_�d[]\__pq]�]̂\�yZ_z�d[�ŝZ{\�Z_�d[�q̀_]�YZ_�apĉ�q\_dZb�ZY�]dn\�̀a�]̂\�ts[\_�ǹo�b\]\_nd[\iS�TUVWV���̂\�mZ[]_̀c]�fpn�̀[b�]̂\�mZ[]_̀c]��dn\�ǹo�e\�̀b�pa]\b�YZ_�d[c_\̀a\a�d[�]̂\�cZa]�̀[b�]dn\�c̀pa\b�eo�apaq\[adZ[l�b\{̀o�Z_�d[]\__pq]dZ[�̀a�b\ac_de\b�d[�f\c]dZ[�ghi�igi�§Z�̀b�pa]n\[]�â {̀{�e\�ǹb\�]Z�]̂\�\k]\[]�VT ]̂̀]�q\_YZ_ǹ[c\�dal�s̀a�Z_�sZp{b�̂̀x\�e\\[�aZ�apaq\[b\bl�b\{̀o\b�Z_�d[]\__pq]\b�eo�̀[Z]̂\_�c̀pa\�YZ_�ŝdĉ�]̂\�mZ[]_̀c]Z_�da�_\aqZ[ade{\��Z_V� ]̂̀]�̀[�\�pd]̀e{\�̀b�pa]n\[]�da�ǹb\�Z_�b\[d\b�p[b\_�̀[Z]̂\_�q_ZxdadZ[�ZY�]̂da�mZ[]_̀c]i



������ ����	
�������������������������������� !!"#�"$$!#�%&'�"$ !�(��)�*�+,*��-%&�.&/���0�*��1�+�-���*-�/2�+33������/��*/*�4*'2�)�*�5+,*��-%&�.&/���0�*��1�+�-���*-�/#6�5+.+#6���*�+.+�7���#�%&'�5+.+���&��%-��8�-0,*&�/6�%�*��*��/�*�*'���%'*,%�9/�%&'�,%��&���(*�0/*'�:����0���*�,�//��&2�)��/�'�-0,*&��:%/����'0-*'�(��+.+�/�1�:%�*�%�� ;<"$<$=�>)��&�$?@ A@"$""�0&'*��B�'*��C�2"  ="DA;= �:��-��*E���*/��&�$"@"?@"$";#��/�&���1����*/%3*#��/�3�-*&/*'�1����&*F��,*�0/*��&3�#�%&'�,%���&3��(*�0/*'��&�%--��'%&-*�:������*�+.+���&��%-��8�-0,*&�/G�)*�,/��1�H*�4�-*2�)���*�����-���������4��3%���&/#�*F,%�3�-��������I%�%2���2JK�L�M
��KN� O ? =!$$D$AP QR

S�TUVU�WXYZ[\]̂[_\�̀a�̂bX�cd\XY�e_Y�f_\gX\[X\hXS�TUVUVT�ijklmknokpqrmqs�pqt�jknuv�wvjxmomjq�kj�knu�yjqkvpvt�mq�knmo�zsvuu{uqk|�knu�}lquv�vuouvxuo�knu�vmsnk�pk�pqt�km{u�pqr�mq�mko�p~oj��ku�rmoyvukmjq�kj�kuv{mqpku�knu�ouvxmyuo�j��knu��jqkvpykjv�pqr�jv�knu��jv���jv�knu�}lquv�o�yjqxuqmuqyu�pqr�lmknj�k�yp�ou�~t�smxmqs�lvmkkuq�qjkmyu�kj�knu��jqkvpykjv����nmo�kuv{mqpkmjq��jv�knu�yjqxuqmuqyu�j��knu�}lquv�wvjxmomjq�p��jlo�pqr�p�knjvm�uo�knu�}lquv�kj�kuv{mqpku�knmo�zsvuu{uqk�pk�pqt�km{u�pqr��jv�pqt�vupojq�lnpkojuxuv����nmo�vmsnk�{pt�~u�u�uvymour�~t�knu�}lquv�mq�mko�yj{w�uku�rmoyvukmjq�S�TUVUV���wjq�vuyumwk�j��lvmkkuq�qjkmyu��vj{�knu�}lquv�j��o�yn�kuv{mqpkmjq��jv�knu�}lquv�o�yjqxuqmuqyu|�knu��jqkvpykjv�onp��VT yupou�jwuvpkmjqo�po�rmvuykur�~t�knu�}lquv�mq�knu�qjkmyu�V� kp�u�pykmjqo�quyuoopvt|�jv�knpk�knu�}lquv�{pt�rmvuyk|��jv�knu�wvjkuykmjq�pqr�wvuouvxpkmjq�j��knu��jv���pqrV� u�yuwk��jv��jv��rmvuykur�kj�~u�wuv�jv{ur�wvmjv�kj�knu�u��uykmxu�rpku�j��kuv{mqpkmjq�okpkur�mq�knu�qjkmyu|�kuv{mqpku�p���u�mokmqs�o�~yjqkvpyko�pqr�w�vynpou�jvruvo�pqr�uqkuv�mqkj�qj���vknuv�o�~yjqkvpyko�pqr�w�vynpou�jvruvo�S�TUVUV���q�knu�ypou�j��o�yn�kuv{mqpkmjq��jv�knu�}lquv�o�yjqxuqmuqyu|�knu��jqkvpykjv�onp���~u�uqkmk�ur�kj|�pqr�knu�}lquv�onp���vum{~�vou�knu��jqkvpykjv��jv|�pq�u��mkp~�u�wjvkmjq�j��knu��jqkvpykjv�o��uu�~pour�jq�knu�wjvkmjq�j��knu��jv��wvjwuv�t�yj{w�ukur�~u�jvu�knu�u��uykmxu�rpku�j��kuv{mqpkmjq�pqr��jv�pqt�jknuv�vupojqp~�u�yjoko�pkkvm~�kp~�u�kj�o�yn�kuv{mqpkmjq����jqkvpykjv�o�uqkmk�u{uqk�kj�wpt{uqk��jv�p���o�yn�ljv��onp���~u�wvurmypkur�jq�mko�wuv�jv{pqyu�j��o�yn�ljv��mq�pyyjvrpqyu�lmkn�knu��jqkvpyk��jy�{uqko�po�yuvkm�mur�~t�knu�zvynmkuyk�pqr��jqokv�ykmjq��pqpsuv����jqkvpykjv�onp���~u�uqkmk�ur�kj�qj�jknuv�wpt{uqk�pqr�lpmxuo�pqt�y�pm{��jv�rp{psuo���W�f���T����f���������������W��S�T�VT�f�][Z S�T�VTVT��Xe[\[̂[_\V�z���pm{�mo�p�ru{pqr�jv�poouvkmjq�~t�jqu�j��knu�wpvkmuo�ouu�mqs|�po�p�{pkkuv�j��vmsnk|�wpt{uqk�j��{jqut|�jv�jknuv�vu�mu��lmkn�vuowuyk�kj�knu�kuv{o�j��knu��jqkvpyk���nu�kuv{�¡��pm{¡�p�oj�mqy��ruo�jknuv�rmow�kuo�pqr�{pkkuvo�mq���uokmjq�~ukluuq�knu�}lquv�pqr��jqkvpykjv�pvmomqs�j�k�j��jv�vu�pkmqs�kj�knu��jqkvpyk��nu�vuowjqom~m�mkt�kj�o�~okpqkmpku���pm{o�onp���vuok�lmkn�knu�wpvkt�{p�mqs�knu���pm{�S�T�VTV���_̂[hX�_e�f�][Z V���pm{o�~t�umknuv�knu�}lquv�jv��jqkvpykjv�{�ok�~u�mqmkmpkur�~t�lvmkkuq�qjkmyu�kj�knu�jknuv�wpvkt�pqr�kj�knu��qmkmp���uymomjq��p�uv�lmkn�p�yjwt�ouqk�kj�knu��jqokv�ykmjq��pqpsuv�pqr�zvynmkuyk|�m��knu��jqokv�ykmjq��pqpsuv�pqr�jv�zvynmkuyk�mo�qjk�ouvxmqs�po�knu��qmkmp���uymomjq��p�uv����pm{o�~t�umknuv�wpvkt�{�ok�~u�mqmkmpkur�lmknmq�¢£�rpto�p�kuv�jyy�vvuqyu�j��knu�uxuqk�smxmqs�vmou�kj�o�yn���pm{�jv�lmknmq�¢£�rpto�p�kuv�knu�y�pm{pqk��mvok�vuyjsqm�uo�knu�yjqrmkmjq�smxmqs�vmou�kj�knu���pm{|�lnmynuxuv�mo��pkuv��S�T�VTV�VT��vmkkuq�qjkmyu�onp���yjqkpmq�p�nuprmqs�okpkmqs�¡ijkmyu�j����pm{¡�kj�y�upv�t�mruqkm�t�mk�po�o�yn��¤�yn�qjkmyu�onp���ouk��jvkn�mq�rukpm��knu�ymvy�{okpqyuo�knpk��jv{�knu�~pomo��jv�knu���pm{�pqr�onp���mqy��ru�knu��j��jlmqs¥¦§���upv�okpku{uqk�j��y�pm{�{pkkuv|�mqy��rmqs�~py�svj�qr�pqr�ynvjqj�jst�¦̈��jy�{uqkpkmjq�mq�o�wwjvk�j��y�pm{�{pkkuv�¦©��jy�{uqkpkmjq�mq�o�wwjvk�j��y�pm{ur�rp{psuo�¦ª��uvkm�mypkmjq�~t�vuowjqom~�u�j��myuv�j��y�pm{pqk�S�T�VTV��f_\̂[\«[\¬�f_\̂Y]ĥ��XYe_YZ]\hXV�uqrmqs��mqp��vuoj��kmjq�j��p���pm{|�u�yuwk�po�jknuvlmou�psvuur�mq�lvmkmqs�jv�po�wvjxmrur�mq��zvkmy�u�£®|�knu��jqkvpykjv�onp���wvjyuur�rm�msuqk�t�lmkn�wuv�jv{pqyu�j��knu��jqkvpyk�pqr�knu�}lquv�onp���yjqkmq�u�kj�{p�u�wpt{uqko�mq�pyyjvrpqyu�lmkn�knu��jqkvpyk��jy�{uqko���nu��jqokv�ykmjq��pqpsuv�lm���wvuwpvu��npqsu�}vruvo�pqr�knu�zvynmkuyk�lm���moo�u�p��uvkm�mypku��jv�pt{uqk�jv�vj̄uyk��uvkm�mypku��jv�pt{uqk�mq�pyyjvrpqyu�lmkn�knu�ruymomjqo�j��knu��qmkmp���uymomjq��p�uv�°±²³²́³²µ¶·�̧¹º¹»¹̧¼S�T�VTVU�f�][Z �e_Y��½½[̂[_\]��f_ ̂V����knu��jqkvpykjv�lmonuo�kj�{p�u�p���pm{��jv�pq�mqyvupou�mq�knu��jqkvpyk�¤�{|�lvmkkuq�qjkmyu�po�wvjxmrur�nuvumq�onp���~u�smxuq�~u�jvu�wvjyuurmqs�kj�u�uy�ku�knu��jv���vmjv�qjkmyu�mo�qjk�vu��mvur��jv���pm{o�vu�pkmqs�kj�pq�u{uvsuqyt�uqrpqsuvmqs��m�u�jv�wvjwuvkt�pvmomqs��qruv�¤uykmjq�£¾�¿��°±²³²́³²µ¶·�̧¹º¹»¹̧¼
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S�TUVTVU�WXYZ[\�]̂_�̀aaZbẐcYX�dZ[eS�TUVTVUVT�fg�hij�klmhnophln�qrsijs�hl�touj�o�kvort�gln�om�rmpnjosj�rm�hij�klmhnoph�wrtjx�qnrhhjm�mlhrpj�os�ynlzr{j{�ijnjrm�siovv�|j�}rzjm~�fm�hij�posj�lg�o�plmhrm�rm}�{jvo��lmv��lmj�kvort�rs�mjpjsson�~S�TUVTVUV��fg�o{zjnsj�qjohijn�plm{rhrlms�onj�hij�|osrs�gln�o�kvort�gln�o{{rhrlmov�hrtjx�s�pi�kvort�siovv�|j�{lp�tjmhj{�|��{oho�s�|shomhrohrm}�hioh�qjohijn�plm{rhrlms�qjnj�o|mlntov�gln�hij�yjnrl{�lg�hrtjx�pl�v{�mlh�iozj�|jjm�njoslmo|v��omhrpryohj{�om{�io{�om�o{zjnsj�jggjph�lm�hij�spij{�vj{�plmshn�phrlm~S�TUVTVUV��kvorts�gln�rmpnjosj�rm�hij�klmhnoph�wrtj�siovv�sjh�glnhi�rm�{jhorv�hij�prnp�tshompjs�hioh�glnt�hij�|osrs�gln�hij�kvortx�hij�{ohj��ylm�qirpi�jopi�po�sj�lg�{jvo��|j}om�hl�oggjph�hij�ynl}njss�lg�hij��lnux�hij�{ohj��ylm�qirpi�jopi�po�sj�lg�{jvo��pjosj{�hl�oggjph�hij�ynl}njss�lg�hij��lnu�om{�hij�m�t|jn�lg�{o�s��rmpnjosj�rm�hij�klmhnoph�wrtj�pvortj{�os�o�plmsj��jmpj�lg�jopi�s�pi�po�sj�lg�{jvo�~�wij�klmhnophln�siovv�ynlzr{j�s�pi�s�yylnhrm}�{lp�tjmhohrlm�os�hij��qmjn�to��nj��rnj�rmpv�{rm}x�qijnj�oyynlynrohjx�o�njzrsj{�plmshn�phrlm�spij{�vj�rm{rpohrm}�ovv�hij�ophrzrhrjs�oggjphj{�|��hij�prnp�tshompjs�glntrm}�hij�|osrs�lg�hij�kvort~S�TUVTVUV��wij�klmhnophln�siovv�mlh�|j�jmhrhvj{�hl�o�sjyonohj�rmpnjosj�rm�hij�klmhnoph�wrtj�gln�jopi�lmj�lg�hij�m�t|jn�lg�po�sjs�lg�{jvo��qirpi�to��iozj�plmp�nnjmh�ln�rmhjnnjvohj{�jggjphs�lm�hij�ynl}njss�lg�hij��lnux�ln�gln�plmp�nnjmh�{jvo�s�{�j�hl�hij�go�vh�lg�hij�klmhnophln~S�TUVTV��WXYZ[\�]̂_�Ŵc\e��ecbZYX��Y[Y�e\V�wij�klmhnophln�om{��qmjn�qorzj�kvorts�o}ormsh�jopi�lhijn�gln�plmsj��jmhrov�{oto}js�onrsrm}�l�h�lg�ln�njvohrm}�hl�hirs�klmhnoph~�wirs�t�h�ov�qorzjn�rmpv�{jsVT {oto}js�rmp�nnj{�|��hij��qmjn�gln�njmhov�j�yjmsjsx�gln�vlssjs�lg��sjx�rmpltjx�ynlgrhx�grmomprm}x�|�srmjss�om{�njy�hohrlmx�om{�gln�vlss�lg�tomo}jtjmh�ln�jtyvl�jj�ynl{�phrzrh��ln�lg�hij�sjnzrpjs�lg�s�pi�yjnslms��om{V� {oto}js�rmp�nnj{�|��hij�klmhnophln�gln�ynrmpryov�lggrpj�j�yjmsjs�rmpv�{rm}�hij�pltyjmsohrlm�lg�yjnslmmjv�shohrlmj{�hijnjx�gln�vlssjs�lg�grmomprm}x�|�srmjss�om{�njy�hohrlmx�om{�gln�vlss�lg�ynlgrh�j�pjyh�omhrpryohj{�ynlgrh�onrsrm}�{rnjphv��gnlt�hij��lnu~wirs�t�h�ov�qorzjn�rs�oyyvrpo|vjx�qrhil�h�vrtrhohrlmx�hl�ovv�plmsj��jmhrov�{oto}js�{�j�hl�jrhijn�yonh��s�hjntrmohrlm�rm�oppln{ompj�qrhi��nhrpvj���~���������������������S�TUV���cZbZYX��e Z\ẐcS�TUV�VT�kvorts�|��hij�klmhnophlnx�j�pv�{rm}�hilsj�onrsrm}��m{jn�¡jphrlms��¢~£x��¢~�x���~£~¤x�om{���~£~�¢x�siovv�|j�njgjnnj{�hl�hij�fmrhrov�¥jprsrlm�¦oujn�gln�rmrhrov�{jprsrlm~�wij��npirhjph�qrvv�sjnzj�os�hij�fmrhrov�¥jprsrlm�¦oujnx��mvjss�lhijnqrsj�rm{rpohj{�rm�hij��}njjtjmh~�§�pjyh�gln�hilsj�kvorts�j�pv�{j{�|��hirs�¡jphrlm��̈~©~�x�om�rmrhrov�{jprsrlm�siovv�|j�nj��rnj{�os�o�plm{rhrlm�ynjpj{jmh�hl�tj{rohrlm�lg�om��kvort�|��hij�klmhnophln�o}ormsh�hij��qmjn�onrsrm}�ynrln�hl�hij�{ohj�grmov�yo�tjmh�rs�{�jx��mvjss�hirnh��ª£¢«�{o�s�iozj�yossj{�oghjn�hij�kvort�ios�|jjm�njgjnnj{�hl�hij�fmrhrov�¥jprsrlm�¦oujn�qrhi�ml�{jprsrlm�iozrm}�|jjm�njm{jnj{~�¬mvjss�hij�fmrhrov�¥jprsrlm�¦oujn�om{�ovv�oggjphj{�yonhrjs�o}njjx�hij�fmrhrov�¥jprsrlm�¦oujn�qrvv�mlh�{jpr{j�{rsy�hjs�|jhqjjm�hij�klmhnophln�om{�yjnslms�ln�jmhrhrjs�lhijn�hiom�hij��qmjn~S�TUV�V��wij�fmrhrov�¥jprsrlm�¦oujn�qrvv�njzrjq�kvorts�om{�qrhirm�hjm�{o�s�lg�hij�njpjryh�lg�o�kvort�houj�lmj�ln�tlnj�lg�hij�glvvlqrm}�ophrlms�ª�«�nj��jsh�o{{rhrlmov�s�yylnhrm}�{oho�gnlt�hij�pvortomh�ln�o�njsylmsj�qrhi�s�yylnhrm}�{oho�gnlt�hij�lhijn�yonh�x�ª©«�nj®jph�hij�kvort�rm�qilvj�ln�rm�yonhx�ª£«�oyynlzj�hij�kvortx�ª�«�s�}}jsh�o�pltynltrsjx�ln�ª̈«�o{zrsj�hij�yonhrjs�hioh�hij�fmrhrov�¥jprsrlm�¦oujn�rs��mo|vj�hl�njslvzj�hij�kvort�rg�hij�fmrhrov�¥jprsrlm�¦oujn�vopus�s�ggrprjmh�rmglntohrlm�hl�jzov�ohj�hij�tjnrhs�lg�hij�kvort�ln�rg�hij�fmrhrov�¥jprsrlm�¦oujn�plmpv�{js�hiohx�rm�hij�fmrhrov�¥jprsrlm�¦oujn�s�slvj�{rspnjhrlmx�rh�ql�v{�|j�rmoyynlynrohj�gln�hij�fmrhrov�¥jprsrlm�¦oujn�hl�njslvzj�hij�kvort~�S�TUV�V��fm�jzov�ohrm}�kvortsx�hij�fmrhrov�¥jprsrlm�¦oujn�to�x�|�h�siovv�mlh�|j�l|vr}ohj{�hlx�plms�vh�qrhi�ln�sjju�rmglntohrlm�gnlt�jrhijn�yonh��ln�gnlt�yjnslms�qrhi�syjprov�umlqvj{}j�ln�j�yjnhrsj�qil�to��ossrsh�hij�fmrhrov�¥jprsrlm�¦oujn�rm�njm{jnrm}�o�{jprsrlm~�wij�fmrhrov�¥jprsrlm�¦oujn�to��nj��jsh�hij��qmjn�hl�o�hilnr̄j�njhjmhrlm�lg�s�pi�yjnslms�oh�hij��qmjn�s�j�yjmsj~



������ ����	
�������������������������������� !!"#�"$$!#�%&'�"$ !�(��)�*�+,*��-%&�.&/���0�*��1�+�-���*-�/2�+33������/��*/*�4*'2�)�*�5+,*��-%&�.&/���0�*��1�+�-���*-�/#6�5+.+#6���*�+.+�7���#�%&'�5+.+���&��%-��8�-0,*&�/6�%�*��*��/�*�*'���%'*,%�9/�%&'�,%��&���(*�0/*'�:����0���*�,�//��&2�)��/�'�-0,*&��:%/����'0-*'�(��+.+�/�1�:%�*�%�� ;<"$<$=�>)��&�$?@ A@"$""�0&'*��B�'*��C�2"  ="DA;= �:��-��*E���*/��&�$"@"?@"$";#��/�&���1����*/%3*#��/�3�-*&/*'�1����&*F��,*�0/*��&3�#�%&'�,%���&3��(*�0/*'��&�%--��'%&-*�:������*�+.+���&��%-��8�-0,*&�/G�)*�,/��1�H*�4�-*2�)���*�����-���������4��3%���&/#�*F,%�3�-��������I%�%2���2JK�L�M
��KN� O ? =!$$D$AP QR

S�TUVWVX�YZ�[\]�Ŷ_[_̀a�b]c_d_ê�f g̀]h�h]ij]d[d�̀�k̀h[l�[e�khem_n]�̀�h]dkêd]�[e�̀�oà_p�eh�[e�Zjĥ_d\�̀nn_[_ê à�djkkeh[_̂q�ǹ[̀r�djc\�k̀h[l�d\̀aa�h]dkênr�s_[\_̂�[]̂�ǹld�̀Z[]h�h]c]_k[�eZ�djc\�h]ij]d[r�̀̂n�d\̀aa�]_[\]h�tuv�khem_n]�̀�h]dkêd]�ê�[\]�h]ij]d[]n�djkkeh[_̂q�ǹ[̀r�twv�̀nm_d]�[\]�Ŷ_[_̀a�b]c_d_ê�f g̀]h�s\]̂�[\]�h]dkêd]�eh�djkkeh[_̂q�ǹ[̀�s_aa�x]�Zjĥ_d\]n�eh�tyv�̀nm_d]�[\]�Ŷ_[_̀a�b]c_d_ê�f g̀]h�[\̀[�̂e�djkkeh[_̂q�ǹ[̀�s_aa�x]�Zjĥ_d\]nz�{kê�h]c]_k[�eZ�[\]�h]dkêd]�eh�djkkeh[_̂q�ǹ[̀r�_Z�̀̂lr�[\]�Ŷ_[_̀a�b]c_d_ê�f g̀]h�s_aa�]_[\]h�h]|]c[�eh�̀kkhem]�[\]�oà_p�_̂�s\ea]�eh�_̂�k̀h[zS�TUVWVU�}\]�Ŷ_[_̀a�b]c_d_ê�f g̀]h�s_aa�h]̂n]h�̀̂�_̂_[_̀a�n]c_d_ê�̀kkhem_̂q�eh�h]|]c[_̂q�[\]�oà_pr�eh�_̂n_c̀[_̂q�[\̀[�[\]�Ŷ_[_̀a�b]c_d_ê�f g̀]h�_d�ĵ x̀a]�[e�h]deam]�[\]�oà_pz�}\_d�_̂_[_̀a�n]c_d_ê�d\̀aa�tuv�x]�_̂�sh_[_̂q~�twv�d[̀[]�[\]�h]̀dêd�[\]h]Zeh~�̀̂n�tyv�̂e[_Zl�[\]�k̀h[_]d�̀̂n�[\]��hc\_[]c[�̀̂n�oêd[hjc[_ê�f`̂ q̀]hr�_Z�[\]��hc\_[]c[�eh�oêd[hjc[_ê�f`̂ q̀]h�_d�̂e[�d]hm_̂q�̀d�[\]�Ŷ_[_̀a�b]c_d_ê�f g̀]hr�eZ�̀̂l�c\̀ q̂]�_̂�[\]�oê[h̀c[��jp�eh�oê[h̀c[�}_p]�eh�xe[\z�}\]�_̂_[_̀a�n]c_d_ê�d\̀aa�x]�Z_̂̀a�̀̂n�x_̂n_̂q�ê�[\]�k̀h[_]d�xj[�djx|]c[�[e�p]n_̀[_ê�̀̂nr�_Z�[\]�k̀h[_]d�Z̀_a�[e�h]deam]�[\]_h�n_dkj[]�[\hejq\�p]n_̀[_êr�[e�x_̂n_̂q�n_dkj[]�h]deaj[_êzS�TUVWV���_[\]h�k̀h[l�p̀l�Z_a]�Zeh�p]n_̀[_ê�eZ�̀̂�_̂_[_̀a�n]c_d_ê�̀[�̀̂l�[_p]r�djx|]c[�[e�[\]�[]hpd�eZ��]c[_ê�u�zwz�zuzS�TUVWV�VT��_[\]h�k̀h[l�p̀lr�s_[\_̂�y��ǹld�Zhep�[\]�ǹ[]�eZ�̀̂�_̂_[_̀a�n]c_d_êr�n]p̀ n̂�_̂�sh_[_̂q�[\̀[�[\]�e[\]h�k̀h[l�Z_a]�Zeh�p]n_̀[_ê�s_[\_̂����ǹld�eZ�[\]�_̂_[_̀a�n]c_d_êz�YZ�djc\�̀�n]p̀ n̂�_d�p̀n]�̀̂n�[\]�k̀h[l�h]c]_m_̂q�[\]�n]p̀ n̂�Z̀_ad�[e�Z_a]�Zeh�p]n_̀[_ê�s_[\_̂�[\]�[_p]�h]ij_h]nr�[\]̂�xe[\�k̀h[_]d�s̀_m]�[\]_h�h_q\[d�[e�p]n_̀[]�eh�kjhdj]�x_̂n_̂q�n_dkj[]�h]deaj[_ê�khec]]n_̂qd�s_[\�h]dk]c[�[e�[\]�_̂_[_̀a�n]c_d_êz�S�TUVWV��Ŷ�[\]�]m]̂[�eZ�̀�oà_p�̀q̀_̂d[�[\]�oê[h̀c[ehr�[\]��ŝ]h�p̀lr�xj[�_d�̂e[�exa_q̀[]n�[er�̂e[_Zl�[\]�djh][lr�_Z�̀̂l�eZ�[\]�̂̀[jh]�̀̂n�̀peĵ[�eZ�[\]�oà_pz�YZ�[\]�oà_p�h]à[]d�[e�̀�kedd_x_a_[l�eZ�̀�oê[h̀c[eh�d�n]Z̀ja[r�[\]��ŝ]h�p̀lr�xj[�_d�̂e[�exa_q̀[]n�[er�̂e[_Zl�[\]�djh][l�̀̂n�h]ij]d[�[\]�djh][l�d�̀dd_d[̀̂c]�_̂�h]deam_̂q�[\]�cê[hem]hdlzS�TUVWV��YZ�̀�oà_p�h]à[]d�[e�eh�_d�[\]�djx|]c[�eZ�̀�p]c\̀ _̂c�d�a_]̂r�[\]�k̀h[l�̀dd]h[_̂q�djc\�oà_p�p̀l�khec]]n�_̂�c̀cehǹ ĉ]�s_[\�̀kka_c̀xa]�às�[e�cepkal�s_[\�[\]�a_]̂�̂e[_c]�eh�Z_a_̂q�n]̀na_̂]dz�S�TUV�����������S�TUV�VT�}\]�k̀h[_]d�p̀l�]̂n]̀meh�[e�h]deam]�[\]_h�oà_pd�xl�p]n_̀[_ê�s\_c\r�ĵa]dd�[\]�k̀h[_]d�pj[j̀aal�̀qh]]�e[\]hs_d]r�d\̀aa�x]�̀np_̂_d[]h]n�xl�[\]��p]h_c̀ �̂�hx_[h̀[_ê��ddec_̀[_ê�_̂�̀ccehǹ ĉ]�s_[\�_[d�oêd[hjc[_ê�Ŷnjd[hl�f]n_̀[_ê��hec]njh]d�_̂�]ZZ]c[�ê�[\]�ǹ[]�eZ�[\]��qh]]p]̂[z���h]ij]d[�Zeh�p]n_̀[_ê�d\̀aa�x]�p̀n]�_̂�sh_[_̂qr�n]a_m]h]n�[e�[\]�e[\]h�k̀h[l�[e�[\]�oê[h̀c[r�̀̂n�Z_a]n�s_[\�[\]�k]hdê�eh�]̂[_[l�̀np_̂_d[]h_̂q�[\]�p]n_̀[_êz�}\]�h]ij]d[�p̀l�x]�p̀n]�cêcjhh]̂[al�s_[\�[\]�Z_a_̂q�eZ�x_̂n_̂q�n_dkj[]�h]deaj[_ê�khec]]n_̂qd�xj[r�_̂�djc\�]m]̂[r�p]n_̀[_ê�p̀l�khec]]n�_̂�̀nm̀ ĉ]�eZ�x_̂n_̂q�n_dkj[]�h]deaj[_ê�khec]]n_̂qdr�s\_c\�p̀l�x]�d[̀l]n�k]̂n_̂q�p]n_̀[_ê�Zeh�̀�k]h_en�eZ����ǹld�Zhep�[\]�ǹ[]�eZ�Z_a_̂qr�ĵa]dd�d[̀l]n�Zeh�̀�aêq]h�k]h_en�xl�̀qh]]p]̂[�eZ�[\]�k̀h[_]d�eh�cejh[�ehn]hz�������������������� S�TUV�VW}\]�k̀h[_]d�d\̀aa�d\̀h]�[\]�p]n_̀[eh�d�Z]]�̀̂n�̀̂l�Z_a_̂q�Z]]d�]ij̀aalz�}\]�p]n_̀[_ê�d\̀aa�x]�\]an�_̂�[\]�kàc]�s\]h]�[\]��he|]c[�_d�aec̀[]nr�ĵa]dd�̀̂e[\]h�aec̀[_ê�_d�pj[j̀aal�̀qh]]n�jkêz��qh]]p]̂[d�h]̀c\]n�_̂�p]n_̀[_ê�d\̀aa�x]�]̂Zehc]̀xa]�̀d�d][[a]p]̂[�̀qh]]p]̂[d�_̂�̀̂l�cejh[�\̀m_̂q�|jh_dn_c[_ê�[\]h]eZz
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WXYZ[\]̂[_XY�̀aYabc\d�e]_fg_Yb�hc\i_[ZjkjkjWXYZ[\]̂[_XY�̀aYabc\d�WXii]Y_̂a[_XYZ�[l\X]blmkjknWXYZ[\]̂[_XY�̀aYabc\d�WXYZ[\]̂[_XY�ôlcg]fcpkqrkqd�pkqrkpstuvwxyswztu�{|u|}~x�WXYZ[\]̂[_XY�̀aYabc\d��c�_Y_[_XY�X�mkqkjWXYZ[\]̂[_XY�̀aYabc\d��X̂]icY[Z�aYg�oai�fcZ�a[�[lc�o_[cpkqqWXYZ[\]̂[_XY�̀aYabc\d���[cY[�X���][lX\_[�pkqjk�d�pkqjk�d�mkqkpd�mkjkqd�mkjkmd�mkjk�d�mkjk�d��kqkjd��kjd��kpkqd��kpd��kpkqd��kmkqd��kmkjd��kmkpd��k�kjd��k�kpd��k�kmd��k�kqd�qjkqd�qjkjkqd�qmkjkjd�qmkjkmWXYZ[\]̂[_XY�̀aYabc\d��_i_[a[_XYZ�X���][lX\_[��aYg��cZ�XYZ_�_f_[�mkjk�d�mkjk�d�qpkmkjWXYZ[\]̂[_XY�̀aYabc\d�o]�i_[[afZmkjk�WXYZ[\]̂[_XY�̀aYabc\�Z��gg_[_XYaf�oc\�_̂cZ�aYg����cYZcZqjkjkqWXYZ[\]̂[_XY�̀aYabc\�Z��gi_Y_Z[\a[_XY�X��[lc�WXY[\â[mkjd��kmd��k�WXYZ[\]̂[_XY�̀aYabc\�Z����\X�afjkmd�pkqrkqd�pkqrkjWXYZ[\]̂[_XY�̀aYabc\�Z��][lX\_[��[X��c�ĉ[��X\�mkjk�d�qjkjkqWXYZ[\]̂[_XY�̀aYabc\�Z��ĉ_Z_XYZ�kpk�d��kpk�d��kmkqd��k�kqWXYZ[\]̂[_XY�̀aYabc\�Z��YZ�ĉ[_XYZmkjk�d��k�kpd��k�kjWXYZ[\]̂[_XY�̀aYabc\�Z��Y�o_[c���Zc\�a[_XYZ�k�kqWXYZ[\]̂[_XY�̀aYabc\�Z��cfa[_XYZl_���_[l��\̂l_[ĉ[qkqkjd�mkjkqd�mkjk�d�mkjk�d�mkjk�d�mkjkqpd�mkjkq�d�mkjkqnd�mkjkjrd��kjkqd��kmkjd��k�d��knkqd��knkpd��k�kjd��k�kpd��k�kmd��k�kqd��kqrkqd��kqrkjd��kqrkpd�qqkqkpd�qjkjkmd�qpk�kqd�qpk�kjd�qpk�kmd�qmkjkjd�qmkjkmWXYZ[\]̂[_XY�̀aYabc\�Z��cfa[_XYZl_���_[l�WXY[\â[X\pkjkjd�pkjkpd�pkpkqd�pk�d�pkqrkqd�pkqrkjd�pkqrkpd�pkqqd�pkqjk�d�pkqjknd�pkqjk�d�pkqjk�d�pkqjk�d�pkqjkqrd�pkqpkjd�pkqmkjd�pkq�kjd�pkqnd�pkq�d�pkq�kqd�mkjkmd�mkjk�d�mkjknd�mkjk�d�mkjkqmd�mkjkq�d�mkjkjrd��kjd�nkjkqd�nkjkjd��kqkjd��kjd��kpk�d��kpk�d��kpkqrd��kpkqd��kjd��kpkqd��kmkqd��kmkjd��k�d��k�kjd��k�kpd��k�kmd��k�kqd��kqrkqd��kqrkjd��kqrkpd�qrkqd�qrkpd�qqkpk�d�qjkqd�qpk�kqd�qpk�kjd�qpk�kpd�qpk�kmWXYZ[\]̂[_XY�̀aYabc\�Z��cfa[_XYZl_���_[l���Yc\�jkjkjd�mkjkqd�qrkpkjWXYZ[\]̂[_XY�̀aYabc\�Z��cfa[_XYZl_���_[l��[lc\�WXY[\â[X\Z�aYg���Yc\�Z���Y��X\̂cZ�mkjkmWXYZ[\]̂[_XY�̀aYabc\�Z��cfa[_XYZl_���_[l�o]�̂XY[\â[X\Zmkjk�d��kpd��knkpd��knkmWXYZ[\]̂[_XY�̀aYabc\�Z�o_[c��_Z_[Z�k�kqWXYZ[\]̂[_XY�ôlcg]fcZd�WXY[\â[X\�Zpkqrd�pkqjkqd�pkqjkjd�nkqkjd�q�kqk�kjs����������|����� �����¡�v¢£¤���¥¦¤��§̈�d�qmkjkjkjs�����¢����s���¥¦¤��©�¥¡�¥ ¦�¤�ª§̈ª̈«s���¥¦¤�¬��c�_Y_[_XY�X��ª̈ª̈
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WXYZ[\WZ]�Ẑ [_ Ỳ\Z̀XY�X[�abaĉ YàXY�Xd�Zê �fghgigij�iigkglj�mnopqrstur�vwxyqyzrstrypqkgigkj�hg{j�lghj�lgfopqrstur�v|tsw�tqw�}~�u�rypqj�opqwyrypqz����tryq��rpkg�gij�kgi�j�fg{j��gij�iigigkj�iigkg�j�iighgiopqrstur��pu�x�qrzj�op�y�z���sqyz��w�tqw��z��p��igfg{j�{g{gfj�fgkW�����������������]����yqyrypq�p�m�m�mopqrstur���s�psxtqu����syq��vs�yrstrypq�ifgigkW��������a���kg�ghj�kg�gfj�kg�j�kgi�g{j�fg{gkj��g{j��gkj��ghj���m]�lg{j�lgfgighj�lg�g�j�lg�j�i�gkg{j�iigkgigij�i{gkj�ihg{ghj�ihgkg{j�ifgighj�ifg{gfopqrstur��yx�kg�ghj�kg�gfj�hj�kgi�g{j�fg{gkj��g{gkj��gkgij��gkgfj��gkgi�j��ghj��gigij��g{gij��g{gkj��gkgij�lgfgij�lg�j�i�gkg{j�i{gigij�ihgkg{j�ifgigfgij�ifg{gfopqrstur��yx�j����yqyrypq�p��gigiWXYZ[\WZX[��opqrsturpsj����yqyrypq�p��kgigiW������������W�������� ���a�¡�¢�£�����m¤j�kgi{gij�kgi{g{j��gigkj�ifgigfg{opqrsturps¥z�}x��p¦��zkgkg{j�kghgkj�kg�gij�kglj�kgi�g{j�hg{gkj�hg{g�j�i�g{j�i�gkj�iigigij�iigkg�j�ihgij�ihg{gigiW������������§ �̈ £ �©�̀��������mm�mopqrsturps¥z����trypqz�y��|yr��ªr��s�opqrsturpsz�tqw�ª|q�s¥z�ª|q��psu�zkgi{gfj�kgihg{j�hg{g�j��j�iigkj�i{gig{j�i{g{ghopqrsturps¥z����trypqz�y��|yr��«��upqrsturpsz�ig{g{j�kgkg{j�kgi�j�fj�lg�g{j�lg�g�j�lgi�g{j�iigkgig{j�iigkg�j�iigkg�j�ihg{gig{opqrsturps¥z����trypqz�y��|yr��r���vsu�yr�urigig{j�igfj�kg{g{j�kg{gkj�kg{ghj�kghg{j�kgfj�kg�ghj�kgi�gij�kgiij�kgi{j�kgi�j�kgi�j�fg{j��g{g{j��j��gkgij�lg{j�lgkj�lghj�lgfj�lg�j�lg�j�lglj�i�g{g�j�i�gkj�iigkg�j�i{j�ikgfj�ifgig{j�ifg{giopqrsturps¥z����trypqz�y��|yr��r���opqzrs�urypq�¬tqt��s�igig{j�kg{g{j�kg{gkj�kgkgij�kgfj�kgi�gij�kgi�g{j�kgi�gkj�kgiij�kgi{gfj�kgi{g�j�kgi{glj�kgi{gi�j�kgikg{j�kgihg{j�kgifgij�kgi�j�kgi�j�kgi�gij�hg{ghj�hg{gfj�fg{j��g{gij��g{g{j��gig{j��gkgfj��gkg�j��gkgi�j��gkgij�lg{j�lgkgij�lghgij�lghg{j�lg�g{j�lglgij�lgi�gij�lgi�g{j�lgi�gkj�i�gij�i�g{g�j�i�gkj�iigkg�j�i{gij�ikgfgij�ikgfg{j�ikgfgkj�ikgfghopqrsturps¥z����s�z�qrtrypqz�kg{gij�kg{g{j�kgfj�kgi{g�j��g{g{j��g{gij�lgkgkj�lg�g{opqrsturps¥z���z�pqzy�y�yr¦��ps���pz����s�psxyq��r���ps®�kgkg{j�kgi�j�fgkj��gigkj��g{j�lgfgij�i�g{g�opqrsturps¥z���̄y�|�p��opqrstur��pu�x�qrz�kg{opqrsturps¥z��y��r�rp�«rp��r���ps®�lg�opqrsturps¥z��y��r�rp���sxyqtr��r���opqrsturihgiopqrsturps¥z�«��xyrrt�z�kgi�g{j�kgiij�kgi{j�hg{glj�lg{j�lgkj�lg�g{j�lglgij�lgi�g{j�lgi�gkj�iigigkj�iighg{opqrsturps¥z�«���syqr�qw�qrkglj�i�g{g�opqrsturps¥z�«���s̄yzypq�tqw�opqzrs�urypq��spu�w�s�zig{g{j�kgkj�kghj�hg{gfj�hg{g�j��gij��g{ghj��gigkj��gkgfj��gkg�j��g{j�i�j�i{j�ihj�ifgigk
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WXYZ[\]Ẑ\_�̀a\ba_aZc�dYê[\Y]f�gghghghij�gghkj�gghlhghmWXX[naY\ZaXY�\Yn�WX[[f_\ZaXY�ghkj�lhkj�lhlhgj�lhgoj�lhgkhpj�phghkj�phkhgWXqafe�r̂[Yaesfn�Xt�u[\vaYwe�\Yn�xqf]ata]\ZaXYe�ghmj�khkhmj�lhggWXqc[awsZeghmj�lhgyz{||}~��{��{���{|��khlj�kh�j��h�hgj��h�hkj��hihkj��hihlj��h�hgj�gkhghkj�����z{||}����{���������}���{����}�z{��|�~���{~��}������WXeZe�kh�j�lhkh�j�lhyhlj�lhihkj�lhgmhkj�mh�hkj�phghgj�phkhlj�yhlhlhlj�yhlhpj�yhlhyj�yhlhij�yhlh�j�gghlhghkj�gghlhghlj�gghlh�j�gghlh�j�gkhgj�gkhkhgj�glhmj�g�z��������������~��������j�phkhm�u\�\wf�ZX�WXYeZ[̂]ZaXY�Xt��vYf[�X[��Zsf[�WXYZ[\]ZX[elhg�hkj�phkh�j��hmhghmj�gohkhghkj�gohkhmj�goh�j�gghghgj�gghlj�gkhkh�u\�\wf�ZX�Zsf��X[��lhg�hkj��h�hgj�gohkhghkj�gohkhmj�goh�j�gghlhgj�gkhkh�u\�\wfej�W_\a�e�tX[�lhkh�j�lhgij�phghgj�ihlhkj�gohlhlj�gghghgj�gghlhmj�gghlhyj�g�hkh�j�gmhghpu\�\wfe�tX[�uf_\c�phghgj�ihlhlj��hmhghpj��hyj�gohlhkj�gmhghmu\Zf�Xt�WX��fY]f�fYZ�Xt�Zsf��X[�j�uftaYaZaXY�Xtihghk�u\Zf�Xt�x̂beZ\YZa\_�WX�q_fZaXYj�uftaYaZaXY�Xt�ihghl�u\cj�uftaYaZaXY�Xt�ihgh��uf]aeaXYe�Xt�Zsf��[]saZf]Z�lhyh�j��hkhyj��hkhij��hkhgoj��hkhggj��hkhglj��hkhgmj��hkhgpj��hkhgyj��hkhgij��hkhg�j��hkhkoj�yhlh�j�ihghlj�ihlhgj��hkj��h�j��hmj��hihlj��hih�j��h�hgj�gohghkj�glhmhkj�g�hkhkj�g�hkh�j�gmhgj�gmhkuf]aeaXYe�Xt�Zsf�WXYeZ[̂]ZaXY��\Y\wf[yhlhyj�yhlhij�yhlh�j�gmhgj�gmhk�}~���{����{������{���z}|����~���{��h�hgj�������hyj�g�hghghl�uftf]Za f�X[�¡XY]XYtX[�aYw��X[�j��]]fqZ\Y]fj�¢f£f]ZaXY�\Yn�WX[[f]ZaXY�Xt�khlj�kh�j�lhmj��hkhij�phkhmj��hmhgj��hphpj��hihkj��h�hlj��hgoh�j�gkhkhgj�gkhkhk�uftaYaZaXYe�ghgj�khghgj�lhghgj�lhgkhgj�lhgkhkj�lhgkhlj��hghgj��hghkj�yhkj�yhlhgj�ihgj��hgj��hihgj�gmhghg�}��¤������¥¦�}���{���{��§��}�lhkj�lhyh�j�mhkhlj�yhkj�yhlhgj�yh�j�̈��j��hmhgj��hyj�gohlhkj�goh�j�g�hlhkj�gmhghmj�gmhkhmuaeq̂Zfe�yhlhij�yhlh�j��hlj�gmhgj�gmhk���©�ª§¥©��z«¬�©�¬®�lhkh�j�phghgj�phlj�yhlh�j��hlhlj���j�gmh��{~��}��������©��̄ �}�������}�©��}�������|�°������uftaYaZaXY�Xt�������|�°���������©̄}~���~���{����±°�}|���̄�����ª�}ghghgj������khkhmj�lhggj�mhl�ûZc�ZX�¢f afv�WXYZ[\]Z�uX]̂�fYZe�\Yn�raf_n�WXYnaZaXYelhk�
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WXXYZ[\]Y�̂_[Y�̀X�abcde_bZYfghghi�jjgjgh�klmnompqrms�tuvwi�jxgjgjghi�jygjgxWz{|̀}YYci�~̀b[e_Z[̀e�c��g�ghi��gxg�i��gfgji��g�i��gjfgji��gjfghi�xghg�i�xghg�i�j�ghi�j�g�g�i�jjgjgji�jjg�g�i�jxgji�jxghgjgj�W�d\{zYb[i��_�̀ei��_[Ye\_|c�_b��̀ejgjg�i�jgjg�i��gxi��gyi��gfghi��gfg�i��gjhghi��gjhg�i��gj�gji��gjygji�xghgfi�xghg�i�yghgji��ghgji��g�g�i��g�ghi��g�g�i��gygjg�i��gj�ghi�j�ghgji�j�ghgxi�jxghgh�W�YZd[\̀b�_b���è�eYcc�̀X�[�Y�� è��jgjg�i�jghgji�jghghi�hghg�i�hghgyi��gji��g�gji��gxgji��gyi��g�gji��gj�gji��gjhi��gjxi�xghi��ghghi��gjg�i��g�gyi�fghi��gygji��g�gji�j�ghi�j�g�i�jhghi�jxghi�jxg�gji�jygjg��W�[Ybc\̀bc�̀X��\zY��ghgxi��g�gxi�yghg�i��ghg�i��gxi�fg�i��gygji��g�i�j�g�ghi�j�gxi�jxg�i�jygjgyi�jyghgy��r��nm�������lmp���gygjg�i��v�i�j�g�i�jxgjgjg�i�jxgjg�i�jxghgjghi�jygjgx�_d|[}�� è����YY�̂YXYZ[\]Y�̀e��̀bZ̀bX̀ez\b��� è� ��rp���¡�l¢�m�r�p��p£��rp������lmp��xghgji�xghgjyi��gfghi��vtui�jjgjghi�jjgjg�i�jjg�gji�jjg�gyi�jhg�i�jyghgj�\b_bZ\_|�¤ee_b�YzYb[ci�¥¦bYe�c�hghgj§k̈ k©ª«��©¬®̄®¬̈ ¯t�§�°mnprpo�«�±�t²vt�³d_e_b[YYc���YY��_ee_b[}�_b���_ee_b[\Yc ��́µ�n£��s�¶��mnr��sj�ghgxi�tuv²a�Yb[\X\Z_[\̀b�̀X�~̀b[e_Z[�̂ Z̀dzYb[cjghgj�a�Yb[\X\Z_[\̀b�̀X��d�Z̀b[e_Z[̀ec�_b���d{{|\Yecyghgj�®p£mlpr�rq��r�p�²vt·i��gj�ghi�j�g�g�i�j�g�gyi�j�g�g�i�jjg�gjghi�jjg�g�®p��nl��r�p��p£�̄mn°rqms�©m̧�rnm£�����¹m�¬±pmnhgjghi�ºvºi�xghg�i��gjghi��ghgyi��g�gji��g�gxi��gfi��g�gji��gj�g�i�j�g�ghi�j�g�g�i�jjghi�jjg�gxi�j�gygji�j�gyghi�jxgjgjgxi�jxgjg�i�jygjgh®pr�r���»mqrsr�pt¼vº®pr�r���»mqrsr�p�¶�½mni�̂YX\b\[\̀b�̀Xtvtv·ab\[\_|�̂YZ\c\̀b��_�Yei�W�[Yb[�̀X�¤d[�̀e\[}jxghghi�jxghgxi�jygjg�i�jyghghi�jyghg�i�jyghgxi�jyghgy®p¾�n���n�»�l�om�����mns�p��n��n�¢mn���gjfgji�j�ghgji�j�ghghi�tuvºv·i�j�g�i�j�g�g�i�j�gxi�jjgjgjabc{YZ[\̀bc�gjg�i��g�gji�xghghi��gfghi��g�ghi��gj�gji�j�gy�abc[edZ[\̀bc�[̀�¿\��Yec�jgjgj�abc[edZ[\̀bc�[̀�[�Y�~̀b[e_Z[̀e��gjgxi��g�g�i��g�gji�xghgxi�yghgji��i�fghghi�jhgji�j�gygh�®ps�n�lmp�s����̄mn°rqmi�̂YX\b\[\̀b�̀Xtvtv�i�jgyi�jg�®ps�n�pqm��gjgji��g�g�i�fghghi��g�ghi��gfgxi��g�gji��gj�ghi�j�ghgyi�jj�®ps�n�pqmÀ�Á�r�mn��p£�¶�q¹rpmn��ttv²vº�
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����������	���
�����������������������
������������������������� !"#$%�&�'(()*�)++(*�,-.�)+'(�/ �0$1�231!"4,-�5-6%"%7%1��8�2!4$"%14%69�2::�!"#$%6�!161!;1.9�0$1�<231!"4,-�5-6%"%7%1��8�2!4$"%14%6*=�<252*=�%$1�252�>�#�*�,-.�<252���-%!,4%�?�4731-%6=�,!1�!1#"6%1!1.�%!,.13,!@6�,-.�3, �-�%�/1�761.�A"%$�7%��1!3"66"�-9�0$"6�.�4731-%�A,6��!�.741.�/ �252�6�8%A,!1�,%�'BC)+C+D�E0��-�+FG'HG)+))�7-.1!�I!.1!�J�9)''D)KHBD'�A$"4$�1L�"!16��-�+)G)FG)+)B*�"6�-�%�8�!�!16,:1*�"6�:"41-61.�8�!��-1M%"31�761��-: *�,-.�3, ��-: �/1�761.�"-�,44�!.,-41�A"%$�%$1�252���-%!,4%�?�4731-%6N�01!36��8�O1!;"419�0��!1��!%�4�� !"#$%�;"�:,%"�-6*�1M3,":�4�� !"#$%P,",9�!#9Q����R����S� T'F'D(++K+HU �V

WXYYZ[[\][�̂_̀�a[[bc_[defg�WXhZ]b_iZ_̀Z_iefjk�lmnonp�WXhZ]qb[b\_�̂_̀�r\_[i]XYib\_�s]\YZ̀X]Z[lnonok�efek�tnuk�tnlonlmk�unonok�unontk�unonvk�unonwk�unonxk�unonlmk�unonllk�pnlntk�pnonuk�ynlntk�yntnyk�wnok�wntnlk�xnuntntk�lmk�lok�luk�lvnlntz{|}~�vnunlnok�xnwnvk�xnlmnok�xnlmntk�lunonok�lvnonyz{|}~�k�����}�~���xnlmnok�xnlmnt�z{|�}��lnlnyk�onont�WX[hZ_[b\_����i�Z���_Z]��\]�r\_qZ_bZ_YZd�fe�z{��}���������~�}���|�vnunok�lunt�z{��}�������|��}|����~�������~�}����~|��~vnunlnlk�lu��̂�Z[ef�k�tnwnonlk�yntnynu��Z]�b_̂ib\_����i�Z�r\_i]̂Yi\]d�fdk�lvnlnp�Z]�b_̂ib\_����i�Z���_Z]��\]�r̂X[Zvnunlnlk�d�fgk�lvnlnp�Z]�b_̂ib\_����i�Z���_Z]��\]�r\_qZ_bZ_YZd�f��}|����~�������~�}����~|��~�|lunono�������a��������W�Ws��W����� ��¡��r����ar�d���Z[i[�̂_̀��_[hZYib\_[tnlnuk�tntntk�unonok�unonpk�unonwk�xnuntntk�xnwntk�xnxnok�xnlmnlk�lmntnok�lononlk�def¢�����£��b�Z¤�¥Z¦̂�[�̂_̀���iZ_[b\_[�\�tnonuk�tnynuk�vnontk�ynok�yntnlk�ynuk�£fek�xnvnlk�lmntnok�luntnok�lvnlnvk�lvnonv����}�§���~�onlnok�onok�onuk�tnonok�tnlmk�tnllk�tnlonvk�tnlvnlk�unonlk�vnok�vntk�vnuk�pnonuk�yntk�ynuk�wnok�xnok�xntnlk�xntntk�xnunlk�xnunok�xnvk�xnpk�xnyk�xnwk�xnxk�xnlmk�llnlntk�llnuk�lonok�ltnvk�ltnyk�luk�lv�b�Z�̈b�bi[�\_�r¦̂b�[tnynuk�lmnonwk�def©k�lvnlno��~ª}�~����|�xntnok�xntnt��]̂_[�b[[b\_�\��¥̂ î�b_�¥bcbî¦� \]�df���r�«����¬�a�¥�r����r������ ���®dg��_Y\qZ]b_c�\��\]̄dgfd�°���|}�}}�����±�~����k�����}�ª}±��|�°����²�tnynuk�wntnlk�lmnt°��~�³|��}�yntntnok�yntnu°�}����́��{�}�~�lnlnlk�lnvk�ononvk�tnlonpk�vnt�
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W�XYZY[YX�\]�̂_̀�̀à]̂�bc�db]cefd̂g�bh�ifgdh̀jk]df̀g�klb]m�̂_̀�nb]̂hkd̂�obdpl̀ ]̂gq�f]̂̀hjh̀̂k̂fb]g�rfee�s̀�skg̀i�b]�̂_̀�cbeebrf]m�jhfbhf̂f̀gtYX�ubifcfdk̂fb]gq�kg�ìcf]̀i�f]�v̀d̂fb]�wxwxwx �YZ�y_̀�zmh̀̀ l̀ ]̂xY[�ziì]ikq�rf̂_�̂_bg̀�bc�ek̂̀h�ik̂̀�_kaf]m�jh̀d̀ì]d̀�bàh�̂_bg̀�bc�̀khef̀h�ik̂̀xY{�y_̀�|̀]̀hke�nb]if̂fb]g�bc�̂_̀�nb]̂hkd̂�cbh�nb]ĝhpd̂fb]xY}�ofafgfb]�~w�bc�̂_̀�vj̀dfcfdk̂fb]gxY��ohkrf]mg�k]i�h̀lkf]f]m�ofafgfb]g�bc�̂_̀�vj̀dfcfdk̂fb]gx\]�̂_̀�dkg̀�bc�db]cefd̂g�bh�ifgdh̀jk]df̀g�s̀ r̂̀ ]̀�ohkrf]mg�k]i�ofafgfb]g�bc�̂_̀�vj̀dfcfdk̂fb]g��b̂_̀h�̂_k]�ofafgfb]�~w�q�bh�rf̂_f]�bh�klb]m�̂_̀�nb]̂hkd̂�obdpl̀ ]̂g�k]i�]b̂�dekhfcf̀i�s��ziì]iplq�̂_̀�zhd_f̂̀d̂�rfee�ì^̀hlf]̀�r_fd_�k̂�̀g�jh̀d̀ì]d̀�f]�kddbhik]d̀�rf̂_�v̀d̂fb]g��x�xwwq��x�xw�q�k]i��x�xw�xỳhlg�dkjf̂kef�̀i�f]�̂_̀g̀�|̀]̀hke�nb]if̂fb]g�f]depì�̂_bg̀�̂_k̂�kh̀��w��gj̀dfcfdkee��ìcf]̀iq�����̂_̀�̂f̂èg�bc�]pls̀h̀i�kĥfdègq�kĥfdèg�bh�����̂_̀�̂f̂èg�bc�b̂_̀h�ibdpl̀ ]̂g�jpsefg_̀i�s��̂_̀�zl̀hfdk]�\]ĝf̂p̂̀ �bc�zhd_f̂̀d̂gx��������������r]̀hg_fj�k]i��g̀�bc�ohkrf]mgq�vj̀dfcfdk̂fb]gq�k]i��̂_̀h�\]ĝhpl̀ ]̂g�bc�v̀hafd̀������������������� �¡�����¢�£�¤��¥� �¥�¦����������¦����§��¦�̈©��¦��� �¤��ª�¥���������y_̀�zhd_f̂̀d̂�k]i�̂_̀�zhd_f̂̀d̂«g�db]gpêk]̂g�g_kee�s̀�ì l̀̀i�̂_̀�kp̂_bhg�k]i�br]̀hg�bc�̂_̀fh�h̀gj̀d̂fà�\]ĝhpl̀ ]̂g�bc�v̀hafd̀q�f]depif]m�̂_̀�ohkrf]mg�k]i�vj̀dfcfdk̂fb]gq�k]i�h̀̂kf]�kee�dbllb]�ekrq�ĝk̂p̂bh�q�k]i�b̂_̀h�h̀g̀hài�hfm_̂g�f]�̂_̀fh�\]ĝhpl̀ ]̂g�bc�v̀hafd̀q�rfee�h̀̂kf]�kee�dbllb]�ekrq�ĝk̂p̂bh��k]i�b̂_̀h�h̀g̀hài�hfm_̂gq�f]depif]m�dbj�hfm_̂gx�y_̀�nb]̂hkd̂bhq�vpsdb]̂hkd̂bhgq�gps¬gpsdb]̂hkd̂bhgq�k]i�lk̂̀hfke�bh�̀pfjl̀ ]̂�gpjjef̀hg�g_kee�]b̂�br]�bh�dekfl�k�dbj�hfm_̂�f]�̂_̀�\]ĝhpl̀ ]̂g�bc�v̀hafd̀x�vpslf̂̂ke�bh�ifĝhfsp̂fb]�̂b�l̀ `̂�bccfdfke�h̀mpek̂bh��h̀pfh̀l̀ ]̂g�bh�cbh�b̂_̀h�jphjbg̀g�f]�db]]̀d̂fb]�rf̂_�̂_̀�̂_fg�®hb̄̀ d̂�fg�]b̂�̂b�s̀�db]ĝhp̀i�kg�jpsefdk̂fb]�f]�ìhbmk̂fb]�bc�̂_̀�zhd_f̂̀d̂«g�zhd_f̂̀d̂q�bh�zhd_f̂̀d̂«g�db]gpêk]̂g«�h̀g̀hài�hfm_̂gx��������y_̀�nb]̂hkd̂bhq�vpsdb]̂hkd̂bhgq�vps¬gpsdb]̂hkd̂bhgq�k]i�lk̂̀hfke�bh�̀pfjl̀ ]̂�gpjjef̀hg�kh̀�kp̂_bhf�̀i�̂b�pg̀�k]i�h̀jhbipd̀�̂_̀�\]ĝhpl̀ ]̂g�bc�v̀hafd̀�jhbafìi�̂b�̂_̀lq�gps̄̀ d̂�̂b�k]��jhb̂bdbeg�̀ĝksefg_̀i�jphgpk]̂�̂b�v̀d̂fb]g�wx°�k]i�wx±q�̂_̀l�gbèe��k]i�̀²depgfàe��cbh�̀²̀dp̂fb]�bc�̂_̀�³bh�x�zee�dbjf̀g�lkì�p]ìh�̂_fg�kp̂_bhf�k̂fb]�g_kee�s̀kh�_̂̀�dbj�hfm_̂�]b̂fd̀q�fc�k]�q�g_br]�b]�̂_̀�\]ĝhpl̀ ]̂g�bc�v̀hafd̀x�y_̀�nb]̂hkd̂bhq�vpsdb]̂hkd̂bhgq�vps¬gpsdb]̂hkd̂bhgq�k]i�lk̂̀hfke�bh�̀pfjl̀ ]̂�gpjjef̀hg�lk��]b̂�pg̀�̂_̀�\]ĝhpl̀ ]̂g�bc�v̀hafd̀�b]�b̂_̀h�jhb̄̀ d̂g�bh�cbh�kiif̂fb]g�̂b�̂_̀�_̂fg�®hb̄̀ d̂�bp̂gfì�̂_̀�gdbj̀�bc�̂_̀�³bh��rf̂_bp̂�̂_̀�gj̀dfcfd�rhf̂̀̂ ]�db]g̀]̂�bc�̂_̀��r]̀hq�zhd_f̂̀d̂q�zhd_f̂̀d̂�k]i�_̂̀�zhd_f̂̀d̂«g�db]gpêk]̂gx����́�µ�¦�¥�����́���¶²d̀ĵ�kg�b̂_̀hrfg̀�jhbafìi�f]�v̀d̂fb]�wx·x�q�r_̀h̀�̂_̀�nb]̂hkd̂�obdpl̀ ]̂g�h̀pfh̀�b]̀�jkĥ��̂b�]b̂fc��bh�mfà�]b̂fd̀�̂b�̂_̀�b̂_̀h�jkĥ�q�gpd_�]b̂fd̀�g_kee�s̀�jhbafìi�f]�rhf̂f]m�̂b�̂_̀�ìgfm]k̂̀i�h̀jh̀g̀]̂k̂fà�bc�̂_̀�jkĥ��̂b�r_bl�̂_̀�]b̂fd̀�fg�kiih̀gg̀i�k]i�g_kee�s̀�ì l̀̀i�̂b�_kà�s̀ ]̀�ipe��g̀hài�fc�ìefàh̀i�f]�j̀hgb]q�s��lkfeq�s��dbphf̀hq�bh�s��̀èd̂hb]fd�̂hk]glfggfb]�fc�k�l̀ _̂bi�cbh�̀èd̂hb]fd�̂hk]glfggfb]�fg�g̀̂�cbĥ_�f]�̂_̀�zmh̀̀ l̀ ]̂x����́���̧b̂fd̀�bc�nekflg�kg�jhbafìi�f]�v̀d̂fb]�w¹xwx��g_kee�s̀�jhbafìi�f]�rhf̂f]m�k]i�g_kee�s̀�ì l̀̀i�̂b�_kà�s̀ ]̀�ipe��g̀hài�b]e��fc�ìefàh̀i�̂b�̂_̀�ìgfm]k̂̀i�h̀jh̀g̀]̂k̂fà�bc�̂_̀�jkĥ��̂b�r_bl�̂_̀�]b̂fd̀�fg�kiih̀gg̀i�s��d̀ĥfcf̀i�bh�h̀mfĝ̀h̀i�lkfeq�bh�s��dbphf̀h�jhbafif]m�jhbbc�bc�ìefàh�x����º�¡�¢�¦�»�¡�¦����������¼����©������y_̀�jkĥf̀g�g_kee�kmh̀̀�pjb]�jhb̂bdbeg�mbàh]f]m�̂_̀�̂hk]glfggfb]�k]i�pg̀�bc�\]ĝhpl̀ ]̂g�bc�v̀hafd̀�bh�k]��b̂_̀h�f]cbhlk̂fb]�bh�ibdpl̀ ]̂k̂fb]�f]�ifmf̂ke�cbhlx�y_̀�jkĥf̀g�rfee�pg̀�z\z�obdpl̀ ]̂�¶�~�½¾�~w�q�¿pfeif]m�\]cbhlk̂fb]�ubìef]m�k]i�ofmf̂ke�ok̂k�¶²_fsf̂q�̂b�̀ĝksefg_�̂_̀�jhb̂bdbeg�cbh�̂_̀�ìàebjl̀ ]̂q�pg̀q�̂hk]glfggfb]q�k]i�²̀d_k]m̀�bc�ifmf̂ke�ik̂kx����À�Á̈�»���¢�§� ��©�¦����Â���»����������Ã�»���¥�z]��pg̀�bcq�bh�h̀efk]d̀�b]q�kee�bh�k�jbĥfb]�bc�k�spfeif]m�f]cbhlk̂fb]�lbìe�rf̂_bp̂�kmh̀̀ l̀ ]̂�̂b�jhb̂bdbeg�mbàh]f]m�_̂̀�pg̀�bcq�k]i�h̀efk]d̀�b]q�̂_̀�f]cbhlk̂fb]�db]̂kf]̀i�f]�̂_̀�lbìe�k]i�rf̂_bp̂�_kaf]m�̂_bg̀�jhb̂bdbeg�g̀̂�cbĥ_�f]�z\z�obdpl̀ ]̂�¶�~�½¾�~w�q�¿pfeif]m�\]cbhlk̂fb]�ubìef]m�k]i�ofmf̂ke�ok̂k�¶²_fsf̂q�k]i�̂_̀�h̀pfgf̂̀�z\z�obdpl̀ ]̂�
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WXYXZ[XY\]̂�_̀abcde�fghijhkl�mknàopehak�qajcihkl�_̀aeadai�ràô�stpii�uc�pe�etc�gshkl�à�̀civhkl�wp̀evxs�saic�̀hsy�pkj�zhetage�ihpuhihev�ea�etc�aetc̀�wp̀ev�pkj�hes�dakèpdeàs�à�daksgiepkeŝ�etc�pgetàs�an̂�à�dakèhugeàs�eâ�etc�ughijhkl�hknàopehak�oajcî�pkj�cpdt�an�etch̀�plckes�pkj�cowiavccs{|�}~��������������������������������������mn�etc�wp̀ehcs�hkeckj�ea�èpksohe�mksègockes�an��c̀�hdc�à�pkv�aetc̀�hknàopehak�à�jadgockepehak�hk�jhlhepi�nàô�etcv�stpii�ckjcp�à�ea�csepuihst�kcdcssp̀v�ẁaeadais�la�c̀khkl�sgdt�èpksohsshakŝ�gkicss�aetc̀zhsc�pìcpjv�ẁa�hjcj�hk�etc��l̀ccocke�à�etc��akèpde��adgockes{�|��~}~}��tc��zkc̀�hs�etc�wc̀sak�à�ckehev�hjckehnhcj�ps�sgdt�hk�etc��l̀ccocke�pkj�hs�̀cnc̀̀cj�ea�et̀agltage�etc��akèpde��adgockes�ps�hn�shklgip̀�hk�kgouc̀{��tc��zkc̀�stpii�jcshlkpec�hk�z̀hehkl�p�̀cẁcsckepeh�c�zta�stpii�tp�c�c�ẁcss�pgetàhev�ea�uhkj�etc��zkc̀�zhet�̀cswcde�ea�pii�opeec̀s�̀c�gh̀hkl�etc��zkc̀xs�pwẁa�pi�à�pgetàh�pehak{���dcwe�ps�aetc̀zhsc�ẁa�hjcj�hk��cdehak��{X{\̂�pgetàh�pehak̂�aetc̀�etpk��tpklc��̀jc̀s�pjbgsehkl�etc��akèpde��go{���dcwe�ps�aetc̀zhsc�ẁa�hjcj�hk��̀ehdic��̂�etc��aksègdehak�qpkplc̀�pkj�etc��̀dthecde�ja�kae�tp�c�sgdt�pgetàhev{��tc�ec̀o���zkc̀��ocpks�etc��zkc̀�à�etc��zkc̀xs�pgetàh�cj�̀cẁcsckepeh�c{�{{|��~}~���tc��zkc̀�stpii�ng̀khst�ea�etc��akèpdeà̂�zhethk�nhnecck�jpvs�pnec̀�̀cdchwe�an�p�z̀heeck�̀c�gcsê�hknàopehak�kcdcssp̀v�pkj�̀cic�pke�nà�etc��akèpdeà�ea�c�pigpeĉ�lh�c�kaehdc�an̂�à�cknàdc�ocdtpkhdxs�ihck�̀hltes{��gdt�hknàopehak�stpii�hkdigjc�p�dà̀cde�sepecocke�an�etc�̀cdàj�iclpi�eheic�ea�etc�ẁawc̀ev�ak�zthdt�etc�_̀abcde�hs�iadpecĵ�gsgpiiv�̀cnc̀̀cj�ea�ps�etc�sheĉ�pkj�etc��zkc̀xs�hkec̀cse�etc̀chk{|��~����hjckdc�an�etc��zkc̀xs�rhkpkdhpi��̀ p̀klcockes����������������� �¡�¢ ��£ ¤¥�� ������¦ �§̈ � �|��~�~}�_̀hà�ea�daoockdcocke�an�etc�©àŷ�pkj�gwak�z̀heeck�̀c�gcse�uv�etc��akèpdeà̂�etc��zkc̀�stpii�ng̀khst�ea�etc��akèpdeà�̀cpsakpuic�c�hjckdc�etpe�etc��zkc̀�tps�opjc�nhkpkdhpi�p̀̀pklcockes�ea�nginhii�etc��zkc̀xs�auihlpehaks�gkjc̀�etc��akèpde{��tc��akèpdeà�stpii�tp�c�ka�auihlpehak�ea�daoockdc�etc�©ày�gkehi�etc��zkc̀�ẁa�hjcs�sgdt�c�hjckdc{�mn�daoockdcocke�an�etc�©ày�hs�jcipvcj�gkjc̀�eths��cdehak�X{X{\̂�etc��akèpde��hoc�stpii�uc�c�eckjcj�pwẁaẁhpeciv{|��~�~��raiiazhkl�daoockdcocke�an�etc�©ày�pkj�gwak�z̀heeck�̀c�gcse�uv�etc��akèpdeà̂�etc��zkc̀�stpii�ng̀khst�ea�etc��akèpdeà�̀cpsakpuic�c�hjckdc�etpe�etc��zkc̀�tps�opjc�nhkpkdhpi�p̀̀pklcockes�ea�nginhii�etc��zkc̀xs�auihlpehaks�gkjc̀�etc��akèpde�akiv�hn�ª\«�etc��zkc̀�nphis�ea�opyc�wpvockes�ea�etc��akèpdeà�ps�etc��akèpde��adgockes�̀c�gh̀c¬�ªX«�etc��akèpdeà�hjckehnhcs�hk�z̀hehkl�p�̀cpsakpuic�dakdc̀k�̀clp̀jhkl�etc��zkc̀xs�puhihev�ea�opyc�wpvocke�ztck�jgc¬��à�ª]«�p�dtpklc�hk�etc�©ày�opec̀hpiiv�dtpklcs�etc��akèpde��go{�mn�etc��zkc̀�nphis�ea�ẁa�hjc�sgdt�c�hjckdĉ�ps�c̀�gh̀cĵ�zhethk�nag̀ecck�jpvs�an�etc��akèpdeàxs�̀c�gcsê�etc��akèpdeà�opv�hoocjhpeciv�seaw�etc�©ày�pkĵ�hk�etpe�c�ckê�stpii�kaehnv�etc��zkc̀�etpe�etc�©ày�tps�seawwcj{�azc�c̀̂�hn�etc�̀c�gcse�hs�opjc�ucdpgsc�p�dtpklc�hk�etc�©ày�opec̀hpiiv�dtpklcs�etc��akèpde��go�gkjc̀�ª]«�pua�ĉ�etc��akèpdeà�opv�hoocjhpeciv�seaw�akiv�etpe�wàehak�an�etc�©ày�pnncdecj�uv�etc�dtpklc�gkehi�̀cpsakpuic�c�hjckdc�hs�ẁa�hjcj{�mn�etc�©ày�hs�seawwcj�gkjc̀�eths��cdehak�X{X{X̂�etc��akèpde��hoc�stpii�uc�c�eckjcj�pwẁaẁhpeciv�pkj�etc��akèpde��go�stpii�uc�hkd̀cpscj�uv�etc�poagke�an�etc��akèpdeàxs�̀cpsakpuic�dases�an�stgejazk̂�jcipv�pkj�sep̀e®gŵ�wigs�hkec̀cse�ps�ẁa�hjcj�hk�etc��akèpde��adgockes{��dcwe�nà�wc̀ohes�pkj�nccs�etpe�p̀c�etc�̀cswakshuhihev�an�etc��akèpdeà�gkjc̀�etc��akèpde��adgockeŝ�hkdigjhkl�etasc�̀c�gh̀cj�gkjc̀��cdehak�]{̄{\̂�etc��zkc̀�stpii�scdg̀c�pkj�wpv�nà�kcdcssp̀v�pwẁa�piŝ�cpscockeŝ�psscssockes�pkj�dtp̀lcs�̀c�gh̀cj�nà�daksègdehak̂�gsc�à�addgwpkdv�an�wc̀opkcke�sègdeg̀cs�à�nà�wc̀opkcke�dtpklcs�hk�c�hsehkl�npdhihehcs{�°kicss�aetc̀zhsc�ẁa�hjcj�gkjc̀�etc��akèpde��adgockeŝ�etc��zkc̀̂�et̀aglt�etc��aksègdehak�qpkplc̀̂�stpii�scdg̀c�pkj�wpv�nà�etc�ughijhkl�wc̀ohe{|��~�~±��nec̀�etc��zkc̀�ng̀khstcs�c�hjckdc�an�nhkpkdhpi�p̀̀pklcockes�gkjc̀�eths��cdehak�X{X̂�etc��zkc̀�stpii�kae�opec̀hpiiv��p̀v�sgdt�nhkpkdhpi�p̀̀pklcockes�zhetage�ẁhà�kaehdc�ea�etc��akèpdeà{�tc��zkc̀�stpii�ng̀khst̂�gwak�c̀�gcse�akiv�pkj�ps�kcdcssp̀v�ea�daowicec�eths�zàŷ�sg̀�cvs�jcsd̀huhkl�wtvshdpi�dtp̀pdec̀hsehdŝ�iclpi�ihohepehaks�pkj�gehihev�iadpehaks�nà�etc�shec�an�etc�_̀abcdê�pkj�p�iclpi�jcsd̀hwehak�an�etc�shec{��tc��akèpdeà�stpii�uc�ckeheicj�ea�̀civ�ak�etc�pddg̀pdv�an�hknàopehak�ng̀khstcj�uv�etc��zkc̀�uge�stpii�c�c̀dhsc�ẁawc̀�ẁcdpgehaks�̀cipehkl�ea�etc�spnc�wc̀nàopkdc�an�etc�©ày{
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V�WXWXY�Z[\]\�̂[\�_̀ a\]�[bc�d\cefab̂\d�eagh]ib̂eha�gj]aec[\d�jad\]�̂[ec�k\l̂eha�mnm�bc�olhaged\âebpqo�̂[\�rhâ]bl̂h]�c[bpp�s\\t�̂[\�eagh]ib̂eha�lhaged\âebp�bad�c[bpp�aĥ�declphc\�ê�̂h�bau�ĥ[\]�t\]chan�vh̀\w\]q�̂[\�rhâ]bl̂h]�ibu�declphc\�olhaged\âebpo�eagh]ib̂ehaq�bĝ\]�c\w\a�xyz�dbuc{�aĥel\�̂h�̂[\�_̀ a\]q�̀[\]\�declphcj]\�ec�]\|je]\d�}u�pb̀q�ealpjdeaf�b�cj}th\ab�h]�ĥ[\]�gh]i�hg�lhitjpch]u�p\fbp�t]hl\cc�eccj\d�}u�b�lhj]̂�h]�fhw\]ai\âbp�\âêuq�h]�}u�lhj]̂�h]�b]}ê]b̂h]xcz�h]d\]n�~[\�rhâ]bl̂h]�ibu�bpch�declphc\�olhaged\âebpo�eagh]ib̂eha�̂h�êc�\itphu\\cq�lhacjp̂bâcq�cj]\̂e\cq�kj}lhâ]bl̂h]c�bad�̂[\e]�\itphu\\cq�kj}�cj}lhâ]bl̂h]cq�bad�ĥ[\]c�̀[h�a\\d�̂h�sah̀ �̂[\�lhâ\â�hg�cjl[�eagh]ib̂eha�chp\pu�bad�\�lpjcew\pu�gh]�̂[\��]h�\l̂�bad�̀[h�bf]\\�̂h�ibeâbea�̂[\�lhaged\âebpêu�hg�cjl[�eagh]ib̂ehan~[\�_̀ a\]�c[bpp�gj]aec[�eagh]ib̂eha�h]�c\]wel\c�]\|je]\d�hg�̂[\�_̀ a\]�}u�̂[\�rhâ]bl̂��hlji\âc�̀ê[�]\bchab}p\�t]hit̂a\ccn�~[\�_̀ a\]�c[bpp�bpch�gj]aec[�bau�ĥ[\]�eagh]ib̂eha�h]�c\]wel\c�jad\]�̂[\�_̀ a\]{c�lhâ]hp�bad�]\p\wbâ�̂h�̂[\�rhâ]bl̂h]{c�t\]gh]ibal\�hg�̂[\�Zh]s�̀ê[�]\bchab}p\�t]hit̂a\cc�bĝ\]�]\l\eweaf�̂[\�rhâ]bl̂h]{c�]̀ê̂\a�]\|j\ĉ�gh]�cjl[�eagh]ib̂eha�h]�c\]wel\cn��������~[\�_̀ a\]�c[bpp�gj]aec[�̂[\�rhâ]bl̂h]�m�lhte\c�hg�̂[\�rhâ]bl̂��hlji\âcq�ealpjdeaf�ha\�c\̂�̂h�}\�jc\d�gh]�[̂\��]h�\l̂��\lh]d��]b̀eafcn�~[\�rhâ]bl̂h]�ibu�tj]l[bc\�bddêehabp�lhte\c�b̂�̂[\�lhĉ�hg�]\t]hdjl̂ehaq�thĉbf\�bad�[badpeafnV�WXWX��~[\�_̀ a\]�c[bpp�\ad\bwh]�̂h�gh]̀b]d�bpp�lhiijaelb̂ehac�̂h�̂[\�rhâ]bl̂h]�̂[]hjf[�̂[\�rhaĉ]jl̂eha��babf\]�bad�c[bpp�lhâ\ith]ba\hjcpu�t]hwed\�̂[\�cbi\�lhiijaelb̂ehac�̂h�̂[\��]l[ê\l̂�b}hĵ�ib̂̂\]c�b]eceaf�hĵ�hg�h]�]\pb̂eaf�̂h�̂[\�rhâ]bl̂��hlji\âcnV�WX���agh]ib̂eha�bad�k\]wel\c��\|je]\d�hg�̂[\�_̀ a\]�������������������������������g�̂[\�rhâ]bl̂h]�gbepc�̂h�lh]]\l̂�Zh]s�̂[b̂�ec�aĥ�ea�bllh]dbal\�̀ê[�̂[\�]\|je]\i\âc�hg�̂[\�rhâ]bl̂��hlji\âc�bc�]\|je]\d�}u�k\l̂eha��mnm�h]�]\t\b̂\dpu�gbepc�̂h�lb]]u�hĵ�Zh]s�ea�bllh]dbal\�̀ê[�̂[\�rhâ]bl̂��hlji\âcq�̂[\�_̀ a\]�ibu�eccj\�b�̀]ê̂\a�h]d\]�̂h�̂[\�rhâ]bl̂h]�̂h�ĉht�̂[\�Zh]sq�h]�bau�th]̂eha�̂[\]\hgq�jâep�̂[\�lbjc\�gh]�cjl[�h]d\]�[bc�}\\a�\peieab̂\d �[h̀\w\]q�̂[\�]ef[̂�hg�̂[\�_̀ a\]�̂h�ĉht�̂[\�Zh]s�c[bpp�aĥ�few\�]ec\�̂h�b�dĵu�ha�̂[\�tb]̂�hg�̂[\�_̀ a\]�ĥ�\�\]lec\�̂[ec�]ef[̂�gh]�̂[\�}\a\gê�hg�̂[\�rhâ]bl̂h]�h]�bau�ĥ[\]�t\]cha�h]�\âêuq�\�l\t̂�̂h�̂[\�\�̂\â�]\|je]\d�}u�k\l̂eha�¡n�n¢nV�WX�X£�¤�l\t̂�gh]�t\]iêc�bad�g\\c�̂[b̂�b]\�̂[\�]\cthace}epêu�hg�̂[\�rhâ]bl̂h]�jad\]�̂[\�rhâ]bl̂��hlji\âcq�ealpjdeaf�̂[hc\�]\|je]\d�jad\]�k\l̂eha�¢nyn�q�̂[\�_̀ a\]�c[bpp�c\lj]\�bad�tbu�gh]�a\l\ccb]u�btt]hwbpcq�\bc\i\âcq�bcc\cci\âc�bad�l[b]f\c�]\|je]\d�gh]�lhaĉ]jl̂ehaq�jc\�h]�hlljtbalu�hg�t\]iba\â�ĉ]jl̂j]\c�h]�gh]�t\]iba\â�l[baf\c�ea�\�eĉeaf�gblepêe\cn�¥ap\cc�ĥ[\]̀ec\�t]hwed\d�jad\]�̂[\�rhâ]bl̂��hlji\âcq�̂[\�_̀ a\]q�bcceĉ\d�}u�̂[\�rhaĉ]jl̂eha��babf\]q�c[bpp�c\lj]\�bad�tbu�gh]�̂[\�}jepdeaf�t\]iênV�WX�XW�~[\�_̀ a\]�c[bpp�]\̂bea�ba�b]l[ê\l̂�pb̀gjppu�pel\ac\d�̂h�t]bl̂el\�b]l[ê\l̂j]\q�h]�ba�\âêu�pb̀gjppu�t]bl̂eleaf�b]l[ê\l̂j]\q�ea�̂[\��j]ecdel̂eha�̀[\]\�̂[\��]h�\l̂�ec�phlb̂\dn�~[b̂�t\]cha�h]�\âêu�ec�ed\âege\d�bc�̂[\��]l[ê\l̂�ea�̂[\��f]\\i\â�bad�ec�]\g\]]\d�̂h�̂[]hjf[hĵ�̂[\�rhâ]bl̂��hlji\âc�bc�eg�ceafjpb]�ea�aji}\]nV�WX�X��~[\�_̀ a\]�c[bpp�]\̂bea�b�lhaĉ]jl̂eha�ibabf\]�bdwec\]�pb̀gjppu�t]bl̂eleaf�lhaĉ]jl̂eha�ibabf\i\â�ea�̂[\��j]ecdel̂eha�̀[\]\�̂[\��]h�\l̂�ec�phlb̂\dn�~[b̂�t\]cha�h]�\âêu�ec�ed\âege\d�bc�̂[\�rhaĉ]jl̂eha��babf\]�ea�̂[\��f]\\i\â�bad�ec�]\g\]]\d�̂h�̂[]hjf[hĵ�̂[\�rhâ]bl̂��hlji\âc�bc�eg�ceafjpb]�ea�aji}\]nV�WX�XY��g�̂[\�\itphui\â�hg�̂[\�rhaĉ]jl̂eha��babf\]�h]��]l[ê\l̂�̂\]ieab̂\cq�̂[\�_̀ a\]�c[bpp�\itphu�b�cjll\cch]�lhaĉ]jl̂eha�ibabf\]�h]�b]l[ê\l̂�̂h�̀[hi�̂[\�rhâ]bl̂h]�[bc�ah�]\bchab}p\�h}�\l̂eha�bad�̀[hc\�ĉb̂jc�jad\]�̂[\�rhâ]bl̂��hlji\âc�c[bpp�}\�̂[b̂�hg�̂[\�rhaĉ]jl̂eha��babf\]�h]��]l[ê\l̂q�]\ct\l̂ew\punV�WX�X¦�~[\�_̀ a\]�c[bpp�gj]aec[�cj]w\uc�d\cl]e}eaf�t[ucelbp�l[b]bl̂\]eĉelcq�p\fbp�peiêb̂ehac�bad�ĵepêu�phlb̂ehac�gh]�̂[\�cê\�hg�̂[\��]h�\l̂q�bad�b�p\fbp�d\cl]et̂eha�hg�̂[\�cê\n�~[\�rhâ]bl̂h]�c[bpp�}\�\âêp\d�̂h�]\pu�ha�̂[\�bllj]blu�hg�eagh]ib̂eha�gj]aec[\d�}u�̂[\�_̀ a\]�}ĵ�c[bpp�\�\]lec\�t]ht\]�t]\lbĵehac�]\pb̂eaf�̂h�̂[\�cbg\�t\]gh]ibal\�hg�̂[\�Zh]snV�WX�X��~[\�_̀ a\]�c[bpp�gj]aec[�eagh]ib̂eha�h]�c\]wel\c�]\|je]\d�hg�̂[\�_̀ a\]�}u�̂[\�rhâ]bl̂��hlji\âc�̀ê[�]\bchab}p\�t]hit̂a\ccn�~[\�_̀ a\]�c[bpp�bpch�gj]aec[�bau�ĥ[\]�eagh]ib̂eha�h]�c\]wel\c�jad\]�̂[\�_̀ a\]{c�lhâ]hp�bad�]\p\wbâ�̂h�̂[\�rhâ]bl̂h]{c�t\]gh]ibal\�hg�̂[\�Zh]s�̀ê[�]\bchab}p\�t]hit̂a\cc�bĝ\]�]\l\eweaf�̂[\�rhâ]bl̂h]{c�]̀ê̂\a�]\|j\ĉ�gh]�cjl[�eagh]ib̂eha�h]�c\]wel\cnV�WX�X§�¥ap\cc�ĥ[\]̀ec\�t]hwed\d�ea�̂[\�rhâ]bl̂��hlji\âcq�̂[\�_̀ a\]�c[bpp�gj]aec[�̂h�̂[\�rhâ]bl̂h]�ha\�lhtu�hg�[̂\�rhâ]bl̂��hlji\âc�gh]�tj]thc\c�hg�ibseaf�]\t]hdjl̂ehac�tj]cjbâ�̂h�k\l̂eha��n̈nmn
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WXYZ[\�]̂[_̀a�bc�Ỳd]eỲf�gh�ij̀�kXŴiY]lieXW�m[W[_̀Y�XY�nYljeìlio�ij̀�kXWiY[liXY�̂j[\\�c]YWêj�̂[iêc[liXYh�̀pef̀Wl̀�[̂�iX�ij̀�qeWf�[Wf�d][\eih�Xc�Z[ìYe[\̂�[Wf�̀d]erZ̀Wias�tuvuw�xj̀�kXWiY[liXY�y[YY[Wî�iX�ij̀�zyẀYo�kXŴiY]lieXW�m[W[_̀Yo�[Wf�nYljeìli�ij[i�Z[ìYe[\̂�[Wf�̀d]erZ̀Wi�c]YWêj̀f�]Wf̀Y�ij̀�kXWiY[li�ye\\�g̀�Xc�_XXf�d][\eih�[Wf�Ẁy�]W\̀̂ �̂ij̀�kXWiY[li�{Xl]Z̀Wî�Ỳd]eỲ�XY�r̀YZei�Xij̀Yyềa�xj̀�kXWiY[liXY�c]Yij̀Y�y[YY[Wî�ij[i�ij̀�|XYq�ye\\�lXWcXYZ�iX�ij̀�Ỳd]eỲZ̀Wî�Xc�ij̀�kXWiY[li�{Xl]Z̀Wî�[Wf�ye\\�g̀�cỲ̀�cYXZ�f̀c̀lîo�̀}l̀ri�cXY�ijX̂ �̀eWj̀ỲWi�eW�ij̀�d][\eih�Xc�ij̀�|XYq�ij̀�kXWiY[li�{Xl]Z̀Wî�Ỳd]eỲ�XY�r̀YZeia�|XYqo�Z[ìYe[\̂o�XY�̀d]erZ̀Wi�WXi�lXWcXYZeW_�iX�ij̀^̀�Ỳd]eỲZ̀Wî�Z[h�g̀�lXŴef̀Ỳf�f̀c̀liep̀a�xj̀�kXWiY[liXY~̂�y[YY[Wih�̀}l\]f̀ �̂ỲZ̀fh�cXY�f[Z[_̀�XY�f̀c̀li�l[]̂ f̀�gh�[g]̂ ò�[\ìY[ieXŴ�iX�ij̀�|XYq�WXi�̀}̀l]ìf�gh�ij̀�kXWiY[liXYo�eZrYXr̀Y�XY�eŴ]ccelèWi�Z[eWìW[Wl̀o�eZrYXr̀Y�Xr̀Y[ieXWo�XY�WXYZ[\�ỳ[Y�[Wf�ì[Y�[Wf�WXYZ[\�]̂[_̀a�bc�Ỳd]eỲf�gh�ij̀�kXŴiY]lieXW�m[W[_̀Y�XY�nYljeìlio�ij̀�kXWiY[liXY�̂j[\\�c]YWêj�̂[iêc[liXYh�̀pef̀Wl̀�[̂�iX�ij̀�qeWf�[Wf�d][\eih�Xc�Z[ìYe[\̂�[Wf�̀d]erZ̀Wias�tuvu��n\\�Z[ìYe[\o�̀d]erZ̀Wio�XY�Xij̀Y�̂r̀le[\�y[YY[Wiè̂�Ỳd]eỲf�gh�ij̀�kXWiY[li�{Xl]Z̀Wî�̂j[\\�g̀�ê̂]̀f�eW�ij̀�W[Z̀�Xc�ij̀�zyẀYo�XY�̂j[\\�g̀�iY[Ŵc̀Y[g\̀�iX�ij̀�zyẀYo�[Wf�̂j[\\�lXZZ̀Wl̀�eW�[llXYf[Wl̀�yeij��̀lieXW��a�a�a�����w�xj̀�zyẀY�ê�̀}̀Zri�cYXZ�r[hZ̀Wi�Xc��̀f̀Y[\o��i[ìo�\Xl[\�i[}̀ ô�[Wf�cYXZ�r[hZ̀Wi�Xc�̂[\̀̂�[Wf�lXZr̀Ŵ[ieW_�]̂ �̀i[}̀ �̂Xc�ij̀��i[ì�Xc��̀y��XYq�[Wf�Xc�leiè̂�[Wf�lX]Wiè̂�XW�[\\�Z[ìYe[\̂�[Wf�̂]rr\è̂�̂X\f�iX�ij̀�zyẀY�r]Ŷ][Wi�iX�ij̀�rYXpêeXŴ�Xc�ijê�kXWiY[lia�xj̀^̀�i[}̀ �̂[Ỳ�WXi�iX�g̀�eWl\]f̀f�eW�gef̂a�xjê�̀}̀ZrieXW�fX̀ �̂WXio�jXỳp̀Yo�[rr\h�iX�iXX\̂o�Z[ljeẀYho�̀d]erZ̀Wio�XY�Xij̀Y�rYXr̀Yih�\̀[̂̀ f�gho�XY�iX�ij̀�kXWiY[liXY�XY�[�̂]glXWiY[liXY��[Wf�ij̀�kXWiY[liXY�[Wf�eî�̂]glXWiY[liXY�̂j[\\�g̀�Ỳ̂rXŴeg\̀�cXYo�[Wf�r[ho�[Wh�[Wf�[\\�[rr\el[g\̀�i[}̀ ô�eWl\]feW_�̂[\̀̂�[Wf�lXZr̀Ŵ[ieW_�]̂ �̀i[}̀ ô�XW�̂]lj�\̀[̂̀ f�iXX\̂o�Z[ljeẀYho�̀d]erZ̀Wi�XY�Xij̀Y�rYXr̀Yihas�tu�uw��W\̀̂ �̂Xij̀Yyề�rYXpef̀f�eW�ij̀�kXWiY[li�{Xl]Z̀Wîo�ij̀�zyẀYo�[̂̂ êìf�gh�ij̀�kXŴiY]lieXW�m[W[_̀Yo�̂j[\\�^̀l]Ỳ�[Wf�r[h�cXY�ij̀�g]e\feW_�r̀YZeia�xj̀�kXWiY[liXY�̂j[\\�̂̀l]Ỳ�[Wf�r[h�cXY�Xij̀Y�r̀YZeîo�c̀̀ ô�\el̀Ŵ`̂o�\el̀Ŵ`̂�[Wf�eŴr̀lieXŴ�gh�_Xp̀YWZ̀Wi�[_̀Wlè̂�Ẁl̀^̂[Yh�cXY�rYXr̀Y�̀}̀l]ieXW�[Wf�lXZr\̀ieXW�Xc�ij̀�|XYq�ij[i�[Ỳ�l]̂iXZ[Ye\h�̂̀l]Ỳf�[cìY�̀}̀l]ieXW�Xc�ij̀�kXWiY[li�[Wf�\̀_[\\h�Ỳd]eỲf�[i�ij̀�ieZ̀�gef̂�[Ỳ�Ỳl̀ep̀f�XY�Ẁ_Xie[ieXŴ�lXWl\]f̀fa����������xj̀�zyẀY�̂j[\\�̂̀l]Ỳ�ij̀�g]e\feW_�r̀YZei�cYXZ�ij̀��̀y��XYq��i[ì��f]l[ieXW�{̀r[YiZ̀Wia�����������bW�[llXYf[Wl̀��̀y��XYq��i[ì��[gXY��[y�nYiel\̀��o��̀lieXW����o�̂]gfa���[�[�o�ij̀�kXWiY[liXY�̂j[\\�̂]gZei�iX�ij̀�zyẀY�yeijeW����f[ĥ�[cìY�ê̂][Wl̀�Xc�kXWiY[liXY~̂�ceŶi�r[hYX\\o�[Wf�̀p̀Yh����f[ĥ�ij̀Ỳ[cìYo�[�iY[ŴlYeri�Xc�ij̀�XYe_eW[\�r[hYX\\�ỲlXYfo�̂]ĝlYeg̀f�[Wf�[cceYZ̀f�[̂�iY]̀�]Wf̀Y�ij̀�r̀W[\iè̂�Xc�r̀Y�]Yha����������xj̀�kXWiY[liXY�̂j[\\�lXZr\h�yeij�[\\�[rr\el[g\̀��̀y��XYq��i[ì�{̀r[YiZ̀Wi�Xc��[gXY�Ỳd]eỲZ̀Wîo�eWl\]feW_�ij̀�rYXpêeXW�ij[i�̀p̀Yh�yXYq̀Y�̀Zr\Xh̀f�eW�r̀YcXYZ[Wl̀�Xc�[�r]g\el�yXYq�lXWiY[li�̂j[\\�g̀�l̀Yiecèf�[̂�j[peW_�lXZr\̀ìf�[W�z��n����jX]Y�̂[c̀ih�iY[eWeW_�lX]Ŷ̀a�xj̀�kXWiY[liXY�[Wf�̂]glXWiY[liXY�̂j[\\�g̀�̂X\̀\h�Ỳ̂rXŴeg\̀�cXY�lXZr\e[Wl̀�yeij�ijê�Ỳd]eỲZ̀Wi�yeij�Ỳ̂r̀li�iX�ij̀eY�̀Zr\Xh̀`̂a�xj̀�kXWiY[liXY~̂�XY�̂]glXWiY[liXY~̂�c[e\]Ỳ�iX�lXZr\h�yeij�ijê�Ỳd]eỲZ̀Wi�̂j[\\�WXi�iY[Ŵc̀Y�XY�eW�[Wh�y[h�eZrX̂ �̀ij̀�Ỳ̂rXŴege\eih�cXY�yXYq̀Y�̂[c̀ih�]rXW�ij̀�zyẀY�XY�ij̀�nYljeìlias�tu�ut�bc�ij̀�kXWiY[liXY�XY�[Wh�Xc�eî��]glXWiY[liXŶ�r̀YcXYẐ�|XYq�qWXyeW_�ei�iX�g̀�lXWiY[Yh�iX�[rr\el[g\̀�\[ŷo�î[i]ì̂o�XYfeW[Wl̀ ô�lXf̀ ô�Y]\̀̂�[Wf�Ỳ_]\[ieXŴo�XY�\[yc]\�XYf̀Ŷ�Xc�r]g\el�[]ijXYeiè̂o�ij̀�kXWiY[liXY�̂j[\\�[̂̂]Z̀�[rrYXrYe[ì�Ỳ̂rXŴege\eih�cXY�̂]lj�|XYq�[Wf�̂j[\\�g̀[Y�ij̀�lX̂î�[iiYeg]i[g\̀�iX�lXYỲlieXWas�tu�u �¡¢£¤¥¦§¥̈�¢©�ª£«£¢¬£�¡¢£̈®¢£̄u�bc�ij̀�kXWiY[liXY�̀WlX]WìŶ�lXWfeieXŴ�[i�ij̀�̂eì�ij[i�[Ỳ�����̂]ĝ]Yc[l̀�XY�Xij̀Yyề�lXWl̀[\̀f�rjĥel[\�lXWfeieXŴ�ij[i�fecc̀Y�Z[ìYe[\\h�cYXZ�ijX̂ �̀eWfel[ìf�eW�ij̀�kXWiY[li�{Xl]Z̀Wî�XY�����]WqWXyW�����]WqWXyW�rjĥel[\�lXWfeieXŴ�Xc�[W�]W]̂][\�W[i]Ỳ�ij[i�fecc̀Y�Z[ìYe[\\h�cYXZ�ijX̂ �̀XYfeW[Ye\h�cX]Wf�iX�̀}êi�[Wf�_̀ẀY[\\h�ỲlX_We°̀f�[̂�eWj̀ỲWi�eW�lXŴiY]lieXW�[liepeiè̂�Xc�ij̀�lj[Y[lìY�rYXpef̀f�cXY�eW�ij̀�kXWiY[li�{Xl]Z̀Wîo�ij̀�kXWiY[liXY�̂j[\\�rYXZri\h�rYXpef̀�WXiel̀�eW�yYeieW_�iX�ij̀�zyẀYo�kXŴiY]lieXW�m[W[_̀Yo�[Wf�ij̀�nYljeìli�g̀cXỲ�lXWfeieXŴ�[Ỳ�fêi]Yg̀f�[Wf�eW�WX�̀p̀Wi�\[ìY�ij[W������f[ĥ�[cìY�ceŶi�Xĝ Ỳp[Wl̀�Xc�ij̀�lXWfeieXŴa�xj̀�nYljeìli�[Wf�kXŴiY]lieXW�m[W[_̀Y�ye\\�rYXZri\h�eWp̀ îe_[ì�̂]lj�lXWfeieXŴ�[Wfo�ec�ij̀�nYljeìlio�eW�
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WXYZ[\]̂]_XY�̀_]a�]ab�cXYZ]d[W]_XY�e Ŷ̂fbdg�hb]bdi_YbZ�]â]�]abj�h_kkbd�î]bd_̂\\j�̂Yh�Ŵ[Zb�̂Y�_YWdb̂Zb�Xd�hbWdb̂Zb�_Y�]ab�cXY]d̂W]XdlZ�WXZ]�Xkg�Xd�]_ib�dbm[_dbh�kXdg�nbdkXdîYWb�Xk�̂Yj�n̂d]�Xk�]ab�oXdpg�̀_\\�dbWXiibYh�]â]�̂Y�bm[_]̂q\b�̂hr[Z]ibY]�qb�îhb�_Y�]ab�cXY]d̂W]�s[i�Xd�cXY]d̂W]�t_ibg�Xd�qX]au�vk�]ab�wdWa_]bW]g�_Y�WXYZ[\]̂]_XY�̀_]a�]ab�cXYZ]d[W]_XY�e Ŷ̂fbdg�hb]bdi_YbZ�]â]�]ab�WXYh_]_XYZ�̂]�]ab�Z_]b�̂db�YX]�î]bd_̂\\j�h_kkbdbY]�kdXi�]aXZb�_Yh_Ŵ]bh�_Y�]ab�cXY]d̂W]�xXW[ibY]Z�̂Yh�]â]�YX�WâYfb�_Y�]ab�]bdiZ�Xk�]ab�cXY]d̂W]�_Z�r[Z]_k_bhg�]ab�wdWa_]bW]�Zâ\\�ndXin]\j�YX]_kj�]ab�ỳ Ybdg�cXYZ]d[W]_XY�e Ŷ̂fbdg�̂Yh�cXY]d̂W]Xdg�cXY]d̂W]Xd�_Y�̀d_]_Yfg�Z]̂]_Yf�]ab�db̂ZXYZu�vk�]ab�ỳ Ybd�Xd�cXY]d̂W]Xd�h_Zn[]bZ�]ab�wdWa_]bW]lZ�hb]bdi_Ŷ]_XY�Xd�dbWXiibYĥ]_XYg�b_]abd�n̂d]j�îj�Z[qi_]�̂�c\̂_i�ndXWbbh�̂Z�ndXz_hbh�_Y�wd]_W\b�{|u}~������� \̂\X̀ ŶWbZ�w\\X̀ ŶWbZ�Zâ\\�WXzbd�]ab�WXZ]�]X�]ab�cXY]d̂W]Xd�̂Yh�s[qWXY]d̂W]XdZ�Xk�î]bd_̂\Z�̂Yh�bm[_nibY]�hb\_zbdbh�̂]�]ab�Z_]b�̂Yh�̂\\�dbm[_dbh�]̂�bZg�\bZZ�̂nn\_Ŵq\b�]d̂hb�h_ZWX[Y]Z��� cXY]d̂W]XdlZ�̂Yh�s[qWXY]d̂W]XdlZ�WXZ]Z�kXd�[Y\X̂h_Yf�̂Yh�âYh\_Yf�̂]�]ab�Z_]bg�\̂qXdg�_YZ]̂\\̂]_XY�WXZ]Zg�Xzbdab̂hg�ndXk_]g�ndXk_]�̂Yh�X]abd�b�nbYZbZ�WXY]bin\̂]bh�kXd�Z]̂]bh�̂\\X̀ ŶWb�̂iX[Y]Z�Zâ\\�qb�_YW\[hbh�_Y�]ab�cXY]d̂W]�s[i�q[]�YX]�_Y�]ab�̂\\X̀ ŶWbZ��̂Yh�� àbYbzbd�oabYbzbd�WXZ]Z�̂db�iXdb�]âY�Xd�\bZZ�]âY�̂\\X̀ ŶWbZg�]ab�cXY]d̂W]�s[i�Zâ\\�qb�̂hr[Z]bh�ŴWXdh_Yf\j�qj�câYfb�ydhbdu�tab�̂iX[Y]�Xk�]ab�câYfb�ydhbd�Zâ\\�dbk\bW]��{��]ab�h_kkbdbYWb�qb]̀bbY�Ŵ][̂\�WXZ]Z�̂Yh�]ab�̂\\X̀ ŶWbZ�[Yhbd�sbW]_XY��u�u�u{�̂Yh�����WâYfbZ�_Y�cXY]d̂W]XdlZ�WXZ]Z�[Yhbd�sbW]_XY��u�u�u�u��������������������hX�YX]�_YW\[hb�]ab�cXY]d̂W]XdlZ�Xzbdab̂h�̂Yh�ndXk_]g�_YW\[h_Yf�]ab�WXZ]Z�Xk�qXYhZg�_YZ[d̂YWbg�̂hi_Y_Z]d̂]_XY�̂Yh�Z[nbdz_Z_XYg�̀a_Wa�WXZ]Z�ZaX[\h�qb�Ŵdd_bh�̂Z�n̂d]�Xk�]ab�cXY]d̂W]�s[iu����������bkbd�]X�x_z_Z_XY��{�sbW]_XY��w\\X̀ ŶWbZ��kXd�̂hh_]_XŶ\�_YkXdî]_XYu ���¡���tab�cXY]d̂W]Xd�Zâ\\�bin\Xj�̂�WXinb]bY]�Z[nbd_Y]bYhbY]�̂Yh�YbWbZẐdj�̂ZZ_Z]̂Y]Z�̀aX�Zâ\\�qb�_Y�̂]]bYĥYWb�̂]�]ab�¢dXrbW]�Z_]b�k[\\�]_ib�h[d_Yf�nbdkXdîYWb�Xk�]ab�oXdpu�tab�s[nbd_Y]bYhbY]�Zâ\\�qb�]ab�Ẑib�_Yh_z_h[̂\�]adX[faX[]�]ab�h[d̂]_XY�Xk�]ab�¢dXrbW]�[Y\bZZ�]ab�ỳ Ybd�WXYZbY]Z�]X�̂�WâYfbu�tab�Z[nbd_Y]bYhbY]�Zâ\\�dbndbZbY]�]ab�cXY]d̂W]Xdg�Ŷh�WXii[Y_Ŵ]_XYZ�f_zbY�]X�]ab�Z[nbd_Y]bYhbY]�Zâ\\�qb�̂Z�q_Yh_Yf�̂Z�_k�f_zbY�]X�]ab�cXY]d̂W]Xdu� ���¡���tab�cXY]d̂W]Xdg�̂Z�ZXXY�̂Z�nd̂W]_Ŵq\b�̂k]bd�̂̀ d̂h�Xk�]ab�cXY]d̂W]g�Zâ\\�YX]_kj�k[dY_Za�_Y�̀d_]_Yf�]X�]ab�ỳ Ybd�Ŷh�wdWa_]bW]g�wdWa_]bW]�]adX[fa�]ab�cXYZ]d[W]_XY�e Ŷ̂fbdg�Xk�]ab�Ŷib�̂Yh�m[̂\_k_Ŵ]_XYZ�Xk�̂�ndXnXZbh�Z[nbd_Y]bYhbY]u�o_]a_Y�{£�ĥjZ�Xk�dbWb_n]�Xk�]ab�_YkXdî]_XYg�]ab�cXYZ]d[W]_XY�e Ŷ̂fbd�îj�YX]_kj�]ab�cXY]d̂W]Xdg�Z]̂]_Yf�tab�cXYZ]d[W]_XY�e Ŷ̂fbd�îj�dbn\j�̀_]a_Y�{£�ĥjZ�]X�]ab�cXY]d̂W]Xd�_Y�̀d_]_Yf�Z]̂]_Yf��{��̀ab]abd�]ab�ỳ Ybdg�]ab�cXYZ]d[W]_XY�e Ŷ̂fbdg�Xd�]ab�wdWa_]bW]��{��âZ�db̂ZXŶq\b�XqrbW]_XY�]X�]ab�ndXnXZbh�Z[nbd_Y]bYhbY]�Xd�����]â]�̂Yj�Xk�]abi�dbm[_db�̂hh_]_XŶ\�]_ib�kXd�]X�dbz_b̀u�¤̂_\[db�Xk�]ab�cXYZ]d[W]_XY�e Ŷ̂fbd�]X�ndXz_hb�YX]_Wb�̀_]a_Y�]ab�{£¥ĥj�dbn\j�̀_]a_Y�]ab�{£�ĥj�nbd_Xh�Zâ\\�WXYZ]_][]b�YX]_Wb�Xk�YX�db̂ZXŶq\b�XqrbW]_XYu ���¡���tab�cXY]d̂W]Xd�Zâ\\�YX]�bin\Xj�̂�ndXnXZbh�Z[nbd_Y]bYhbY]�]X�̀aXi�]ab�ỳ Ybdg�cXYZ]d[W]_XY�e Ŷ̂fbdg�e Ŷ̂fbd�Xd�wdWa_]bW]�âZ�îhb�db̂ZXŶq\b�̂Yh�]_ib\j�XqrbW]_XYu�tab�cXY]d̂W]Xd�Zâ\\�YX]�WâYfb�]ab�Z[nbd_Y]bYhbY]�_̀]aX[]�]ab�ỳ YbdlZ�WXYZbY]g�̀a_Wa�Zâ\\�YX]�[Ydb̂ZXŶq\j�qb�̀_]aab\h�Xd�hb\̂jbhu ����¦�cXY]d̂W]XdlZ�cXYZ]d[W]_XY�̂Yh�s[qi_]]̂\�sWabh[\bZ§̈©ª«¬ª̈«®̄�§̈©̄ª«°ª±̈©�²³́µ°¶́̄ ����¦���tab�cXY]d̂W]Xdg�ndXin]\j�̀_]a_Y�]bY��{���q[Z_YbZZ�ĥjZ�̂k]bd�qb_Yf�̂̀ d̂hbh�]ab�cXY]d̂W]g�Zâ\\�ndbn̂db�̂Yh�Z[qi_]�kXd�]ab�ỳ YbdlZ�̂Yh�wdWa_]bW]lZ�_YkXdî]_XYg�_YkXdî]_XY�̂Yh�]ab�cXYZ]d[W]_XY�e Ŷ̂fbdlZ�[Zb�_Y�hbzb\Xn_Yf�]ab�¢dXrbW]�ZWabh[\bg�̂nndXẑ\�̂�cXY]d̂W]XdlZ�WXYZ]d[W]_XY�ZWabh[\b�kXd�]ab�oXdpu�tab�ZWabh[\b�Zâ\\�WXY]̂_Y�hb]̂_\�n̂ndXnd_̂]b�kXd�]ab�¢dXrbW]g�_YW\[h_Yf��{��]ab�ĥ]b�Xk�WXiibYWbibY]�Xk�]ab�oXdpg�_Y]bd_i�ZWabh[\b�i_\bZ]XYb�ĥ]bZg�Ŷh�]ab�ĥ]b�Xk�s[qZ]̂Y]_̂\�cXin\b]_XY������̂Y�̂nnXd]_XYibY]�Xk�]ab�oXdp�qj�WXYZ]d[W]_XY�̂W]_z_]j��̂Yh�����]ab�]_ib�dbm[_dbh�kXd�WXin\b]_XY�Xk�b̂Wa�nXd]_XY�Xk�]ab�oXdpu�tab�ZWabh[\b�Zâ\\�ndXz_hb�kXd�]ab�Xdhbd\j�ndXfdbZZ_XY�Xk�]ab�oXdp�]X�WXin\b]_XY�̂Yh�Zâ\\�YX]�b�Wbbh�]_ib�\_i_]Z�W[ddbY]�[Yhbd�]ab�cXY]d̂W]�xXW[ibY]Zu�tab�ZWabh[\b�xXW[ibY]Zg�Zâ\\�qb�dbz_Zbh�̂]�̂nndXnd_̂]b�_Y]bdẑ\Z�̂Z�dbm[_dbh�qj�]ab�WXYh_]_XYZ�Xk�]ab�oXdp�̂Yh�¢dXrbW]u�̂Yh�¢dXrbW]g�Zâ\\�qb�db\̂]bh�]X�]ab�bY]_db�¢dXrbW]�ZWabh[\b�]X�]ab�b�]bY]�dbm[_dbh�qj�]ab�cXY]d̂W]�xXW[ibY]Zg�̂Yh�Zâ\\�ndXz_hb�kXd�b�nbh_]_X[Z�̂Yh�nd̂W]_Ŵq\b�b�bW[]_XY�Xk�]ab�oXdpu�tab�cXY]d̂W]Xd�Zâ\\�WXXnbd̂]b�̀_]a�]ab�cXYZ]d[W]_XY�e Ŷ̂fbd�_Y�ZWabh[\_Yf�̂Yh�nbdkXdi_Yf�]ab�cXY]d̂W]XdlZ�oXdp�]X�̂zX_h�WXYk\_W]�̀_]ag�̂Yh�̂Z�]X�Ŵ[Zb�YX�hb\̂j�_Yg�]ab�̀Xdp�Xd�Ŵ]_z_]_bZ�Xk�X]abd�cXY]d̂W]XdZg�e[\]_n\b�¢d_ib�cXY]d̂W]XdZ�Xd�]ab�WXYZ]d[W]_XY�Xd�Xnbd̂]_XYZ�Xk�]ab�ỳ YbdlZ�X̀Y�kXdWbZ�Xd�sbn̂d̂]b�cXY]d̂W]XdZukXdWbZu�
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W�XYZ[Y\�]̂_�̀abcdefcadg�hdaihcjk�̀abcdefcad�l̂ejj�hd_hed_�e�lmnioccej�lf̂_pmj_g�qoĉob�c_b�rstu�nmlob_ll�pekl�evc_d�n_obw�eqedp_p�ĉ_�̀abcdefc�ebp�ĉ_d_evc_d�mhpec_�oc�el�b_f_lledk�ca�ieobceob�e�fmdd_bc�lmnioccej�lf̂_pmj_g�ebp�l̂ejj�lmnioc�e�lmnioccej�lf̂_pmj_�ĉ_�lf̂_pmj_rlu�vad�ĉ_�̀ablcdmfcoab�xebew_dyl�ebp�zdf̂oc_fcyl�ehhda{ej|�]̂_�zdf̂oc_fc�ebp�̀ablcdmfcoab�xebew_dyl�ehhda{ej�l̂ejj�bac�mbd_elabenjk�n_�mbd_elabenjk�p_jek_p�ad�qoĉ̂ _jp|�]̂_�lmnioccej�lf̂_pmj_�l̂ejj�rsu�n_�faadpobec_p�qoĉ�ĉ_�̀abcdefcadyl�fablcdmfcoab�lf̂_pmj_g�ebp�r}u�ejjaq�ĉ_�̀ablcdmfcoab�xebew_d�ebp�zdf̂oc_fc�d_elabenj_�coi_�ca�d_{o_q�lmnioccejl|�~v�ĉ_�̀abcdefcad�veojl�ca�lmnioc�e�lmnioccej�lf̂_pmj_g�ad�veojl�ca�hda{op_�lmnioccejl�ob�effadpebf_�qoĉ�ĉ_�ehhda{_p�lmnioccej�lf̂_pmj_g�ĉ_�̀abcdefcad�l̂ejj�bac�n_�_bcocj_p�ca�ebk�obfd_el_�ob�̀abcdefc��mi�ad�_�c_bloab�av�̀abcdefc�]oi_�nel_p�ab�ĉ_�coi_�d_�mod_p�vad�d_{o_q�av�lmnioccejl|�]̂_�àbcdefcadyl�lmnioccej�lf̂_pmj_�l̂ejj�n_�ob�faihjoebf_�qoĉ�ĉ_�hda�_fc�iebmej�d_�mod_i_bcl�d_wedpobw�coi_job_l�vad�lmniolloab�av�lmnioccejl|W�XYZ[YX�]̂_�̀abcdefcad�l̂ejj�hedcofohec_�qoĉ�aĉ_d�̀abcdefcadlg�ĉ_�̀ablcdmfcoab�xebew_dg�ebp�ĉ_�xebew_d�ebp��qb_d�ob�d_{o_qobw�ebp�faadpobecobw�ejj�lf̂_pmj_l�vad�obfadhadecoab�obca�ĉ_��da�_fc�lf̂_pmj_�ĉec�ol�hd_hed_p�nk�ĉ_�àblcdmfcoab�xebew_d|�]̂_�̀abcdefcad�l̂ejj�ie�_�d_{oloabl�ca�ĉ_�fablcdmfcoab�lf̂_pmj_�ebp�lmnioccej�lf̂_pmj_�el�p__i_p�b_f_lledk�nk�ĉ_�̀ablcdmfcoab�xebew_d�ca�fabvadi�ca�ĉ_��da�_fc�lf̂_pmj_|�W�XYZ[Y��]̂_�̀abcdefcad�l̂ejj�h_dvadi�ĉ_��ad��ob�w_b_dej�effadpebf_�qoĉ�ĉ_�ialc�d_f_bc�lf̂_pmj_l�lmniocc_p�ca�ĉ_��qb_dg�̀ablcdmfcoab�xebew_dg�ebp�zdf̂oc_fcg�xebew_d�ebp�zdf̂oc_fc�ebp�obfadhadec_p�obca�ĉ_�ehhda{_p��da�_fc�lf̂_pmj_|�����Z�]̂_�̀abcdefcad�l̂ejj�ie�_�e{eojenj_g�ec�ĉ_��da�_fc�loc_g�ĉ_�̀abcdefc��afmi_bclg�obfjmpobw�̀ êbw_��dp_dlg�àblcdmfcoab�̀ êbw_��od_fco{_lg�ieobceob�ec�ĉ_�loc_�vad�ĉ_��qb_d�ab_�fahk�av�ĉ_��deqobwlg��h_fovofecoablg�zpp_bpeg�̀ êbw_��dp_dl�ebp�aĉ_d�xapovofecoablg�ob�waap�adp_d�ebp�ied�_p�fmdd_bcjk�ca�obpofec_�vo_jp�f̂ebw_l�ebp�l_j_fcoabl�iep_�pmdobw�fablcdmfcoabg�ebp�ĉ_�ehhda{_p��̂ah��deqobwlg��dapmfc��eceg��eihj_lg�ebp�loiojed�d_�mod_p�lmnioccejl|�]̂_l_�l̂ejj�n_�ob�_j_fcdabof�vadi�ad�heh_d�fahkg�e{eojenj_�ca�ĉ_�̀ablcdmfcoab�xebew_dg�zdf̂oc_fcg�ebp��qb_dg�ab_�fahk�av�ehhda{_p��̂ah��deqobwlg��dapmfc��eceg��eihj_l�ebp�loiojed�d_�mod_p�lmnioccejl|�]̂_l_�pafmi_bcl�l̂ejj�n_�e{eojenj_�ca�ĉ_�zdf̂oc_fc�ebp�p_jo{_d_p�ca�ĉ_�̀ablcdmfcoab�xebew_d�vad�lmnioccej�ca�ĉ_��qb_d�mhab�faihj_coab�av�ĉ_��ad��el�e�d_fadp�av�ĉ_��ad��el�fablcdmfc_p|W�XYZ\��̂ah��deqobwlg��dapmfc��eceg�ebp��eihj_l������������������������������������ ¡�W�XYZ\YZ��̂ah��deqobwl�ed_�pdeqobwlg�poewdeilg�lf̂_pmj_lg�lf̂_pmj_l�ebp�aĉ_d�pece�lh_foejjk�hd_hed_p�vad�ĉ_��ad��nk�ĉ_�̀abcdefcad�ad�e��mnfabcdefcadg��mn¢lmnfabcdefcadg�iebmvefcmd_dg�lmhhjo_dg�lmhhjo_d�ad�polcdonmcad�ca�ojjmlcdec_�lai_�hadcoab�av�ĉ_��ad�|W�XYZ\Y\��dapmfc��ece�ed_�ojjmlcdecoablg�lcebpedp�lf̂_pmj_lg�h_dvadiebf_�f̂edclg�oblcdmfcoablg�ndaf̂md_lg�poewdeilg�poewdeil�ebp�aĉ_d�obvadiecoab�vmdbol̂_p�nk�ĉ_�̀abcdefcad�ca�ojjmlcdec_�iec_doejl�ad�_�mohi_bc�vad�lai_�hadcoab�av�ĉ_��ad�|W�XYZ\YX��eihj_l�ed_�ĥklofej�_�eihj_l�ĉec�ojjmlcdec_�iec_doejlg�_�mohi_bcg�ad�qad�iebl̂ohg�_�mohi_bc�ad�qad�iebl̂oh�ebp�_lcenjol̂�lcebpedpl�nk�q̂of̂�ĉ_��ad��qojj�n_��mpw_p|W�XYZ\Y���̂ah��deqobwlg��dapmfc��eceg��eihj_lg��eihj_l�ebp�loiojed�lmnioccejl�ed_�bac�̀abcdefc��afmi_bcl|�]̂_od�hmdhal_�ol�ca�p_iablcdec_�̂aq�ĉ_�qek�nk�q̂of̂�ĉ_�̀abcdefcad�hdahal_l�ca�fabvadi�ca�ĉ_�obvadiecoab�wo{_b�ebp�ĉ_�p_lowb�fabf_hc�_�hd_ll_p�ob�ĉ_�̀abcdefc��afmi_bcl�vad�ĉal_�hadcoabl�av�ĉ_��ad��vad�q̂of̂�ĉ_�̀abcdefc��afmi_bcl�d_�mod_�lmnioccejl|�£_{o_q�nk�ĉ_�zdf̂oc_fc�ebp�̀ablcdmfcoab�xebew_d�ol�lmn�_fc�ca�ĉ_�joiocecoabl�av��_fcoabl�¤|}|st�ĉdamŵ�¤|}|s}|�¤|}|¥�ĉdamŵ�¤|}|ss|�~bvadiecoabej�lmnioccejl�mhab�q̂of̂�ĉ_�̀ablcdmfcoab�xebew_d�ebp�zdf̂oc_fc�ed_�bac�_�h_fc_p�ca�ce�_�d_lhablo{_�efcoab�iek�n_�la�op_bcovo_p�ob�ĉ_�̀abcdefc��afmi_bcl|��mnioccejl�ĉec�ed_�bac�d_�mod_p�nk�ĉ_�̀abcdefc��afmi_bcl�iek�n_�d_cmdb_p�nk�ĉ_�̀ablcdmfcoab�xebew_d�ad�zdf̂oc_fc�qoĉamc�efcoab|W�XYZ\Y¦�]̂_�̀abcdefcad�l̂ejj�d_{o_q�vad�faihjoebf_�qoĉ�ĉ_�̀abcdefc��afmi_bclg�ehhda{_g�ehhda{_�ebp�lmnioc�ca�ĉ_�àblcdmfcoab�xebew_dg�xebew_d��̂ah��deqobwlg��dapmfc��eceg��eihj_lg��eihj_l�ebp�loiojed�lmnioccejl�d_�mod_p�nk�ĉ_�̀abcdefc��afmi_bclg�ob�effadpebf_�qoĉ�ĉ_��da�_fc�lmnioccej�lf̂_pmj_�ehhda{_p�nk�ĉ_�̀ablcdmfcoab�xebew_d�ebp�zdf̂oc_fc�adg�ob�ĉ_�enl_bf_�av�eb�ehhda{_p��da�_fc�lmnioccej�lf̂_pmj_g��afmi_bcl�qoĉ�d_elabenj_�hdaihcb_ll�ebp�ob�lmf̂�l_�m_bf_�el�ca�feml_�ba�p_jek�ob�ĉ_��ad��ad�ob�ĉ_�efco{oco_l�av�aĉ_d�̀abcdefcadlg��_hedec_�̀abcdefcadlg�xmjcohj_��doi_�̀abcdefcadl�ad�ĉ_��qb_dyl�aqb�vadf_l|�]̂_�̀abcdefcad�l̂ejj�faah_dec_�qoĉ�ĉ_�̀ablcdmfcoab�xebew_d�
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V�WXYZX[�\]�̂_̀�abĉdef̂bd�]eghi�̂b�fh̀ec�jk�ei�kdblgm̀m�gc�̂_̀�abĉdef̂�nbfjò ĉip�nbfjò ĉi�meghqp�̂_̀�rsc̀dp�bd�abcîdjf̂gbc�teceùd�sĝ_�̂_̀�rsc̀dvi�ekkdblehp�oeq�mb�ib�ecm�̂_̀�rsc̀d�i_ehh�ẁ�̀ĉĝh̀m�̂b�d̀gowjdìò ĉ�]dbo�_̂̀�abĉdef̂bdxyz_̀�abĉdef̂bd�i_ehh�kdblgm̀�̂_̀�rsc̀dp�abcîdjf̂gbc�teceùdp�teceùd�ecm�{df_ĝ̀f̂�sĝ_�eff̀ii�̂b�̂_̀�|bd}�gc�kd̀kedêgbc�ecm�kdbud̀ii�s_̀d̀l̀d�hbfềmxyz_̀�abĉdef̂bd�i_ehh�keq�ehh�dbqeĥg̀i�ecm�hgf̀cì�]̀̀ix�z_̀�abĉdef̂bd�i_ehh�m̀]̀cm�ijĝi�bd�fhegoi�]bd�gc]dgcùò ĉ�b]�fbkqdgu_̂i�ecm�kềĉ�dgu_̂i�ecm�i_ehh�_bhm�̂_̀�rsc̀dp�abcîdjf̂gbc�teceùdp�teceùd�ecm�{df_ĝ̀f̂�_edoh̀ii�]dbo�hbii�bc�effbjĉ�̂_̀d̀b]p�wĵ�i_ehh�cb̂�ẁ�d̀ikbcigwh̀�]bd�ijf_�m̀]̀cì�bd�hbii�s_̀c�e�ked̂gfjhed�m̀igucp�kdbf̀iip�kdbf̀ii�bd�kdbmjf̂�b]�e�ked̂gfjhed�oecj]ef̂jd̀d�bd�oecj]ef̂jd̀di�gi�d̀~jgd̀m�wq�̂_̀�abĉdef̂�nbfjò ĉip�nbfjò ĉi�bd�s_̀d̀�_̂̀�fbkqdgu_̂�lgbhêgbci�ed̀�fbĉegc̀m�gc�ndesgcuip��k̀fg]gfêgbcip��k̀fg]gfêgbci�bd�b̂_̀d�mbfjò ĉi�kd̀ked̀m�wq�̂_̀�rsc̀dp�{df_ĝ̀f̂p�bd�abcîdjf̂gbc�teceùdx��bs̀l̀dp�g]�̂_̀�abĉdef̂bd�_ei�d̀eibc�̂b�ẁhg̀l̀�̂_ê�̂_̀�d̀~jgd̀m�m̀igucp�kdbf̀ii�bd�kdbmjf̂�gi�ec�gc]dgcùò ĉ�b]�e�fbkqdgu_̂�bd�kềĉ�gi�mgifbl̀d̀m�wqp�bd�oem̀�}cbsc�̂bp�̂_̀�abĉdef̂bdp�e�kềĉp�̂_̀�abĉdef̂bd�i_ehh�ẁ�d̀ikbcigwh̀�]bd�̂_̀�ijf_�hbii�jch̀ii�̂_̀�ijf_�gc]bdoêgbc�gi�kdbok̂hq�]jdcgi_̀m�̂b�̂_̀�{df_ĝ̀f̂�̂_dbju_�̂_̀�abcîdjf̂gbc�teceùdxyV�WXY�XY�zb�̂_̀�]jhh̀î�̀�̂̀ ĉ�k̀doĝ̀̂ m�wq�hesp�̂_̀�abĉdef̂bd�i_ehh�m̀]̀cmp�gcm̀ocg]q�ecm�_bhm�_edoh̀ii�̂_̀�rsc̀dp�abcîdjf̂gbc�teceùdp�{df_ĝ̀f̂p�abcîdjf̂gbc�teceùdvi�ecm�{df_ĝ̀f̂vi�fbcijĥeĉip�ecm�eùĉi�ecm�̀okhbq̀ ì�b]�ecq�b]�̂_̀o�]dbo�ecm�euegcî�fhegoip�meoeùip�hbiìip�hbiìi�ecm�̀�k̀cìip�gcfhjmgcu�wĵ�cb̂�hgoĝ̀m�̂b�ê̂bdc̀qiv�]̀̀ip�]̀̀i�ecm�hĝguêgbc�fbîip�edgigcu�bĵ�b]�bd�d̀ijĥgcu�]dbo�k̀d]bdoecf̀�b]�̂_̀�|bd}p�kdblgm̀m�̂_ê�ijf_�fhegop�meoeùp�hbiip�hbii�bd�̀�k̀cì�gi�ê̂dgwĵewh̀�̂b�wbmghq�gc�jdqp�igf}c̀iip�mgìeì�bd�m̀ê_p�bd�̂b�gc�jdq�̂b�bd�m̀îdjf̂gbc�b]�êcugwh̀�kdbk̀d̂q��b̂_̀d�̂_ec�̂_̀�|bd}�ĝìh]�p�ĝìh]��wĵ�bchq�̂b�̂_̀�̀�̂̀ ĉ�fejìm�wq�̂_̀�c̀uhgùĉ�ef̂i�bd�bogiigbci�b]�_̂̀�abĉdef̂bdp�e��jwfbĉdef̂bdp�ecqbc̀�mgd̀f̂hq�bd�gcmgd̀f̂hq�̀okhbq̀m�wq�̂_̀op�̂_̀o�bd�ecqbc̀�]bd�s_bì�ef̂i�̂_̀q�oeq�ẁ�hgewh̀p�d̀uedmh̀ii�b]�s_̀ _̂̀d�bd�cb̂�ijf_�fhegop�meoeùp�hbiip�hbii�bd�̀�k̀cì�gi�fejìm�gc�ked̂�wq�e�ked̂q�gcm̀ocg]g̀m�_̀d̀jcm̀dx��jf_�bwhguêgbc�i_ehh�cb̂�ẁ�fbcîdj̀m�̂b�c̀uềp�ewdgmùp�ewdgmù�bd�d̀mjf̀�b̂_̀d�dgu_̂i�bd�bwhguêgbci�b]�gcm̀ocĝq�̂_ê�sbjhm�b̂_̀dsgì�̀�gî�ei�̂b�e�ked̂q�bd�k̀dibc�m̀ifdgẁm�gc�̂_gi��̀f̂gbc��x��xV�WXY�X[�\c�fhegoi�euegcî�ecq�k̀dibc�bd�̀ĉĝq�gcm̀ocg]g̀m�jcm̀d�̂_gi��̀f̂gbc��x���wq�ec�̀okhbq̀ �̀b]�̂_̀�abĉdef̂bdp�e��jwfbĉdef̂bdp�ecqbc̀�mgd̀f̂hq�bd�gcmgd̀f̂hq�̀okhbq̀m�wq�̂_̀op�̂_̀o�bd�ecqbc̀�]bd�s_bì�ef̂i�̂_̀q�oeq�ẁ�hgewh̀p�_̂̀�gcm̀ocg]gfêgbc�bwhguêgbc�jcm̀d��̀f̂gbc��x��x���x���i_ehh�cb̂�ẁ�hgoĝ̀m�wq�e�hgoĝêgbc�bc�eobjĉ�bd�̂qk̀�b]�meoeùip�fbok̀ciêgbcp�fbok̀ciêgbc�bd�ẁc̀]ĝi�keqewh̀�wq�bd�]bd�̂_̀�abĉdef̂bd�bd�e��jwfbĉdef̂bd�jcm̀d�sbd}̀div�fbok̀ciêgbc�ef̂ip�mgiewghĝq�ẁc̀]ĝ�ef̂ip�ef̂i�bd�b̂_̀d�̀okhbq̀ �̀ẁc̀]ĝ�ef̂ix�����[[V��XYXY�z_̀�{df_ĝ̀f̂�gi�̂_̀�k̀dibc�bd�̀ĉĝq�d̀̂egc̀m�wq�̂_̀�rsc̀d�kjdijeĉ�̂b��̀f̂gbc��x�x��ecm�gm̀ĉg]g̀m�ei�ijf_�gc�_̂̀�{ud̀̀ ò ĉxrsc̀d�i_ehh�d̀̂egc�ec�edf_ĝ̀f̂�hes]jhhq�hgf̀cìm�̂b�kdef̂gf̀�edf_ĝ̀f̂jd̀�bd�ec�̀ĉĝq�hes]jhhq�kdef̂gfgcu�edf_ĝ̀f̂jd̀�gc�̂_̀��jdgimgf̂gbc�s_̀d̀�̂_̀��db�̀f̂�gi�hbfềmx�z_ê�k̀dibc�bd�̀ĉĝq�gi�gm̀ĉg]g̀m�ei�̂_̀�{df_ĝ̀f̂�gc�̂_̀�{ud̀̀ ò ĉ�ecm�gi�d̀]̀dd̀m�̂b�̂_dbju_bĵ�̂_̀�abĉdef̂�nbfjò ĉi�ei�g]�igcujhed�gc�cjoẁdx�V��XYX[�z_̀�abcîdjf̂gbc�teceùd�gi�̂_̀�k̀dibc�bd�̀ĉĝq�d̀̂egc̀m�wq�̂_̀�rsc̀d�kjdijeĉ�̂b��̀f̂gbc��x�x��ecm�gm̀ĉg]g̀m�ei�ijf_�gc�̂_̀�{ud̀̀ ò ĉxrsc̀d�i_ehh�d̀̂egc�e�fbcîdjf̂gbc�oeceùd�hes]jhhq�hgf̀cìm�̂b�kdef̂gf̀�fbcîdjf̂gbc�oeceùò ĉ�bd�ec�̀ĉĝq�hes]jhhq�kdef̂gfgcu�fbcîdjf̂gbc�oeceùò ĉ�gc�̂_̀��jdgimgf̂gbc�s_̀d̀�̂_̀��db�̀f̂�gi�hbfềmx�z_ê�k̀dibc�bd�̀ĉĝq�gi�gm̀ĉg]g̀m�ei�̂_̀�abcîdjf̂gbc�teceùd�gc�̂_̀�{ud̀̀ ò ĉ�ecm�gi�d̀]̀dd̀m�̂b�_̂dbju_bĵ�̂_̀�abĉdef̂�nbfjò ĉi�ei�g]�igcujhed�gc�cjoẁdxV��XYXW�nĵg̀ip�d̀ikbcigwghĝg̀ip�d̀ikbcigwghĝg̀i�ecm�hgoĝêgbci�b]�eĵ_bdĝq�b]�̂_̀�abcîdjf̂gbc�teceùd�ei�ì̂�]bd̂_�gc�_̂̀�abĉdef̂�nbfjò ĉi�i_ehh�cb̂�ẁ�d̀îdgf̂̀mp�obmg]g̀m�bd�̀�̂̀cm̀m�sĝ_bĵ�sdĝ̀̂ c�fbcìĉ�b]�̂_̀�rsc̀d�ecm�abcîdjf̂gbc�teceùdx�nĵg̀ip�d̀ikbcigwghĝg̀i�ecm�hgoĝêgbci�b]�eĵ_bdĝq�b]�̂_̀�{df_ĝ̀f̂�ei�ì̂�]bd̂_�gc�̂_̀�abĉdef̂�nbfjò ĉi�i_ehh�cb̂�ẁ�d̀îdgf̂̀mp�obmg]g̀mp�obmg]g̀m�bd�̀�̂̀cm̀m�sĝ_bĵ�sdĝ̀̂ c�fbcìĉ�b]�̂_̀�rsc̀dp�abcîdjf̂gbc�teceùdp�{df_ĝ̀f̂p�ecm�abĉdef̂bdx�rsc̀d�ecm�{df_ĝ̀f̂x�abcìĉ�i_ehh�cb̂�ẁ�jcd̀eibcewhq�sĝ__̀hmx
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V�WXYXW�Z[�\]̂�̂_̀ abc_̂d\�b[�\]̂�ebdf\ghi\jbd�kldlm̂g�bg�ngi]j\̂i\�jf�\̂g_jdl\̂op�\]̂�qrd̂g�f]laa�̂_̀ abc�l�fhiîffbg�ibdf\ghi\jbd�_ldlm̂g�bg�lgi]j\̂i\�lf�\b�r]b_�\]̂�ebd\gli\bg�]lf�db�ĝlfbdlsâ�bst̂i\jbd�ldo�r]bf̂�f\l\hf�hdôg�\]̂�ebd\gli\�ubih_̂d\f�f]laa�ŝ�\]l\�b[�\]̂�ebdf\ghi\jbd�kldlm̂g�bg�ngi]j\̂i\p�ĝf̀ î\jv̂acwxV�WXyXy�z]̂�ngi]j\̂i\�rjaa�vjfj\�\]̂�fj\̂�l\�jd\̂gvlaf�l̀ g̀b̀gjl\̂�\b�\]̂�f\lm̂�b[�ibdf\ghi\jbdp�bg�lf�b\]̂grjf̂�lmĝ̂o�rj\]�\]̂�qrd̂gp�\b�ŝib_̂�m̂d̂glaac�[l_jajlg�rj\]�\]̂�̀gbmĝff�ldo�{hlaj\c�b[�\]̂�̀bg\jbd�b[�\]̂�|bg}�ib_̀ â\̂op�ldo�\b�ô\̂g_jd̂�jd�m̂d̂gla�j[�\]̂�|bg}�bsf̂gv̂o�jf�ŝjdm�̀̂g[bg_̂o�jd�l�_ldd̂g�jdojil\jdm�\]l\�\]̂�|bg}p�r]̂d�[haac�ib_̀ â\̂op�rjaa�ŝ�jd�liibgoldî�rj\]�\]̂�ebd\gli\�ubih_̂d\fw�~br̂v̂gp�\]̂�ngi]j\̂i\�rjaa�db\�ŝ�ĝ{hjĝo�\b�_l}̂��̂]lhf\jv̂�bg�ibd\jdhbhf�bd�fj\̂�jdf̀ î\jbdf�\b�i]̂i}�\]̂�{hlaj\c�bg�{hld\j\c�b[�\]̂�|bg}w�qd�\]̂�slfjf�b[�\]̂�fj\̂�vjfj\fp�\]̂�ngi]j\̂i\�rjaa�}̂^̀�\]̂�qrd̂g�ldo�\]̂�ebdf\ghi\jbd�kldlm̂g�ĝlfbdlsac�jd[bg_̂o�lsbh\�\]̂�̀gbmĝff�ldo�{hlaj\c�b[�\]̂�̀bg\jbd�b[�\]̂�|bg}�ib_̀ â\̂op�ldo�̀gb_̀ \ac�ĝ̀ bg\�\b�\]̂�qrd̂g�ldo�ebdf\ghi\jbd�kldlm̂g�����}dbrd�ôvjl\jbdf�[gb_�\]̂�ebd\gli\�ubih_̂d\f�ldo�[gb_�\]̂�_bf\�ĝîd\��gbt̂i\�fi]̂ohâ�̀ĝ̀ lĝo�sc�\]̂�ebdf\ghi\jbd�kldlm̂gp�ldo�����ô[̂i\f�ldo�ô[jiĵdiĵf�bsf̂gv̂o�jd�\]̂�|bg}w�����������z]̂�qrd̂g�jf�̂d\j\âo�\b�ĝj_shgf̂_̂d\�[gb_�\]̂�ebd\gli\bg�[bg�l_bhd\f�̀ljo�\b�\]̂�ngi]j\̂i\�[bg�fj\̂�vjfj\f�_lô�d̂îfflgc�sc�\]̂�[lha\�b[�\]̂�ebd\gli\bg�bg�sc�ô[̂i\f�ldo�ô[jiĵdiĵf�jd�\]̂�|bg}w����������z]̂�qrd̂g�jf�̂d\j\âo�\b�ĝj_shgf̂_̂d\�[gb_�\]̂�ebd\gli\bg�[bg�l_bhd\f�̀ljo�\b�\]̂�ebdf\ghi\jbd�kldlm̂g�[bg�fj\̂�vjfj\f�_lô�d̂îfflgc�sc�\]̂�[lha\�b[�\]̂�ebd\gli\bg�bg�sc�ô[̂i\f�ldo�ô[jiĵdiĵf�jd�\]̂�|bg}wV�WXyX��z]̂�ebdf\ghi\jbd�kldlm̂g�f]laa�̀gbvjô�l�f\l[[jdm�̀ald�\b�jdiahô�bd̂�bg�_bĝ�ĝ̀ ĝf̂d\l\jv̂f�r]b�f]laa�ŝ�jd�l\\̂doldî�l\�\]̂��gbt̂i\�fj\̂�r]̂d̂v̂g�\]̂�|bg}�jf�ŝjdm�̀̂g[bg_̂ow�z]̂�ebdf\ghi\jbd�kldlm̂g�rjaa�ô\̂g_jd̂�jd�m̂d̂gla�j[�\]̂�|bg}�bsf̂gv̂o�jf�ŝjdm�̀̂g[bg_̂o�jd�liibgoldî�rj\]�\]̂�ebd\gli\�ubih_̂d\fp�rjaa�}̂^̀�\]̂�qrd̂g�ldo�ngi]j\̂i\�ĝlfbdlsac�jd[bg_̂o�b[�\]̂�̀gbmĝff�b[�\]̂�|bg}p�ldo�rjaa�̀gb_̀ \ac�ĝ̀ bg\�\b�\]̂�qrd̂g�ldo�ngi]j\̂i\�����}dbrd�ôvjl\jbdf�[gb_�\]̂�ebd\gli\�ubih_̂d\f�ldo�\]̂�_bf\�ĝîd\��gbt̂i\�fi]̂ohâp�ldo�����ô[̂i\f�ldo�ô[jiĵdiĵf�bsf̂gv̂o�jd�\]̂�|bg}wV�WXyXW�z]̂�ebdf\ghi\jbd�kldlm̂g�rjaa�fi]̂ohâ�ldo�ibbgojdl\̂�\]̂�li\jvj\ĵf�b[�\]̂�ebd\gli\bg�ldo�b\]̂g�kha\j̀â��gj_̂�ebd\gli\bgf�jd�liibgoldî�rj\]�\]̂�al\̂f\�l̀ g̀bv̂o��gbt̂i\�fi]̂ohâw�V�WXyX��z]̂�ebdf\ghi\jbd�kldlm̂gp�̂�î \̀�\b�\]̂�̂�\̂d\�ĝ{hjĝo�sc��̂i\jbd��w�w�p�ldo�ngi]j\̂i\�rjaa�db\�]lv̂�ibd\gba�bv̂gp�bg�i]lgm̂�b[p�bg�ĝf̀bdfjsjaj\c�[bgp�\]̂�ibdf\ghi\jbd�_̂ldfp�_̂\]bofp�\̂i]dj{ĥfp�f̂{ĥdîf�bg�̀gbîohĝfp�bg�[bg�\]̂�fl[̂\c�̀ĝilh\jbdf�ldo�̀gbmgl_f�jd�ibdd̂i\jbd�rj\]�\]̂�|bg}p�fjdî�\]̂f̂�lĝ�fbâac�\]̂�ebd\gli\bg�f�gjm]\f�ldo�ĝf̀bdfjsjaj\ĵf�hdôg�\]̂�ebd\gli\�ubih_̂d\fp�̂�î \̀�lf�̀gbvjôo�jd��̂i\jbd��w�w�p�ldo�d̂j\]̂g�rjaa�ŝ�ĝf̀bdfjsâ�[bg�\]̂�ebd\gli\bg�f�[ljahĝ�\b�̀̂g[bg_�\]̂�|bg}�jd�liibgoldî�rj\]�\]̂�ĝ{hjĝ_̂d\f�b[�\]̂�ebd\gli\�ubih_̂d\fw��̂j\]̂g�\]̂�ebdf\ghi\jbd�kldlm̂g�dbg�\]̂�ngi]j\̂i\�rjaa�]lv̂�ibd\gba�bv̂g�bg�i]lgm̂�b[p�b[�bg�ŝ�ĝf̀bdfjsâ�[bg�li\f�bg�b_jffjbdf�b[p�b[�\]̂�ebd\gli\bgp��hsibd\gli\bgfp�bg�\]̂jg�lm̂d\f�bg�̂_̀ abĉ f̂p�bg�b[�ldc�b\]̂g�̀̂gfbdf�bg�̂d\j\ĵf�`̂g[bg_jdm�̀bg\jbdf�b[�\]̂�|bg}wV�WXyX����������������X�z]̂�qrd̂g�f]laa�ib__hdjil\̂�rj\]�\]̂�ebd\gli\bg�ldo�\]̂�ebdf\ghi\jbd�kldlm̂g�f�ibdfha\ld\f�\]gbhm]�\]̂�ebdf\ghi\jbd�kldlm̂g��������������������������������� ����¡¢������ �����X�£�î \̀�lf�b\]̂grjf̂�̀gbvjôo�jd�\]̂�ebd\gli\�ubih_̂d\f�bg�r]̂d�ojĝi\�ib__hdjil\jbdf�]lv̂�ŝ d̂�f̀ îjlaac�lh\]bgj¤̂op�\]̂�qrd̂g�ldo�ebd\gli\bg�f]laa�̂dôlvbg�\b�ib__hdjil\̂�rj\]�̂li]�b\]̂g�\]gbhm]�\]̂�ebdf\ghi\jbd�kldlm̂gp�ldo�f]laa�ibd\̂_̀ bgld̂bhfac�̀gbvjô�\]̂�fl_̂�ib__hdjil\jbdf�\b�\]̂�ngi]j\̂i\�lsbh\�_l\\̂gf�lgjfjdm�bh\�b[�bg�ĝal\jdm�\b�\]̂�ebd\gli\�ubih_̂d\fw�z]̂�qrd̂g�ldo�ebdf\ghi\jbd�kldlm̂g�f]laa�jdiahô�\]̂�ngi]j\̂i\�jd�laa�ib__hdjil\jbdf�\]l\�ĝal\̂�\b�bg�l[[̂i\�\]̂�ngi]j\̂i\�f�f̂gvjîf�bg�̀gb[̂ffjbdla�ĝf̀bdfjsjaj\ĵfw�z]̂�qrd̂g�f]laa�̀gb_̀ \ac�db\j[c�\]̂�ngi]j\̂i\�b[�\]̂�fhsf\ldî�b[�ldc�ojĝi\�ib__hdjil\jbdf�ŝ\r̂ d̂�\]̂�qrd̂g�ldo�\]̂�ebdf\ghi\jbd�kldlm̂g�b\]̂grjf̂�ĝal\jdm�\b�\]̂��gbt̂i\w�eb__hdjil\jbdf�sc�ldo�rj\]�\]̂�ngi]j\̂i\�f�ibdfha\ld\f�f]laa�ŝ�\]gbhm]�\]̂�ngi]j\̂i\w�eb__hdjil\jbdf�sc�ldo�rj\]��hsibd\gli\bgf�ldo�_l\̂gjla�fh̀ àĵgf�f]laa�ŝ�\]gbhm]�\]̂�ebd\gli\bgw�eb__hdjil\jbdf�sc�ldo�rj\]�b\]̂g�kha\j̀â��gj_̂�ebd\gli\bgf�f]laa�ŝ�\]gbhm]�\]̂�ebdf\ghi\jbd�kldlm̂gw�kldlm̂g�ldo�f]laa�ŝ�ibd\̂_̀ bgld̂bhfac�̀gbvjôo�\b�\]̂�ngi]j\̂i\�j[�\]bf̂�ib__hdjil\jbdf�lĝ�lsbh\�_l\\̂gf�lgjfjdm�bh\�b[�bg�ĝal\̂o�\b�\]̂�ebd\gli\�ubih_̂d\fw�eb__hdjil\jbdf�sc�ldo�rj\]�\]̂�qrd̂g�f�brd�[bgîf�ldo��̂ l̀gl\̂�ebd\gli\bgf�f]laa�ŝ�\]gbhm]�\]̂�qrd̂gwz]̂�ebd\gli\�ubih_̂d\f�_lc�f̀ îj[c�b\]̂g�ib__hdjil\jbd�̀gb\bibafw¥¡¦§�y�
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VWXYZ[\]Ŵ_�̂W\]WZXŴ�̀a�bàXWc]aŴd�eYW�faXY[VWXVĝ�hbbàihj�̀k�h�̂bWX[k[X�[VWl�̂Yhjj�Z̀V�[Zc[XhVW�hbbàihj�̀k�hZ�ĥ̂Wlmjn�̀k�oY[XY�VYW�[VWl�[̂�h�X̀lb̀ZWZVdp�qrsrts�uWi[Wo�̀k�VYW�v̀ZVahXV̀aĝ�̂]ml[VVhĵ�mn�VYW�v̀ẐVa]XV[̀Z�whZhxWa�hZc�faXY[VWXV�[̂�Z̀V�X̀Zc]XVWc�k̀a�VYW�b]ab̀ Ŵ�̀k�cWVWal[Z[Zx�VYW�hXX]ahXn�hZc�X̀lbjWVWZŴ̂ �̀k�̀VYWa�cWVh[ĵ�̂]XY�ĥ�c[lWẐ[̀Ẑ�hZc�\]hZV[V[Ŵ_�̀a�k̀a�]̂m̂VhZV[hV[Zx�[ẐVa]XV[̀Ẑ�k̀a�[ẐVhjjhV[̀Z�̀a�bWak̀alhZXW�̀k�W\][blWZV�̀a�̂n̂VWl̂_�hjj�̀k�oY[XY�aWlh[Z�VYW�aŴb̀Ẑ[m[j[Vn�̀k�VYW�v̀ZVahXV̀a�ĥ�aW\][aWc�mn�VYW�v̀ZVahXV�ỳX]lWZV̂d�eYW�v̀ẐVa]XV[̀Z�whZhxWa�hZc�faXY[VWXVĝ�aWi[Wo�̀k�VYW�v̀ZVahXV̀aĝ�̂]ml[VVhĵ�̂Yhjj�Z̀V�aWj[WiW�VYW�v̀ZVahXV̀a�̀k�VYW�̀mj[xhV[̀Ẑ�]ZcWa�zWXV[̀Ẑ�{d{_�{d|_�hZc�{d}~d�eYW�v̀ẐVa]XV[̀Z�whZhxWa�hZc�faXY[VWXVĝ�aWi[Wo�̂Yhjj�Z̀V�X̀ẐV[V]VW�hbbàihj�̀k�̂hkWVn�baWXh]V[̀Ẑ�̀a�̀k�hZn�X̀ẐVa]XV[̀Z�lWhẐ_�lWVỲĉ_�VWXYZ[\]Ŵ_�̂W\]WZXŴ_�̀a�bàXWc]aŴd�eYW�faXY[VWXVĝ�hbbàihj�̀k�h�̂bWX[k[X�[VWl�Ŷhjj�Z̀V�[Zc[XhVW�hbbàihj�̀k�hZ�ĥ̂Wlmjn�̀k�oY[XY�VYW�[VWl�[̂�h�X̀lb̀ZWZVdeYW�faXY[VWXV_�o[VY�VYW�ĥ̂ [̂VhZXW�̀k�VYW�v̀ẐVa]XV[̀Z�whZhxWa_�o[jj�baWbhaW�vYhZxW��acWâ�hZc�v̀ẐVa]XV[̀Z�vYhZxW�y[aWXV[iŴdp�qrsrt��eYW�v̀ẐVa]XV[̀Z�whZhxWa�o[jj�baWbhaW�vYhZxW��acWâ�hZc�v̀ẐVa]XV[̀Z�vYhZxW�y[aWXV[iŴdhZc�VYW�faXY[VWXV�o[jj�Vh�W�hbbàba[hVW�hXV[̀Z�̀Z�vYhZxW��acWâ�̀a�v̀ẐVa]XV[̀Z�vYhZxW�y[aWXV[iŴ�[Z�hXX̀achZXW�o[VY�faV[XjW��d�hZc�VYW�faXY[VWXV�o[jj�YhiW�h]VỲa[Vn�V̀�̀acWa�l[Z̀a�XYhZxŴ�[Z�VYW�� à��ĥ�bài[cWc�[Z�zWXV[̀Z��d�d�eYW�faXY[VWXV_�[Z�X̀Ẑ]jVhV[̀Z�o[VY�VYW�v̀ẐVa]XV[̀Z�whZhxWa_�o[jj�[ZiŴV[xhVW�hZc�lh�W�cWVWal[ZhV[̀Ẑ�hZc�aWX̀llWZchV[̀Ẑ�aWxhac[Zx�X̀ZXWhjWc�hZc�]Z�Z̀oZ�X̀Zc[V[̀Ẑ�ĥ�bài[cWc�[Z�zWXV[̀Z�{d�d�dp�qrsrtq�eYW�v̀ẐVa]XV[̀Z�whZhxWa�hZc�VYW�faXY[VWXV�o[jj�Vh�W�hbbàba[hVW�hXV[̀Z�̀Z�vYhZxW��acWâ�̀a�v̀ẐVa]XV[̀Z�vYhZxW�y[aWXV[iŴ�[Z�hXX̀achZXW�o[VY�faV[XjW��_�hZc�VYW�faXY[VWXV�o[jj�YhiW�h]VỲa[Vn�V̀�̀acWa�l[Z̀a�XYhZxŴ�[Z�VYW�� à��ĥ�bài[cWc�[Z�zWXV[̀Z��d�d�eYW�faXY[VWXV_�[Z�X̀Ẑ]jVhV[̀Z�o[VY�VYW�v̀ẐVa]XV[̀Z�whZhxWa_�o[jj�[ZiŴV[xhVW�hZc�lh�W�cWVWal[ZhV[̀Ẑ�hZc�aWX̀llWZchV[̀Ẑ�aWxhac[Zx�X̀ZXWhjWc�hZc�]Z�Z̀oZ�X̀Zc[V[̀Ẑ�ĥ�bài[cWc�[Z�zWXV[̀Z�{d�d�d�V[j[�[Zx�VYW�c̀X]lWZV̂�bài[cWc�mn�VYW�v̀ZVahXV̀a_�VYW�v̀ẐVa]XV[̀Z�whZhxWa�o[jj�lh[ZVh[Z�hV�VYW�̂[VW�k̀a�VYW��oZWa�̀ZW�X̀bn�̀k�hjj�v̀ZVahXV�ỳX]lWZV̂_�hbbàiWc�zỲb�yaho[Zx̂_��àc]XV�yhVh_�zhlbjŴ�hZc�̂[l[jha�aW\][aWc�]̂ml[VVhĵ_�[Z�x̀ c̀�̀acWa�hZc�lha�Wc�X]aaWZVjn�V̀�aWX̀ac�hjj�XYhZxŴ�hZc�̂WjWXV[̀Ẑ�lhcW�c]a[Zx�X̀ẐVa]XV[̀Zd�eYŴW�o[jj�mW�hih[jhmjW�V̀�VYW�faXY[VWXV�hZc�VYW�v̀ZVahXV̀a_�hZc�o[jj�mW�cWj[iWaWc�V̀�VYW��oZWa�]b̀Z�X̀lbjWV[̀Z�̀k�VYW��à�WXVdp�qrsrt���V[j[�[Zx�VYW�c̀X]lWZV̂�bài[cWc�mn�VYW�v̀ZVahXV̀a_�VYW�v̀ẐVa]XV[̀Z�whZhxWa�o[jj�lh[ZVh[Z�hV�VYW�̂[VW�k̀a�VYW��oZWa�̀ZW�X̀bn�̀k�hjj�v̀ZVahXV�ỳX]lWZV̂_�hbbàiWc�zỲb�yaho[Zx̂_��àc]XV�yhVh_�zhlbjŴ_�hZc�̂[l[jha�aW\][aWc�]̂ml[VVhĵ_�[Z�x̀ c̀�̀acWa�hZc�lha�Wc�X]aaWZVjn�V̀�aWX̀ac�hjj�XYhZxŴ�hZc�̂WjWXV[̀Ẑ�lhcW�c]a[Zx�X̀ẐVa]XV[̀Zd�eYŴW�o[jj�mW�hih[jhmjW�V̀�VYW�faXY[VWXV�hZc�VYW�v̀ZVahXV̀a_�hZc�o[jj�mW�cWj[iWaWc�V̀�VYW��oZWa�]b̀Z�X̀lbjWV[̀Z�̀k�VYW��à�WXVdeYW�v̀ẐVa]XV[̀Z�whZhxWa�o[jj�ĥ̂ [̂V�VYW�faXY[VWXV�[Z�X̀Zc]XV[Zx�[ẐbWXV[̀Ẑ�V̀�cWVWal[ZW�VYW�chVŴ�̀k�z]m̂VhZV[hj�v̀lbjWV[̀Z�hZc�VYW�chVW�̀k�k[Zhj�X̀lbjWV[̀Z��[̂̂]W�vWaV[k[XhVŴ�̀k�z]m̂VhZV[hj�v̀lbjWV[̀Z�[Z�X̀Z�]ZXV[̀Z�o[VY�VYW�faXY[VWXV�b]â]hZV�V̀�zWXV[̀Z��d���hZc�aWXW[iW�hZc�k̀aohac�V̀�VYW��oZWa�oa[VVWZ�ohaahZV[Ŵ�hZc�aWjhVWc�c̀X]lWZV̂�aW\][aWc�mn�VYW�v̀ZVahXV�hZc�ĥ̂WlmjWc�mn�VYW�v̀ZVahXV̀a�b]â]hZV�V̀�zWXV[̀Z��d}�d�eYW�v̀ẐVa]XV[̀Z�whZhxWa�o[jj�k̀aohac�V̀�VYW�faXY[VWXV�h�k[Zhj�fbbj[XhV[̀Z�hZc�vWaV[k[XhVW�k̀a��hnlWZV�̀a�k[Zhj��à�WXV�fbbj[XhV[̀Z�hZc��à�WXV�vWaV[k[XhVW�k̀a��hnlWZV�]b̀Z�VYW�v̀ZVahXV̀aĝ�X̀lbj[hZXW�o[VY�VYW�aW\][aWlWZV̂�̀k�VYW�v̀ZVahXV�ỳX]lWZV̂dp�qrsrt��eYW�v̀ẐVa]XV[̀Z�whZhxWa�o[jj�ĥ̂ [̂V�VYW�faXY[VWXV�[Z�X̀Zc]XV[Zx�[ẐbWXV[̀Ẑ�V̀�cWVWal[ZW�VYW�chVW�̀a�chVŴ�̀k�z]m̂VhZV[hj�v̀lbjWV[̀Z�hZc�VYW�chVW�̀k�k[Zhj�X̀lbjWV[̀Z��[̂̂]W�vWaV[k[XhVŴ�̀k�z]m̂VhZV[hj�v̀lbjWV[̀Z�[Z�X̀Z�]ZXV[̀Z�o[VY�VYW�faXY[VWXV�b]â]hZV�V̀�zWXV[̀Z��d���hZc�aWXW[iW�hZc�k̀aohac�V̀�VYW��oZWa�oa[VVWZ�ohaahZV[Ŵ�hZc�aWjhVWc�c̀X]lWZV̂�aW\][aWc�mn�VYW�v̀ZVahXV�hZc�ĥ̂WlmjWc�mn�VYW�v̀ZVahXV̀a�b]â]hZV�V̀�zWXV[̀Z��d}�d�eYW�v̀ẐVa]XV[̀Z�whZhxWa�o[jj�k̀aohac�V̀�VYW�faXY[VWXV�h�k[Zhj�fbbj[XhV[̀Z�hZc�vWaV[k[XhVW�k̀a��hnlWZV�̀a�k[Zhj��à�WXV�fbbj[XhV[̀Z�hZc��à�WXV�vWaV[k[XhVW�k̀a��hnlWZV�]b̀Z�VYW�v̀ZVahXV̀aĝ�X̀lbj[hZXW�o[VY�VYW�aW\][aWlWZV̂�̀k��k�VYW��oZWa�hZc�faXY[VWXV�hxaWW_�VYW�faXY[VWXV�o[jj�bài[cW�̀ZW�̀a�l̀ aW�bà�WXV�aWbaŴWZVhV[iŴ�V̀�ĥ̂ [̂V�[Z�Xhaan[Zx�̀]V�VYW�faXY[VWXVĝ�aŴb̀Ẑ[m[j[V[Ŵ�hV�VYW�̂[VWd�eYW�c]V[Ŵ_�aŴb̀Ẑ[m[j[V[Ŵ�hZc�j[l[VhV[̀Ẑ�̀k�h]VỲa[Vn�̀k�̂]XY�bà�WXV�aWbaŴWZVhV[iŴ�̂Yhjj�mW�ĥ�̂WV�k̀aVY�[Z�hZ�W�Y[m[V�V̀�mW�[ZX̀ab̀ahVWc�[Z�VYW�v̀ZVahXV�ỳX]lWZV̂dp�qrsrt���k�VYW��oZWa�hZc�faXY[VWXV�hxaWW_�VYW�faXY[VWXV�o[jj�bài[cW�̀ZW�̀a�l̀ aW��à�WXV�aWbaŴWZVhV[iŴ�V̀�ĥ̂ [̂V�[Z�Xhaan[Zx�̀]V�VYW�faXY[VWXVĝ�aŴb̀Ẑ[m[j[V[Ŵ�hV�VYW�̂[VWd�eYW��oZWa�̂Yhjj�Z̀V[kn�VYW�v̀ẐVa]XV[̀Z�whZhxWa�̀k�hZn�XYhZxW�[Z�VYW�c]V[Ŵ_�aŴb̀Ẑ[m[j[V[Ŵ�hZc�j[l[VhV[̀Ẑ�̀k�h]VỲa[Vn�̀k�VYW��à�WXV�aWbaŴWZVhV[iŴdeYW�faXY[VWXV�o[jj�[ZVWabaWV�hZc�cWX[cW�lhVVWâ�X̀ZXWaZ[Zx�bWak̀alhZXW�]ZcWa_�hZc�aW\][aWlWZV̂�̀k�VYW�v̀ZVahXV�ỳX]lWZV̂�̀Z�oa[VVWZ�aW\]ŴV�̀k�VYW�v̀ẐVa]XV[̀Z�whZhxWa_��oZWa�̀a�v̀ZVahXV̀a�VYà]xY�VYW�v̀ẐVa]XV[̀Z�whZhxWad�eYW�faXY[VWXVĝ�aŴb̀ẐW�V̀�̂]XY�aW\]ŴV̂�o[jj�mW�lhcW�[Z�oa[V[Zx�o[VY[Z�hZn�V[lW�j[l[V̂�hxaWWc�]b̀Z�̀a�̀VYWao[̂W�o[VY�aWĥ̀ ZhmjW�bàlbVZŴ̂d�
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V�WXYXZ[�\]̂�_̀a]bĉac�dbee�bfĉ̀g̀̂ c�hfi�îabî�jhcĉ̀k�alfâ f̀bfm�ĝ ǹl̀jhfâ�ofî p̀�hfi�̀̂qob̀̂ĵfck�lnp�c]̂�rlfc̀hac�slaoĵfck�lf�d̀bcĉf�̀̂qôkc�ln�c]̂�rlfkc̀oacblf�thfhm̂ p̀�udf̂ p̀�l̀�rlfc̀hacl̀�c]̀lom]�c]̂�rlfkc̀oacblf�thfhm̂ v̀�\]̂�_̀a]bĉacwk�̀̂kglfk̂�cl�koa]�̀̂qôkck�dbee�x̂�jhî�bf�d̀bcbfm�dbc]bf�hfy�cbĵ�ebjbck�hm̀̂ î�oglf�l̀�lc]̂ d̀bk̂�dbc]�̀̂hklfhxê�g̀ljgcf̂kkv�zfĉ̀g̀̂ chcblfk�hfi�îabkblfk�ln�c]̂�_̀a]bĉac�dbee�x̂�alfkbkĉfc�dbc]�c]̂�bfĉfc�ln�hfi�̀̂hklfhxey�bfn̂̀hxê�ǹlj�c]̂�rlfc̀hac�slaoĵfck�hfi�dbee�x̂�bf�d̀bcbfm�l̀�bf�c]̂�nl̀j�ln�ìhdbfmkv�{]̂f�jh|bfm�koa]�bfĉ̀g̀̂ chcblfk�hfi�îabkblfkp�c]̂�_̀a]bĉac�dbee�̂fîh}l̀�cl�k̂aò̂ �nhbc]noe�ĝ ǹl̀jhfâ�xy�xlc]�udf̂ �̀hfi�rlfc̀hacl̀p�dbee�flc�k]ld�gh̀cbhebcy�cl�̂bc]̂ �̀hfi�dbee�flc�x̂�ebhxê�nl̀�̀̂koeck�ln�bfĉ̀g̀̂ chcblfk�l̀�îabkblfk�kl�`̂fî`̂i�bf�mlli�nhbc]vV�WXYXZ~�zfĉ̀g̀̂ chcblfk�hfi�îabkblfk�ln�c]̂�_̀a]bĉac�dbee�x̂�alfkbkĉfc�dbc]�c]̂�bfĉfc�lnp�hfi�̀̂hklfhxey�bfn̂̀hxê�ǹljp�c]̂�rlfc̀hac�slaoĵfck�hfi�dbee�x̂�bf�d̀bcbfm�l̀�bf�c]̂�nl̀j�ln�ìhdbfmkv�{]̂f�jh|bfm�koa]�bfĉ̀g̀̂ chcblfk�hfi�îabkblfkp�c]̂�_̀a]bĉac�dbee�̂fîh}l̀�cl�k̂aò̂ �nhbc]noe�ĝ ǹl̀jhfâ�xy�xlc]�udf̂ �̀hfi�rlfc̀hacl̀p�dbee�flc�k]ld�gh̀cbhebcy�cl�̂bc]̂ p̀�hfi�dbee�flc�x̂�ebhxê�nl̀�̀̂koeck�ln�bfĉ̀g̀̂ chcblfk�l̀�îabkblfk�kl�̀̂fî`̂i�bf�mlli�nhbc]v\]̂�_̀a]bĉacwk�îabkblfk�lf�jhcĉ̀k�̀̂ehcbfm�cl�ĥkc]̂cba�̂nn̂ac�dbee�x̂�nbfhe�bn�alfkbkĉfc�dbc]�c]̂�bfĉfc�̂�g̀̂ kk̂i�bf�c]̂�rlfc̀hac�slaoĵfckvV�WXYXY��\]̂�_̀a]bĉacwk�îabkblfk�lf�jhcĉ̀k�̀̂ehcbfm�cl�ĥkc]̂cba�̂nn̂ac�dbee�x̂�nbfhe�bn�alfkbkĉfc�dbc]�c]̂�bfĉfc��̂g̀̂ kk̂i�bf�c]̂�rlfc̀hac�slaoĵfckvrlfkc̀oacblf�thfhm̂ �̀dbee�̀̂âb}̂�hfi�̀̂}b̂d�̀̂qôkck�nl̀�bfnl̀jhcblf�ǹlj�c]̂�rlfc̀hacl̀p�hfi�nl̀dh̀i�̂ha]�̀̂qôkc�nl̀�bfnl̀jhcblf�cl�c]̂�_̀a]bĉacp�dbc]�c]̂�rlfkc̀oacblf�thfhm̂ ẁk�`̂aljĵfihcblfv�\]̂�_̀a]bĉac�dbee�̀̂}b̂d�hfi�̀̂kglfi�bf�d̀bcbfm�cl�c]̂�rlfkc̀oacblf�thfhm̂ �̀cl�̀̂qôkck�nl̀�bfnl̀jhcblf�hxloc�c]̂�rlfc̀hac�slaoĵfckv�\]̂�rlfkc̀oacblf�thfhm̂ ẁk�̀̂aljĵfihcblf�hfi�c]̂�_̀a]bĉacwk�`̂kglfk̂�cl�̂ha]�̀̂qôkc�dbee�x̂�jhî�bf�d̀bcbfm�dbc]bf�hfy�cbĵ�ebjbck�hm̀̂ î�oglf�l̀�lc]̂ d̀bk̂�dbc]�̀̂hklfhxê�g̀ljgcf̂kkv�zn�hgg̀lg̀bhĉp�c]̂�_̀a]bĉac�dbee�g̀̂ gh̀̂�hfi�bkkô�koggêĵfche�s̀hdbfmk�hfi��ĝabnbahcblfk�bf�̀̂kglfk̂�cl�c]̂�̀̂qôkck�nl̀�bfnl̀jhcblfvV�WXYXYZ�\]̂�rlfkc̀oacblf�thfhm̂ �̀dbee�̀̂âb}̂�hfi�̀̂}b̂d�̀̂qôkck�nl̀�bfnl̀jhcblf�ǹlj�c]̂�rlfc̀hacl̀p�hfi�nl̀dh̀i�ĥa]�̀̂qôkc�nl̀�bfnl̀jhcblf�cl�c]̂�_̀a]bĉacp�dbc]�c]̂�rlfkc̀oacblf�thfhm̂ ẁk�̀̂aljĵfihcblfv�\]̂�_̀a]bĉac�dbee�`̂}b̂d�hfi�̀̂kglfi�bf�d̀bcbfmp�c]̀lom]�c]̂�rlfkc̀oacblf�thfhm̂ p̀�cl�̀̂qôkck�nl̀�bfnl̀jhcblf�hxloc�c]̂�rlfc̀hac�slaoĵfckv�\]̂�rlfkc̀oacblf�thfhm̂ ẁk�̀̂aljĵfihcblf�hfi�c]̂�_̀a]bĉacwk�̀̂kglfk̂�cl�̂ha]�̀̂qôkc�dbee�x̂�jhî�bf�d̀bcbfm�dbc]bf�hfy�cbĵ�ebjbck�hm̀̂ î�oglf�l̀�lc]̂ d̀bk̂�dbc]�̀̂hklfhxê�g̀ljgcf̂kkv�zn�hgg̀lg̀bhĉp�c]̂�_̀a]bĉac�dbee�g̀̂ gh̀̂�hfi�bkkô�koggêĵfche�s̀hdbfmk�hfi��ĝabnbahcblfk�bf�̀̂kglfk̂�cl�c]̂�̀̂qôkck�nl̀�bfnl̀jhcblfv�����������rlfc̀hacl̀wk�̀̂qôkck�nl̀�bfnl̀jhcblf�k]hee�x̂�g̀̂ gh̀̂i�hfi�koxjbcĉi�bf�haal̀ihfâ�dbc]�sb}bkblf�����̂acblf���̀l�̂ac�thfhm̂ĵfc�hfi�rll̀ibfhcblf�v�\]̂�_̀a]bĉac�dbee�̀̂còf�dbc]loc�hacblf�̀̂qôkck�nl̀�bfnl̀jhcblf�c]hc�il�flc�alfnl̀j�cl�c]̂�rlfc̀hac�slaoĵfckv�����Y�V��XZXZ�_��oxalfc̀hacl̀�bk�h�ĝ k̀lf�l̀�̂fcbcy�d]l�]hk�h�ib̀̂ac�alfc̀hac�dbc]�c]̂�rlfc̀hacl̀�cl�ĝ ǹl̀j�h�gl̀cblf�ln�c]̂�{l̀|�hc�c]̂�kbĉv�kbĉ�l̀�lc]̂ d̀bk̂�nòfbk]̂k�ehxl̀p�jhĉ̀bhekp�̂qobgĵfcp�l̀�lc]̂ �̀k̂̀}bâk�dbc]�̀̂kĝac�cl�c]̂�{l̀|v�\]̂�ĉ̀j���oxalfc̀hacl̀��bk�̀̂n̂̀`̂i�cl�c]̀lom]loc�c]̂�rlfc̀hac�slaoĵfck�hk�bn�kbfmoeh̀�bf�fojx̂ �̀hfi�ĵhfk�h��oxalfc̀hacl̀�l̀�hf�hoc]l̀b�̂i�̀̂g̀̂ k̂fchcb}̂�ln�c]̂��oxalfc̀hacl̀v�\]̂�ĉ̀j���oxalfc̀hacl̀��il̂k�flc�bfaeoî�lc]̂ �̀rlfc̀hacl̀k�l̀��̂gh̀hĉ�toecbgê��̀bĵ�rlfc̀hacl̀k�l̀�c]̂�koxalfc̀hacl̀k�ln�lc]̂ �̀rlfc̀hacl̀k�l̀��̂gh̀hĉ�toecbgê��̀bĵ�rlfc̀hacl̀kvV��XZXY�_��ox�koxalfc̀hacl̀�bk�h�ĝ k̀lf�l̀�̂fcbcy�d]l�]hk�h�ib̀̂ac�l̀�bfib̀̂ac�alfc̀hac�dbc]�h��oxalfc̀hacl̀�cl�ĝ ǹl̀j�h�gl̀cblf�ln�c]̂�{l̀|�hc�c]̂�kbĉv�kbĉ�l̀�lc]̂ d̀bk̂�nòfbk]̂k�ehxl̀p�jhĉ̀bhekp�̂qobgĵfcp�l̀�lc]̂ �̀k̂̀}bâk�dbc]�̀̂kĝac�cl�c]̂�dl̀|v�\]̂�ĉ̀j���ox�koxalfc̀hacl̀��bk�̀̂n̂̀`̂i�cl�c]̀lom]loc�c]̂�rlfc̀hac�slaoĵfck�hk�bn�kbfmoeh̀�bf�fojx̂ �̀hfi�ĵhfk�h��ox�koxalfc̀hacl̀�l̀�hf�hoc]l̀b�̂i�̀̂g̀̂ k̂fchcb}̂�ln�c]̂��ox�koxalfc̀hacl̀v�V��XYXZ��fêkk�lc]̂ d̀bk̂�kchĉi�bf�c]̂�rlfc̀hac�slaoĵfckp�c]̂�rlfc̀hacl̀p�hk�kllf�hk�g̀hacbahxê�slaoĵfck�l̀�c]̂�xbiibfm�̀̂qob̀̂ĵfckp�c]̂�rlfc̀hacl̀p�dbc]bf�ĉf������xokbf̂kk�ihyk�hnĉ̀�hdh̀i�ln�c]̂�rlfc̀hacp�k]hee�flcbny�c]̂�rlfkc̀oacblf�thfhm̂ p̀�nòfbk]�bf�d̀bcbfm�cl�c]̂�rlfkc̀oacblf�thfhm̂ �̀nl̀�̀̂}b̂d�xy�c]̂�udf̂ p̀�rlfkc̀oacblf�thfhm̂ �̀hfi�_̀a]bĉacp�ln�c]̂�ĝ k̀lfk�l̀�̂fcbcb̂k�g̀lglk̂i�nl̀�̂ha]�g̀bfabghe�gl̀cblf�ln�c]̂�{l̀|p�bfaeoibfm�_̀a]bĉac�
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WXY�Z[\Y]�̂_�̀Ya]̂Z]�̂a�YZWbWbY]�cbZdefgbZh�WX̂]Y�iX̂�[aY�Ŵ�_faZb]X�\[WYab[e]�̂a�Yjfb̀\YZW�_[kabd[WYg�Ŵ�[�]̀Ydb[e�gY]bhZl�mbWXbZ�no�g[p]�̂_�aYdYb̀W�̂_�WXY�bZ_̂a\[Wb̂Zq�WXY�r̂Z]WafdWb̂Z�s[Z[hYa�\[p�ẐWb_p�WXY�r̂ZWa[dŴa�gY]bhZt�à̀̂ ]̂Yg�_̂a�Y[dX�̀abZdb̀[e�̀̂ aWb̂Z�̂_�WXY�m âul�vXY�r̂Z]WafdWb̂Z�s[Z[hYa�\[p�aỲep�ibWXbZ�no�g[p]�Ŵ�WXY�r̂ZWa[dŴa�bZ�iabWbZh�]W[WbZh�cnt�iXYWXYa�WXY�wiZYaq�WXY�r̂Z]WafdWb̂Z�s[Z[hYa�̂a�WXY�xadXbWYdW�cnt�X[]�aY[]̂Z[keY�k̂yYdWb̂Z�Ŵ�[Zp�]fdX�̀ầ ]̂Yg�̀Ya]̂Z�̂a�YZWbWp�̂aq�czt�WX[W�WXY�r̂Z]WafdWb̂Z�s[Z[hYaq�xadXbWYdW�̂a�wiZYa�aYjfbaY]�[ggbWb̂Z[e�Wb\Y�_̂a�aY{bYil�|[befaY�̂_�WXY�r̂Z]WafdWb̂Z�s[Z[hYa�Ŵ�̀â{bgY�ẐWbdY�s[Z[hYaq�wiZYaq�̂a�xadXbWYdW�Ŵ�aỲep�ibWXbZ�WXY�no}g[p�̀Yab̂g�]X[ee�d̂Z]WbWfWY�ẐWbdY�̂_�Ẑ�aY[]̂Z[keY�̂kyYdWb̂Zl~���������_�WXY�wiZYaq�r̂Z]WafdWb̂Z�s[Z[hYa�̂a�xadXbWYdW�X[]�aY[]̂Z[keY�̂kyYdWb̂Z�Ŵ�[�̀Ya]̂Z�̂a�YZWbWp�̀ầ ]̂Yg�kp�WXY�r̂ZWa[dŴaq�WXY�r̂ZWa[dŴa�]X[ee�̀ầ ]̂Y�[ẐWXYa�Ŵ�iX̂\�WXY�wiZYaq�r̂Z]WafdWb̂Z�s[Z[hYa�̂a�xadXbWYdW�X[]�Ẑ�aY[]̂Z[keY�̂kyYdWb̂Zl��_�WXY�̀ầ ]̂Yg�kfW�aYyYdWYg��fkd̂ZWa[dŴa�i[]�aY[]̂Z[kep�d[̀[keY�̂_�̀Ya_̂a\bZh�WXY�m âuq�WXY�r̂ZWa[dW��f\�[Zg�r̂ZWa[dW�vb\Y�]X[ee�kY�bZdaY[]Yg�̂a�gYdaY[]Yg�kp�WXY�gb__YaYZdYq�b_�[Zpq�̂dd[]b̂ZYg�kp�]fdX�dX[ZhYq�[Zg�[Z�[̀ à̀̂ ab[WY�rX[ZhY�wagYa�]X[ee�kY�b]]fYg�kY_̂aY�d̂\\YZdY\YZW�̂_�WXY�]fk]WbWfWY��fkd̂ZWa[dŴa�]�m âul��̂iY{Yaq�Ẑ�bZdaY[]Y�bZ�WXY�r̂ZWa[dW��f\�̂a�r̂ZWa[dW�vb\Y�]X[ee�kY�[eêiYg�_̂a�]fdX�dX[ZhY�fZeY]]�WXY�r̂ZWa[dŴa�X[]�[dWYg�̀â\̀ Wep�[Zg�aY]̀ Ẑ]b{Yep�bZ�]fk\bWWbZh�Z[\Y]�[]�aYjfbaYgl��������vXY�r̂ZWa[dŴa�]X[ee�ẐW�]fk]WbWfWY�[��fkd̂ZWa[dŴaq�̀Ya]̂Zq�̀Ya]̂Z�̂a�YZWbWp�_̂a�̂ZY�̀aY{b̂f]ep�]YeYdWYg�b_�WXY�wiZYaq�r̂Z]WafdWb̂Z�s[Z[hYa�̂a�xadXbWYdW�\[uY]�aY[]̂Z[keY�̂kyYdWb̂Z�Ŵ�]fdX�]fk]WbWfWb̂Zl��������vXY�r̂ZWa[dŴa�]X[ee�̀Ya_̂a\�[W�eY[]W�WiYZWp}_b{Y�c����̀YadYZW�̂_�WXY�d̂]W�̂_�WXY�r̂ZWa[dW�cẐW�bZdefgbZh�WXY�d̂]W]�̂_�\[WYab[e]q�bZ]fa[ZdYq�k̂Zg]q�]fk\bWW[e]�[Zg�]b\be[a�bWY\]t�ibWX�bW]�̂iZ�Y\̀ êpYY]l~�p�[̀ à̀̂ ab[WY�iabWWYZ�[haYY\YZWq�[haYY\YZWq�iabWWYZ�iXYaY�eYh[eep�aYjfbaYg�_̂a�{[ebgbWpq�WXY�r̂ZWa[dŴa�]X[ee�aYjfbaY�Y[dX��fkd̂ZWa[dŴaq�Ŵ�WXY�Y�WYZW�̂_�WXY�m âu�Ŵ�kY�̀Ya_̂a\Yg�kp�WXY��fkd̂ZWa[dŴaq�Ŵ�kY�k̂fZg�Ŵ�WXY�r̂ZWa[dŴa�kp�WYa\]�̂_�WXY�r̂ZWa[dW��̂df\YZW]q�[Zg�Ŵ�[]]f\Y�Ŵi[ag�WXY�r̂ZWa[dŴa�[ee�WXY�̂kebh[Wb̂Z]�[Zg�aY]̀ Ẑ]bkbebWbY]q�bZdefgbZh�WXY�aY]̀ Ẑ]bkbebWp�_̂a�][_YWp�̂_�WXY��fkd̂ZWa[dŴa�]�m âuq�WX[W�iXbdX�WXY�r̂ZWa[dŴaq�kp�WXY]Y�r̂ZWa[dW��̂df\YZW]q�[]]f\Y]�Ŵi[ag�WXY�wiZYaq�r̂Z]WafdWb̂Z�s[Z[hYa�[Zg�xadXbWYdWl��[dX�]fkd̂ZWa[dW�[haYY\YZW�]X[ee�àY]Ya{Y�[Zg�̀âWYdW�WXY�abhXW]�̂_�WXY�wiZYaq�r̂Z]WafdWb̂Z�s[Z[hYa�[Zg�xadXbWYdW�fZgYa�WXY�r̂ZWa[dW��̂df\YZW]�ibWX�aY]̀YdW�Ŵ�WXY�m âu�Ŵ�kY�̀Ya_̂a\Yg�kp�WXY��fkd̂ZWa[dŴa�]̂�WX[W�]fkd̂ZWa[dWbZh�WXYaŶ_�ibee�ẐW�̀aYyfgbdY�]fdX�abhXW]q�[Zg�]X[ee�[eêi�Ŵ�WXY��fkd̂ZWa[dŴaq�fZeY]]�]̀Ydb_bd[eep�̀â{bgYg�̂WXYaib]Y�bZ�WXY�]fkd̂ZWa[dW�[haYY\YZWq�WXY�kYZY_bW�_̂�[ee�abhXW]q�aY\YgbY]q�aY\YgbY]�[Zg�aYgaY]]�[h[bZ]W�WXY�r̂ZWa[dŴa�WX[W�WXY�r̂ZWa[dŴaq�kp�WXY�r̂ZWa[dW��̂df\YZW]q�X[]�[h[bZ]W�WXY�wiZYal�mXYaY�[̀ à̀̂ ab[WYq�WXY�r̂ZWa[dŴa�]X[ee�aYjfbaY�Y[dX��fkd̂ZWa[dŴa�Ŵ�YZWYa�bZŴ�]b\be[a�[haYY\YZW]�ibWX��fk}]fkd̂ZWa[dŴa]l�vXY�r̂ZWa[dŴa�]X[ee�\[uY�[{[be[keY�Ŵ�Y[dX�̀ầ ]̂Yg��fkd̂ZWa[dŴaq�̀ab̂a�Ŵ�WXY�Y�YdfWb̂Z�̂_�WXY�]fkd̂ZWa[dW�[haYY\YZWq�d̂ b̀Y]�̂_�WXY�r̂ZWa[dW��̂df\YZW]�Ŵ�iXbdX�WXY��fkd̂ZWa[dŴa�ibee�kY�k̂fZgq�[Zgq�f̀ Ẑ�iabWWYZ�aYjfY]W�̂_�WXY��fkd̂ZWa[dŴaq�bgYZWb_p�Ŵ�WXY��fkd̂ZWa[dŴa�WYa\]�[Zg�d̂ZgbWb̂Z]�̂_�WXY�̀ầ ]̂Yg�]fkd̂ZWa[dW�[haYY\YZW�WX[W�\[p�kY�[W�{[ab[ZdY�ibWX�WXY�r̂ZWa[dW��̂df\YZW]l��fkd̂ZWa[dŴa]�ibee�]b\be[aep�\[uY�d̂ b̀Y]�̂_�[̀ èbd[keY�̀̂ aWb̂Z]�̂_�]fdX�ĝdf\YZW]�[{[be[keY�Ŵ�WXYba�aY]̀YdWb{Y�̀ầ ]̂Yg��fk}]fkd̂ZWa[dŴa]l��������� []]bhZ\YZW�b]�Y__YdWb{Y�̂Zep�[_WYa�WYa\bZ[Wb̂Z�̂_�WXY�r̂ZWa[dW�kp�WXY�wiZYa�_̂a�d[f]Y�̀fa]f[ZW�Ŵ��YdWb̂Z�nolz�[Zg�̂Zep�_̂a�WX̂]Y�]fkd̂ZWa[dW�[haYY\YZW]�WX[W�WXY�wiZYa�[ddỲW]�kp�ẐWb_pbZh�WXY��fkd̂ZWa[dŴa�[Zg�r̂ZWa[dŴa��r̂ZWa[dŴa�bZ�iabWbZh��[Zg~���������̀ Ẑ�]fdX�[]]bhZ\YZW�Ŵ�WXY�wiZYa�fZgYa�WXb]��YdWb̂Z��loq�WXY�wiZYa�\[p�_faWXYa�[]]bhZ�WXY�]fkd̂ZWa[dW�Ŵ�[�]fddY]]̂a�r̂ZWa[dŴa�̂a�̂WXYa�YZWbWpl��_�WXY�wiZYa�[]]bhZ]�WXY�]fkd̂ZWa[dW�Ŵ�[�]fddY]]̂a�r̂ZWa[dŴa�̂a�̂WXYa�YZWbWpq�WXY�wiZYa�]X[ee�ZY{YaWXYeY]]�aY\[bZ�eYh[eep�aY]̀ Ẑ]bkeY�_̂a�[ee�̂_�WXY�]fddY]]̂a�r̂ZWa[dŴa�]�̂kebh[Wb̂Z]�fZgYa�WXY�]fkd̂ZWa[dWl�
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WXYZ[\]�̂���[_̀aYXb[YZ_̀�cd�_è ]X�_X�cd�a]fWXWY]�[_̀YXW[Y_XaWXYZ[\]�̂���[_̀aYXb[YZ_̀�cd�_è ]X�_X�cd�_Yg]X�[_̀YXW[Y_Xah�̂ijij�klm�nopmq�qmrmqsmr�tlm�quvlt�tw�xmqywqz�{wprtq|{tuwp�wq�wxmq}tuwpr�qm~}tm��tw�tlm��qw�m{t�outl�tlm�nopmq�r�wop�ywq{mr��}p��outl��mx}q}tm��wptq}{twqr�qmt}upm��|p�mq��wp�utuwpr�wy�tlm��wptq}{t�r|�rt}ptu}~~��ruzu~}q�tw�tlwrm�wy�tlur��wptq}{t��up{~|�upv�tlwrm�xqwsuruwpr�wy�tlm��wp�utuwpr�wy�tlm��wptq}{t�olu{l�up{~|�m�xmqrwpr�wq�mptutumr�|p�mq�rmx}q}tm�{wptq}{tr�pwt�}�zupurtmqm�����tlm��wprtq|{tuwp��}p}vmq��}p��tw�}o}q��wtlmq�{wptq}{tr�up�{wppm{tuwp�outl�wtlmq�xwqtuwpr�wy�tlm��qw�m{t�wq�wtlmq�{wprtq|{tuwp�wq�wxmq}tuwpr�wp�tlm�rutm�|p�mq��wp�utuwpr�wy�tlm��wptq}{t�u�mptu{}~�wq�r|�rt}ptu}~~��ruzu~}q�tw�tlmrm�up{~|�upv�tlwrm�xwqtuwpr�qm~}tm��tw�upr|q}p{m�}p��o}usmq�wy�r|�qwv}tuwp���y�tlm��wptq}{twq�{~}uzr�tl}t��m~}��wq�}��utuwp}~�{wrt�ur�upsw~sm���m{}|rm�wy�r|{l�}{tuwp����tlm�nopmq��tlm��wptq}{twq�rl}~~�z}�m�r|{l��~}uz�}r�xqwsu�m��up��qtu{~m����h�̂iji���lmp�tlm�nopmq�xmqywqzr�{wprtq|{tuwp�wq�wxmq}tuwpr�outl�tlm�nopmq�r�wop�ywq{mr�wq��mx}q}tm��wptq}{twqr��up{~|�upv�xmqrwpr�wq�mptutumr�|p�mq�rmx}q}tm�{wptq}{tr�pwt�}�zupurtmqm�����tlm��wprtq|{tuwp��}p}vmq��tlm�nopmq�rl}~~�xqwsu�m�ywq�{wwq�up}tuwp�wy�r|{l�ywq{mr�}p���mx}q}tm��wptq}{twqr�outl�tlm��wq��wy�tlm��wptq}{twq��olw�rl}~~�{wwxmq}tm�outl�tlmz�h�̂iji���p~mrr�wtlmqourm�xqwsu�m��up�tlm��wptq}{t��w{|zmptr��olmp�tlm�nopmq�xmqywqzr�{wprtq|{tuwp�wq�wxmq}tuwpr�qm~}tm��tw�tlm��qw�m{t�outl�tlm�nopmq�r�wop�ywq{mr�wq�outl��mx}q}tm��wptq}{twqr��tlm�nopmq�wq�utr��mx}q}tm��wptq}{twqr�rl}~~�l}sm�tlm�r}zm�w�~uv}tuwpr�}p��quvltr�tl}t�tlm��wptq}{twq�l}r�ywq{mr��tlm�nopmq�rl}~~��m��mmzm��tw��m�r|��m{t�tw�tlm�r}zm�w�~uv}tuwpr�}p��tw�l}sm�tlm�r}zm�quvltr�tl}t�}xx~��tw�tlm��wptq}{twq�|p�mq�tlm��wp�utuwpr�wy�tlm��wptq}{t��up{~|�upv��outlw|t�m�{~|�upv�wtlmqr��tlwrm�rt}tm��up��qtu{~m����tlur��qtu{~m����}p���qtu{~mr������������}p������h�̂i�ij�klm��wptq}{twq�rl}~~�}yywq��tlm�nopmq�r�wop�ywq{mr���mx}q}tm��wptq}{twqr���wprtq|{tuwp��}p}vmq�}p��wtlmq��|~tux~m��quzm��wptq}{twqr�qm}rwp}�~m�wxxwqt|put��ywq�uptqw�|{tuwp�}p��rtwq}vm�wy�tlmuq�z}tmqu}~r�}p��m�|uxzmpt�}p��xmqywqz}p{m�wy�tlmuq�}{tusutumr��}p��rl}~~�{wppm{t�}p��{wwq�up}tm�tlm��wptq}{twq�r�{wprtq|{tuwp�}p��wxmq}tuwpr�outl�tlmuqr�}r�qm�|uqm�����tlm��wptq}{t��w{|zmptr�h�̂i�i���y�x}qt�wy�tlm��wptq}{twq�r��wq���mxmp�r�ywq�xqwxmq�m�m{|tuwp�wq�qmr|~tr�|xwp�{wprtq|{tuwp�wq�wxmq}tuwpr����tlm�nopmq�r�wop�ywq{mr���mx}q}tm��wptq}{twqr�ywq{mr�wq�wtlmq��|~tux~m��quzm��wptq}{twqr��tlm��wptq}{twq�rl}~~��xquwq�tw�xqw{mm�upv�outl�tl}t�xwqtuwp�wy�tlm��wq���xqwzxt~��pwtuy��tlm��wprtq|{tuwp��}p}vmq�}p���q{lutm{t�wy�}xx}qmpt��ur{qmx}p{umr�wq��mym{tr�up�tlm�{wprtq|{tuwp�wq�wxmq}tuwpr����tlm�nopmq�wq��mx}q}tm��wptq}{twq�wq�wtlmq��wptq}{twqr�qmxwqt�tw�tlm��wprtq|{tuwp��}p}vmq�}p���q{lutm{t�}xx}qmpt��ur{qmx}p{umr�wq��mym{tr�up�r|{l�wtlmq�{wprtq|{tuwp�tl}t�ow|~��qmp�mq�ut�|pr|ut}�~m�ywq�xqwxmq�m�m{|tuwp�}p��qmr|~tr�wy�tlm��wptq}{twq�r��wq����}u~|qm�wy�tlm��wptq}{twq�tw�pwtuy��tlm��wprtq|{tuwp��}p}vmq�}p��tlm��q{lutm{t�wy�}xx}qmpt��ur{qmx}p{umr�wq��mym{tr�xquwq�tw�xqw{mm�upv�outl�tlm��wq��r|{l�xqwxmq�m�m{|tuwp�}p��qmr|~tr���}u~|qm�wy�tlm��wptq}{twq�rw�tw�qmxwqt�rl}~~�{wprtut|tm�}p�}{�pwo~m�vzmpt�tl}t�tlm�nopmq�r�wq��mx}q}tm��wptq}{twq�r�wq�wtlmq�wop�ywq{mr�wq�wtlmq��|~tux~m��quzm��wptq}{twqr��{wzx~mtm��wq�x}qtu}~~��{wzx~mtm��{wprtq|{tuwp�ur�yut�}p��xqwxmq�tw�qm{musm�tlm��wptq}{twq�r��wq���klm��wptq}{twq�rl}~~�pwt��m�qmrxwpru�~m�ywq��ur{qmx}p{umr�wq��mym{tr�up�tlm�{wprtq|{tuwp�wq�wxmq}tuwpr����tlm�nopmq�wq��mx}q}tm��wptq}{twqr�wq�wtlmq��wptq}{twqr�tl}t�}qm�pwt�}xx}qmpt��wq���m�{mxt�}r�tw��mym{tr�pwt�tlmp�qm}rwp}�~���ur{wsmq}�~m�h�̂i�i��klm��wptq}{twq�rl}~~�qmuz�|qrm�tlm�nopmq�ywq�{wrtr�tlm�nopmq�up{|qr��up{~|�upv�{wrtr�tl}t�}qm�x}�}�~m�tw�}��mx}q}tm��wptq}{twqr�rmx}q}tm�{wptq}{twq�wq�tw�wtlmq��wptq}{twqr���|~tux~m��quzm��wptq}{twqr��m{}|rm�wy�tlm��wptq}{twq�r��m~}�r��uzxqwxmq~��tuzm��}{tusutumr�wq��mym{tusm�{wprtq|{tuwp��klm�nopmq�rl}~~��m�qmrxwpru�~m�tw�tlm��wptq}{twq�ywq�{wrtr�tlm��wptq}{twq�up{|qr��m{}|rm�wy��m~}�r��uzxqwxmq~��tuzm��}{tusutumr���}z}vm�tw�tlm��wq��wq��mym{tusm�{wprtq|{tuwp����tlm�nopmq�r�wop�ywq{mr���mx}q}tm��wptq}{twqr��wq�wtlmq��wptq}{twqr�h�̂i�i��klm��wptq}{twq�rl}~~�xqwzxt~��qmzm����}z}vm�tl}t�tlm��wptq}{twq�oqwpvy|~~��{}|rmr�tw�{wzx~mtm��wq�x}qtu}~~��{wzx~mtm��{wprtq|{tuwp��{wprtq|{tuwp�wq�tw�xqwxmqt��wy�tlm�nopmq���mx}q}tm��wptq}{twqr��wq�wtlmq�rmx}q}tm�{wptq}{twqr��wq�wtlmq��|~tux~m��quzm��wptq}{twqr�}r�xqwsu�m��up��m{tuwp��������h�̂i�i��klm�nopmq���mx}q}tm��wptq}{twqr��nopmq�}p��wtlmq��|~tux~m��quzm��wptq}{twqr�rl}~~�l}sm�tlm�r}zm�qmrxwpru�u~utumr�ywq�{|ttupv�}p��x}t{lupv�}r�}qm��mr{qu�m��ywq�tlm��wptq}{twq�up��m{tuwp������fW�]�� 
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WX�Y�Z[\]̂_̀�Ya[\̀\�Ybcde�_f̀�gcd_aYh_cai�j̀]YaY_̀�gcd_aYh_ca\i�c_f̀a�gcd_aYh_ca\i�c_f̀a�k l̂_[]l̀�ma[b̀�gcd_aYh_ca\�YdZ�_f̀�nod̀a�Y\�_c�_f̀�à\]cd\[p[l[_q�̂dZ̀a�_f̀[a�à\]̀h_[r̀�hcd_aYh_\�Xca�bY[d_Y[d[de�_f̀�]àb[\̀\�YdZ�\̂aaĉdZ[de�YàY�Xà̀�Xacb�oY\_̀�bY_̀a[Yl\�YdZ�âpp[\fi�_f̀�nod̀a�bYq�hl̀Yd�̂]�YdZ�_f̀�gcd\_âh_[cd�kYdYèai�o[_f�dc_[h̀�_c�_f̀�sahf[_̀h_i�o[ll�YllchY_̀�_f̀�hc\_�Ybcde�_fc\̀�à\]cd\[pl̀tuv�wxyxz�s�gfYdè�naZ̀a�\fYll�p̀�pY\̀Z�̂]cd�Yeà̀ b̀d_�Ybcde�_f̀�nod̀ai�gcd\_âh_[cd�kYdYèai�sahf[_̀h_�YdZ�gcd_aYh_cat�s�gcd_aYh_ca{�Y�gcd\_âh_[cd�gfYdè�|[àh_[r̀�à}̂[à\�Yeà̀ b̀d_�pq�_f̀�nod̀ai�gcd\_âh_[cd�kYdYèa�YdZ�sahf[_̀h_�YdZ�bYq�ca�bYq�dc_�p̀�Yeà̀Z�_c�pq�_f̀�gcd_aYh_cat�sd�gcd_aYh_ca{�Yd�caZ̀a�Xca�Y�b[dca�hfYdè�[d�_f̀�~ca��bYq�p̀�[\\̂ Z̀�pq�_f̀�sahf[_̀h_�Ylcd̀tv�wxyx��gfYdè\�[d�_f̀�~ca��\fYll�p̀�]̀aXcab̀Z�̂dZ̀a�Y]]l[hYpl̀�]acr[\[cd\�cX�_f̀�gcd_aYh_�|cĥb̀d_\t��f̀�gcd_aYh_ca�\fYll�]ach̀ Z̀�]acb]_lq�o[_f�hfYdè\�[d�_f̀�~ca�i�|cĥb̀d_\i�YdZ�_f̀�gcd_aYh_ca�\fYll�]ach̀ Z̀�]acb]_lqi�d̂l̀\\�c_f̀ao[\̀�]acr[Z̀Z�[d�_f̀�gfYdè�naZ̀ai�gcd\_âh_[cd�gfYdè�|[àh_[r̀i�|[àh_[r̀�ca�caZ̀a�Xca�Y�b[dca�hfYdè�[d�_f̀�~ca�t���������f̀�YllcoYdh̀�Xca�_f̀�hcbp[d̀Z�cr̀af̀YZ�YdZ�]acX[_�[dhl̂Z̀Z�[d�_f̀�_c_Yl�hc\_�_c�_f̀�nod̀a�\fYll�p̀�Y\�Xcllco\�����[r̀�]̀ah̀d_������cX�_f̀�hc\_\�cX�lYpca�YdZ�bY_̀a[Yl�Xca�cr̀af̀YZt���sd�YZZ[_[cdYl�_̀d�]̀ah̀d_�������cX�_f̀�rYl̂̀�cX�lYpca�YdZ�bY_̀a[Yl\�Xca�]acX[_t�~f̀d�gcd_aYh_ca�̂\̀\�[_\�ĵphcd_aYh_ca�_c�]̀aXcab�_f̀�oca�i�cr̀af̀YZ�YdZ�]acX[_�\fYll�p̀�Z̀_̀ab[d̀Z�Y_�X[r̀�]̀ah̀d_������cX�_f̀�ĵphcd_aYh_ca�\�hc\_�Xca�lYpcai�̀}̂[]b̀d_�YdZ�bY_̀a[Yl\i�[X�Ydqt����f̀�YllcoYdh̀�Xca�_f̀�hcbp[d̀�cr̀af̀YZ�YdZ�]acX[_��Xca�gcd_aYh_cai�\̂phcd_aYh_cai�\̂]]l[̀a\�YdZ�hcd_aYh_ca\�cX�Y�lcòa�_[̀a��[dhl̂Z̀Z�[d�_f̀�_c_Yl�hc\_�_c�_f̀�nod̀a�hYddc_�̀�h̀ Z̀�Y�bY�[b̂ b�X̀̀�cX�X[X_̀̀d�]̀ah̀d_�������cX�_f̀�hc\_t����f̀�YZZ[_[cdYl�pcdZ�hfYaè\�Xca�_f̀�_c_Yl�hfYdè�caZ̀ai�_oc�]̀ah̀d_������cX�_f̀�hc\_�\fYll�Yl\c�Y]]lq�_c�|̀Ẑh_�gfYdè�caZ̀a\t�us�gfYdè�naZ̀a�[\�Y�oa[__̀d�[d\_âb̀d_�]à]YàZ�pq�_f̀�gcd\_âh_[cd�kYdYèa�YdZ�\[ed̀Z�pq�_f̀�nod̀ai�gcd\_âh_[cd�kYdYèai�sahf[_̀h_i�sahf[_̀h_�YdZ�gcd_aYh_cai�\_Y_[de�_f̀[a�Yeà̀ b̀d_�̂]cd�Yll�cX�_f̀�Xcllco[de�uv�wx�xy�s�gcd\_âh_[cd�gfYdè�|[àh_[r̀�[\�Y�oa[__̀d�caZ̀a�]à]YàZ�pq�_f̀�gcd\_âh_[cd�kYdYèa�YdZ�\[ed̀Z�pq�_f̀�nod̀ai�gcd\_âh_[cd�kYdYèa�YdZ�sahf[_̀h_i�Z[àh_[de�Y�hfYdè�[d�_f̀�~ca��]a[ca�_c�Yeà̀ b̀d_�cd�YZ�̂\_b̀d_i�[X�Ydqi�[d�_f̀�gcd_aYh_�ĵb�ca�gcd_aYh_��[b̀i�ca�pc_ft��f̀�nod̀a�bYq�pq�gcd\_âh_[cd�gfYdè�|[àh_[r̀i�o[_fĉ_�[drYl[ZY_[de�_f̀�gcd_aYh_i�caZ̀a�hfYdè\�[d�_f̀�~ca��o[_f[d�_f̀�èd̀aYl�\hc]̀�cX�_f̀�gcd_aYh_�hcd\[\_[de�cX�YZZ[_[cd\i�Z̀l̀_[cd\i�Z̀l̀_[cd\�ca�c_f̀a�àr[\[cd\i�_f̀�gcd_aYh_�ĵb�YdZ�gcd_aYh_��[b̀�p̀[de�YZ�̂\_̀Z�YhhcaZ[delqt�����z�x� s\�]acr[Z̀Z�[d�j̀h_[cd��t�t�t�t�t�tv�wx�x��WX�_f̀�gcd_aYh_ca�Zc̀\�dc_�à\]cdZ�]acb]_lq�ca�Z[\Yeà̀\�o[_f�_f̀�b̀_fcZ�Xca�YZ�̂\_b̀d_�[d�_f̀�gcd_aYh_�ĵbi�_f̀�gcd\_âh_[cd�kYdYèa�\fYll�Z̀_̀ab[d̀�_f̀�YZ�̂\_b̀d_�cd�_f̀�pY\[\�cX�àY\cdYpl̀�̀�]̀dZ[_̂à\�YdZ�\Yr[de\�cX�_fc\̀�]̀aXcab[de�_f̀�~ca��Y__a[p̂_Ypl̀�_c�_f̀�hfYdèi�[dhl̂Z[dei�[d�hY\̀�cX�Yd�[dhàY\̀�[d�_f̀�gcd_aYh_�ĵbi�Yd�Ybĉd_�Xca�cr̀af̀YZ�YdZ�]acX[_�Y\�\̀_�Xca_f�[d�_f̀�seà̀ b̀d_i�ca�[X�dc�\̂hf�Ybĉd_�[\�\̀_�Xca_f�[d�_f̀�seà̀ b̀d_i�Y�àY\cdYpl̀�Ybĉd_t�Wd�\̂hf�hY\̀i�YdZ�Yl\c�̂dZ̀a�j̀h_[cd��t�t�t�i�_f̀�gcd_aYh_ca�\fYll��̀ ]̀�YdZ�]à\̀d_i�[d�\̂hf�Xcab�Y\�_f̀�gcd\_âh_[cd�kYdYèa�bYq�]à\ha[p̀i�Yd�[_̀b[�̀Z�Yhhĉd_[de�_cè_f̀a�o[_f�Y]]ac]a[Y_̀�\̂]]ca_[de�ZY_Yt� dl̀\\�c_f̀ao[\̀�]acr[Z̀Z�[d�_f̀�gcd_aYh_�|cĥb̀d_\i�hc\_\�Xca�_f̀�]̂a]c\̀\�cX�_f[\�j̀h_[cd��t�t��\fYll�p̀�l[b[_̀Z�_c�_f̀�Xcllco[de�xy gc\_\�cX�lYpcai�[dhl̂Z[de�Y]]l[hYpl̀�]Yqacll�_Y�̀\i�Xa[dè�p̀d̀X[_\�à}̂[àZ�pq�Yeà̀ b̀d_�ca�ĥ\_cbi�oca�̀a\��hcb]̀d\Y_[cd�[d\̂aYdh̀i�YdZ�c_f̀a�̀b]lcq̀ �̀hc\_\�Y]]acr̀Z�pq�_f̀�gcd\_âh_[cd�kYdYèa�YdZ�sahf[_̀h_{
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WX YZ[\[�Z]�̂_\̀ab_c[d�[effcb̀[d�_gh�̀iebf̂ g̀\d�bgjcehbgk�jZ[\�Z]�\a_g[fZa\_\bZgd�lm̀\m̀a�bgjZafZa_\̀h�Za�jZg[ê h̀nWo p̀g\_c�jZ[\[�Z]�̂_jmbg̀aq�_gh�̀iebf̂ g̀\d�̀rjce[bs̀�Z]�m_gh�\ZZc[d�lm̀\m̀a�àg\̀h�]aẐ �\m̀�YZg\a_j\Za�Za�Z\m̀a[nWt YZ[\[�Z]�fà̂ bê [�]Za�_cc�uZgh[�_gh�bg[ea_gj̀d�f̀âb\�]̀̀[d�_gh�[_c̀[d�e[̀d�Za�[b̂bc_a�\_r̀[d�hbàj\cq�àc_\̀h�\Z�\m̀�jm_gk̀n�_ghWv YZ[\[�Z]�[ef̀asb[bZg�_gh�]b̀ch�Z]]bj̀�f̀a[Zgg̀c�hbàj\cq�_\\abue\_uc̀�\Z�\m̀�jm_gk̀wegb\�fabj̀[�_à�[\_\̀h�bg�\m̀�YZg\a_j\�xZjê g̀\[�Za�[eu[̀ièg\cq�_kà̀h�efZgd�_gh�b]�ie_g\b\b̀[�Zabkbg_ccq�jZg\̀̂ fc_\̀h�_à�̂_\̀ab_ccq�jm_gk̀h�bg�_�faZfZ[̀h�Ym_gk̀�yah̀a�Za�YZg[\aej\bZg�Ym_gk̀�xbàj\bs̀�[Z�\m_\�_ffcbj_\bZg�Z]�[ejm�egb\�fabj̀[�\Z�ie_g\b\b̀[�Z]�zZa{�faZfZ[̀h�lbcc�j_e[̀�[eu[\_g\b_c�bg̀ieb\q�\Z�\m̀�ylg̀a�Za�YZg\a_j\Zad�\m̀�_ffcbj_uc̀�egb\�fabj̀[�[m_cc�ù�̀ieb\_ucq�_h|e[\̀hw}�~WoWv��]�\m̀�YZg\a_j\Za�hb[_kà̀[�lb\m�\m̀�_h|e[\̂ g̀\�bg�\m̀�YZg\a_j\��b̂ d̀�\m̀�YZg\a_j\Za�̂_q�̂_{̀�_�Yc_b̂�bg�_jjZah_gj̀�lb\m�_ffcbj_uc̀�faZsb[bZg[�Z]��a\bjc̀���w�fZg�àj̀bf\�Z]�_�YZg[\aej\bZg�Ym_gk̀�xbàj\bs̀d�\m̀�YZg\a_j\Za�[m_cc�faẐ f\cq�faZj̀ h̀�lb\m�\m̀�jm_gk̀�bg�\m̀�zZa{�bgsZcs̀h�_gh�_hsb[̀�\m̀�YZg[\aej\bZg��_g_k̀a�_gh��ajmb\̀j\�Z]�\m̀�YZg\a_j\Za�[�_kà̀ ^̀g\�Za�hb[_kà̀ ^̀g\�lb\m�\m̀�̂ \̀mZhd�b]�_gqd�faZsbh̀h�bg�\m̀�YZg[\aej\bZg�Ym_gk̀�xbàj\bs̀�]Za�h̀\̀âbgbgk�\m̀�faZfZ[̀h�_h|e[\̂ g̀\�bg�\m̀�YZg\a_j\��ê �Za�YZg\a_j\��b̂ ẁ}�~WoW���fZg�àj̀bf\�Z]�_�YZg[\aej\bZg�Ym_gk̀�xbàj\bs̀d�\m̀�YZg\a_j\Za�[m_cc�faẐ f\cq�faZj̀ h̀�lb\m�\m̀�jm_gk̀�bg�\m̀�zZa{�bgsZcs̀h�_gh�_hsb[̀�\m̀�YZg[\aej\bZg��_g_k̀a�Z]�\m̀�YZg\a_j\Za�[�_kà̀ ^̀g\�Za�hb[_kà̀ ^̀g\�lb\m�\m̀�̂ \̀mZhd�b]�_gqd�faZsbh̀h�bg�\m̀�YZg[\aej\bZg�Ym_gk̀�xbàj\bs̀�]Za�h̀\̀âbgbgk�\m̀�faZfZ[̀h�_h|e[\̂ g̀\�bg�\m̀�YZg\a_j\��ê �Za�YZg\a_j\��b̂ ẁ��YZg[\aej\bZg�Ym_gk̀�xbàj\bs̀�[bkg̀h�uq�\m̀�YZg\a_j\Za�bghbj_\̀[�\m̀�YZg\a_j\Za�[�_kà̀ ^̀g\�\m̀àlb\md�bgjcehbgk�_h|e[\̂ g̀\�bg�YZg\a_j\��ê �_gh�YZg\a_j\��b̂ �̀Za�\m̀�̂ \̀mZh�]Za�h̀\̀âbgbgk�\m̀ ŵ��ejm�_kà̀ ^̀g\�[m_cc�ù�̀]]̀j\bs̀�b̂^̀hb_\̀cq�_gh�[m_cc�ù�àjZah̀h�_[�_�Ym_gk̀�yah̀aw}�~WoW~���YZg[\aej\bZg�Ym_gk̀�xbàj\bs̀�[bkg̀h�uq�\m̀�YZg\a_j\Za�bghbj_\̀[�\m̀�YZg\a_j\Za�[�_kà̀ ^̀g\�\m̀àlb\md�bgjcehbgk�_h|e[\̂ g̀\�bg�YZg\a_j\��ê �_gh�YZg\a_j\��b̂ �̀Za�\m̀�̂ \̀mZh�]Za�h̀\̀âbgbgk�\m̀ ŵ��ejm�_kà̀ ^̀g\�[m_cc�ù�̀]]̀j\bs̀�b̂^̀hb_\̀cq�_gh�[m_cc�ù�àjZah̀h�_[�_�Ym_gk̀�yah̀aw�]�\m̀�YZg\a_j\Za�hZ̀[�gZ\�à[fZgh�faẐ f\cq�Za�hb[_kà̀[�lb\m�\m̀�̂ \̀mZh�]Za�_h|e[\̂ g̀\�bg�\m̀�YZg\a_j\��ê d�\m̀�YZg[\aej\bZg��_g_k̀a�[m_cc�h̀\̀âbg̀�\m̀�̂ \̀mZh�_gh�\m̀�_h|e[\̂ g̀\�Zg�\m̀�u_[b[�Z]�à_[Zg_uc̀�̀rf̀ghb\eà[�_gh�[_sbgk[�Z]�\mZ[̀�f̀a]Zâbgk�\m̀�zZa{�_\\abue\_uc̀�\Z�\m̀�jm_gk̀d�bgjcehbgkd�bg�j_[̀�Z]�_g�bgjà_[̀�bg�\m̀�YZg\a_j\��ê d�_g�_̂Zeg\�]Za�Zs̀am̀_h�_gh�faZ]b\�_[�[̀\�]Za\m�bg�\m̀��kà̀ ^̀g\d�Za�b]�gZ�[ejm�_̂Zeg\�b[�[̀\�]Za\m�bg�\m̀��kà̀ ^̀g\d�_�à_[Zg_uc̀�_̂Zeg\w��g�[ejm�j_[̀d�_gh�_c[Z�egh̀a��̀j\bZg��w�w�w�d�\m̀�YZg\a_j\Za�[m_cc�{̀ f̀�_gh�fà[̀g\d�bg�[ejm�]Zâ�_[�\m̀�YZg[\aej\bZg��_g_k̀a�̂_q�fà[jabùd�_g�b\̀̂ b�̀h�_jjZeg\bgk�\Zk̀\m̀a�lb\m�_ffaZfab_\̀�[effZa\bgk�h_\_w��gc̀[[�Z\m̀alb[̀�faZsbh̀h�bg�\m̀�YZg\a_j\�xZjê g̀\[d�jZ[\[�]Za�\m̀�feafZ[̀[�Z]�\mb[��̀j\bZg��w�w��[m_cc�ù�cb̂b\̀h�\Z�\m̀�]ZccZlbgk�W� YZ[\[�Z]�c_uZad�bgjcehbgk�[Zjb_c�[̀jeab\q�_gh�eg̀ f̂cZq̂ g̀\�bg[ea_gj̀d�]abgk̀�ùg̀]b\[�àiebàh�uq�_kà̀ ^̀g\�Za�je[\Ẑ d�_gh�lZa{̀a[�jẐ f̀g[_\bZg�bg[ea_gj̀�hbàj\cq�àc_\̀h�\Z�\m̀�zZa{nWX YZ[\[�Z]�̂_\̀ab_c[d�[effcb̀[�_gh�̀iebf̂ g̀\d�bgjcehbgk�jZ[\�Z]�\a_g[fZa\_\bZg��gZ\�gZâ_c�jẐ ê\̀�\Z�lZa{�s̀mbjc̀[�d�\Z�\m̀��aZ|̀j\�[b\̀d�hbàj\cq�àc_\̀h�\Z�\m̀�zZa{d�lm̀\m̀a�bgjZafZa_\̀h�Za�jZg[ê h̀nWo p̀g\_c�jZ[\[�Z]�̂_jmbg̀aq�_gh�̀iebf̂ g̀\d�̀rjce[bs̀�Z]�m_gh�\ZZc[�_gh�̀iebf̂ g̀\�gZâ_ccq�̀gjê ùàh�\Z�f̀a]Zâ�\m̀�lZa{d�lm̀\m̀a�àg\̀h�]aẐ �\m̀�YZg\a_j\Za�Za�Z\m̀a[w�����X��m̀��ajmb\̀j\�̂_q�m_[�_e\mZab\q�\Z�Zah̀a�̂bgZa�jm_gk̀[�bg�\m̀�zZa{�\m_\�_à�jZg[b[\̀g\�lb\m�\m̀�bg\̀g\�Z]�\m̀�YZg\a_j\�xZjê g̀\[�_gh�hZ�gZ\�bgsZcs̀�_g�gZ\�bgsZcsbgk�_h|e[\̂ g̀\�bg�\m̀�YZg\a_j\��ê �Za�_g�̀r\̀g[bZg�Z]�\m̀�YZg\a_j\��b̂ ẁ��m̀��ajmb\̀j\�[�Zah̀a�]Za�̂bgZa�jm_gk̀[�[m_cc�ù�bg�lab\bgkw��]�\m̀�YZg\a_j\Za�ùcb̀s̀[�\m_\�\m̀�faZfZ[̀h�̂bgZa�jm_gk̀�bg�\m̀�zZa{�lbcc�_]]̀j\�\m̀�YZg\a_j\��ê �Za�YZg\a_j\��b̂ d̀�\m̀�YZg\a_j\Za�[m_cc�gZ\b]q�\m̀�YZg[\aej\bZg��_g_k̀a�_gh�[m_cc�gZ\�faZj̀ h̀�\Z�b̂fc̀̂ g̀\�\m̀�jm_gk̀�bg�\m̀�zZa{w��]�\m̀�YZg\a_j\Za�f̀a]Zâ[�\m̀�zZa{�[̀\�]Za\m�bg�\m̀��ajmb\̀j\�[�Zah̀a�]Za�_�̂bgZa�jm_gk̀�lb\mZe\�fabZa�gZ\bj̀�\Z�\m̀�YZg[\aej\bZg��_g_k̀a�\m_\�[ejm�jm_gk̀�lbcc�_]]̀j\�\m̀�YZg\a_j\��ê �Za�YZg\a_j\��b̂ d̀�\m̀�YZg\a_j\Za�l_bs̀[�_gq�_h|e[\̂ g̀\�\Z�\m̀�YZg\a_j\��ê �Za�̀r\̀g[bZg�Z]�\m̀�YZg\a_j\��b̂ ẁ̀r\̀g[bZg�Z]�\m̀�YZg\a_j\��b̂ �̀_gh�gZ\�bgjZg[b[\̀g\�lb\m�\m̀�bg\̀g\�Z]�\m̀�YZg\a_j\�xZjê g̀\[w��ejm�jm_gk̀[�lbcc�ù�̀]]̀j\̀h�uq�lab\\̀g�Zah̀a�b[[èh�\maZekm�\m̀�YZg[\aej\bZg��_g_k̀a�_gh�[m_cc�ù�ubghbgk�Zg�\m̀�ylg̀a�_gh�YZg\a_j\Zaw��
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W�XYZY[�\]̂�_̀â�bc�defgàhaìj�kblmĵaibh�ig�a]̂�_̀â�n̂oaicî_�fp�a]̂�qon]iâna�ih�̀nnbo_̀hn̂�ria]�d̂naibh�stut�\]̂�vbow�bc�a]ig�xobŷna�g]̀jj�f̂�gefgàhaìjjp�nblmĵâ�bh�bo�f̂cbô�a]̂�_̀âg�ih_iǹâ_�ih�ziĵgabĥ�kbhgaoenaibh�dn]̂_eĵ�cbo�a]bĝ�mboaibhg�bc�a]̂�vbow�gb�gaimej̀â_t��qnaèj�_̀l̀ {̂g�l̀p�f̂�̀gĝgĝ_�fp�a]̂�|rĥo�ic�gm̂nicî_�nblmĵaibh�_̀âg�̀ô�hba�̀_]̂ô_�ab�fp�a]̂�kbhaònabot}W�XY~YZ�\il̂�jiliag�gàâ_�ih�a]̂�kbhaòna��bnel̂hag�̀ô�bc�a]̂�̂gĝhn̂�bc�a]̂�kbhaònat��p�̂�̂neaih{�a]̂�q{ô̂ l̂ha��q{ô̂ l̂ha�a]̂�kbhaònabo�nbhciolg�a]̀a�a]̂�kbhaòna�\il̂�ig�̀�ồgbh̀fĵ�m̂oib_�cbo�m̂ocbolih{�a]̂�vbowtW�XY~Y~�\]̂�kbhaònabo�g]̀jj�hba�whbrih{jp��̂�n̂ma�fp�̀{ô̂ l̂ha�bo�ihgaoenaibh�bc�a]̂�|rĥo�ih�roiaih{��nbll̂hn̂�a]̂�vbow�môl̀aeôjp�nbll̂hn̂�bm̂òaibhg�bh�a]̂�giâ�bo�̂jĝr]̂ô�moibo�ab�a]̂�̂cĉnai�̂�_̀â�bc�ihgeòhn̂�ô�eiô_�fp�qoainĵ����ab�f̂�ceohig]̂_�fp�a]̂�kbhaònabo�̀h_�|rĥot�\]̂�_̀â�bc�nbll̂hn̂l̂ha�bc�a]̂�vbow�g]̀jj�hba�f̂�n]̀h{̂_�fp�a]̂�̂cĉnai�̂�_̀â�bc�gen]�ihgeòhn̂t�}W�XY[YZ��c�a]̂�kbhaònabo�ig�_̂j̀p̂_�̀a�̀hp�ail̂�ih�a]̂�nbll̂hn̂l̂ha�bo�mob{ôgg�bc�a]̂�vbow�fp�����̀h�̀na�bo�ĥ{ĵna�bc�a]̂�|rĥo��qon]iâna��kbhgaoenaibh�z h̀̀{̂o��|rĥo�g�brh�cbon̂g��kbhgaoenaibh�z h̀̀{̂o��qon]iâna��̀hp�bc�a]̂�ba]̂o�zejaimĵ�xoil̂�kbhaònabog�bo�̀h�̂lmjbp̂ �̂bc�̀hp�bc�a]̂l��bo�bc�a]̂�|rĥo�g�brh�cbon̂g��d̂m̀òâ�kbhaònabog��bo�ba]̂o�kbhaònabog������fp�n]̀h{̂g�bo_̂ô_�ih�a]̂�vbow������fp�n]̀h{̂g�bo_̂ô_�ih�a]̂�vbow��bo�fp�j̀fbo�_igmeâg��ciô��ehegèj�_̂j̀p�ih�_̂ji�̂oîg��eh̀�bi_̀fĵ�ǹgèjaîg��̀_�̂oĝ�r̂ à]̂o�nbh_iaibhg�_bnel̂hâ_�ih�̀nnbo_̀hn̂�ria]�d̂naibh���t�t�t���ǹgèjaîg�bo�ba]̂o�ǹeĝg�f̂pbh_�a]̂�kbhaònabo�g�nbhaobj������fp�_̂j̀p�̀ea]boi�̂_�fp�a]̂�|rĥo�m̂h_ih{�l̂_ìaibh�̀h_�fih_ih{�_igmeâ�ôgbjeaibh��bo�����fp�ba]̂o�ǹeĝg�a]̀a�a]̂�kbhaònabo�̀gĝoag�̀h_�a]̂�qon]iâna��f̀ĝ_�bh�a]̂�ônbll̂h_̀aibh�bc�a]̂�kbhgaoenaibh�z h̀̀{̂o��_̂âoliĥg�l̀p�yegaicp�_̂j̀p��a]̂h�a]̂�kbhaòna�\il̂�g]̀jj�f̂�̂�âh_̂_�fp�k]̀h{̂�|o_̂o�cbo�gen]�ồgbh̀fĵ�ail̂ �̀g�a]̂�qon]iâna�l̀p�_̂âoliĥt}W�XY[Y[�\]ig�d̂naibh�ut��_b̂g�hba�mônje_̂�ônb�̂op�bc�_̀l̀ {̂g�cbo�_̂j̀p�fp�̂ia]̂o�m̀oap�eh_̂o�ba]̂o�mob�igibhg�bc�a]̂�kbhaòna��bnel̂hagt\]̂�|rĥo�g]̀jj�hba�f̂�jìfĵ�ab�a]̂�kbhaònabo�̀h_�bo�̀hp�gefnbhaònabo�cbo�nj̀ilg�bo�_̀l̀ {̂g�bc�̀hp�h̀aeô�ǹeĝ_�fp�bo�̀oigih{�bea�bc�_̂j̀pgt��\]̂�gbĵ�ôl̂_p�̀{̀ihga�a]̂�|rĥo�cbo�_̂j̀pg�g]̀jj�f̂�a]̂�̀jjbr̀hn̂�bc�̀__iaibh̀j�ail̂�cbo�nblmĵaibh�bc�a]̂�vbow��a]̂�̀lbeha�bc�r]in]�g]̀jj�f̂�gefŷna�ab�a]̂�nj̀ilg�mobn̂_eô�ĝa�cboa]�]̂ôiht����n̂ma�ab�a]̂�̂�âha��ic�̀hp��̂�môggjp�mob]ifiâ_�fp�j̀r��a]̂�kbhaònabo�̂�môggjp�̀{ô̂g�hba�ab�l̀ ŵ�̀h_�]̂ôfp�r̀i�̂g�̀hp�nj̀il�cbo�_̀l̀ {̂g�cbo�_̂j̀p��ihnje_ih{��fea�hba�jiliâ_�ab��a]bĝ�ôgejaih{�cobl�ihnồ ĝ_�j̀fbo�bo�l̀ âoìj�nbgag��_iônaibhg�{i�̂h�bo�hba�{i�̂h�fp�a]̂�|rĥo��kbhgaoenaibh�z h̀̀{̂o�bo�qon]iâna��ihnje_ih{�gn]̂_ejih{�h̀_�nbbo_ih̀aibh�bc�a]̂�vbow��a]̂�qon]iâna�g�môm̀òaibh�bc�_òrih{g�̀h_�gm̂niciǹaibhg�bo�ô�îr�bc�g]bm�_òrih{g�h̀_�ô�êgag�cbo�ihgaoenaibh�g���bo��bh�̀nnbeha�bc�̀hp�_̂j̀p��bfgaoenaibh�bo�]ih_òhn̂�cbo�̀hp�ǹeĝ�r]̀agb̂�̂o�fp�a]̂�|rĥo��kbhgaoenaibh�z h̀̀{̂o��qon]iâna��bo�̀hp�ba]̂o�nbhaònabo�bh�a]̂�mobŷna��r]̂a]̂o�bo�hba�cbôĝ̂ f̀ĵ�bo�h̀ainim̀â_t��\]̂�kbhaònabo�̀{ô̂g�a]̀a�iag�gbĵ�oi{]a�̀h_�ôl̂_p�a]̂ôcbo�g]̀jj�f̂�̀h�̂�âhgibh�bc�ail̂��ic�̀mmobmoìât���������������������������������� ���¡�¢�� ��� �£���£�������£ �����¡�����¡����¤�����¥� ��¦�����������§���̈�¡�����©¡���������¦��̈������¡����¡��£���������� ���������������������¡�����¡���ª����¥������� ̈��¤������������̈�������������¥�����«¬®̄°�[±\]̂�kbhaòna�del�ig�gàâ_�ih�a]̂�q{ô̂ l̂ha�̀h_��ihnje_ih{�̀ea]boi�̂_�̀_yegal̂hag��ig�a]̂�abàj�̀lbeha�m̀p̀fĵ�fp�a]̂�|rĥo�ab�a]̂�kbhaònabo�cbo�m̂ocbol̀hn̂�bc�a]̂�vbow�eh_̂o�a]̂�kbhaòna��bnel̂hagtW�²YZYZ�\]̂�kbhaòna�del�ig�gàâ_�ih�a]̂�q{ô̂ l̂ha�̀h_��ihnje_ih{�̀ea]boi�̂_�̀_yegal̂hag��ig�a]̂�abàj�̀lbeha�m̀p̀fĵ�fp�a]̂�|rĥo�ab�a]̂�kbhaònabo�cbo�m̂ocbol̀hn̂�bc�a]̂�vbow�eh_̂o�a]̂�kbhaòna��bnel̂hagtW�²YZY~��c�ehia�moin̂g�̀ô�gàâ_�ih�a]̂�kbhaòna��bnel̂hag�bo�gefĝ�êhajp�̀{ô̂_�embh��̀h_�ic��èhaiaîg�boi{ih̀jjp�nbhâlmj̀â_�̀ô�l̀ âoìjjp�n]̀h{̂_�gb�a]̀a�̀mmjiǹaibh�bc�gen]�ehia�moin̂g�ab�a]̂�̀naèj��èhaiaîg�ǹeĝg�gefgàhaìj�iĥ�eiap�ab�a]̂�|rĥo�bo�kbhaònabo��a]̂�̀mmjiǹfĵ�ehia�moin̂g�g]̀jj�f̂�̂�eiàfjp�̀_yegâ_t
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W�XYZY[�\]̂�_̀abcdefcg̀a�hiaiĵdkb�f̂dcglgficg̀a�̀l�ia�mnnogficg̀a�l̀d�piqr̂ac�̀ds�ga�c]̂�fib̂�̀l�r̀ d̂�c]ia�̀â�_̀acdifc̀ds�i�pd̀t̂fc�mnnogficg̀a�iau�_̂dcglgfiĉ�l̀d�piqr̂acs�b]ioo�v̂�vib̂u�eǹa�c]̂�_̀abcdefcg̀a�hiaiĵdkb�ŵioeicg̀a�̀l�c]̂�x d̀y�iau�c]̂�uici�ga�c]̂�mnnogficg̀a�̀d�mnnogficg̀ab�l̀d�piqr̂acz�\]̂�_̀abcdefcg̀a�hiaiĵdkb�mdf]gĉfckb�gbbeiaf̂�̀l�i�_̂dcglgfiĉ�l̀d�piqr̂ac�b]ioo�v̂�vib̂u�eǹa�c]̂�mdf]gĉfckb�̂wioeicg̀a�̀l�c]̂�x d̀ys�c]̂�d̂f̀rr̂auicg̀a�̀l�c]̂�_̀abcdefcg̀a�hiaiĵds�iau�gal̀dricg̀a�nd̀wgûu�ib�nidc�̀l�c]̂�mnnogficg̀a�l̀d�piqr̂acz�\]̂�mdf]gĉfckb�f̂dcglgficg̀a�{goo�f̀abcgceĉ�i�d̂nd̂b̂acicg̀a�c]ics�c̀�c]̂�v̂bc�̀l�c]̂�_̀abcdefcg̀a�hiaiĵdkb�yà{ôuĵs�gal̀dricg̀as�mdf]gĉfckb�yà{ôuĵs�gal̀dricg̀a�iau�v̂oĝls�c]̂�x d̀y�]ib�nd̀jd̂bb̂u�c̀�c]̂�ǹgac�gaugfiĉus�c]ic�c]̂�|eiogcq�̀l�c]̂�x d̀y�gb�ga�iff̀duiaf̂�{gc]�c]̂�_̀acdifc�}̀fer̂acbs�iau�c]ic�c]̂�_̀acdifc̀d�gbs�̀d�_̀acdifc̀db�id̂s�gb�âcgcôu�c̀�niqr̂ac�ga�c]̂�ir̀ eac�f̂dcglĝuz�W�XYZYZ�\]̂�mdf]gĉfckb�gbbeiaf̂�̀l�i�_̂dcglgfiĉ�l̀d�piqr̂ac�̀ds�ga�c]̂�fib̂�̀l�r̀ d̂�c]ia�̀â�_̀acdifc̀ds�pd̀t̂fc�mnnogficg̀a�iau�_̂dcglgfiĉ�l̀d�piqr̂acs�b]ioo�v̂�vib̂u�eǹa�c]̂�mdf]gĉfckb�̂wioeicg̀a�̀l�c]̂�x d̀ys�c]̂�d̂f̀rr̂auicg̀a�̀l�c]̂�_̀abcdefcg̀a�hiaiĵds�iau�uici�ga�c]̂�mnnogficg̀a�l̀d�piqr̂ac�̀d�pd̀t̂fc�mnnogficg̀a�l̀d�piqr̂acz�\]̂�mdf]gĉfckb�f̂dcglgficg̀a�{goo�f̀abcgceĉ�i�d̂nd̂b̂acicg̀a�c]ics�c̀�c]̂�v̂bc�̀l�c]̂�mdf]gĉfckb�yà{ôuĵs�gal̀dricg̀as�iau�v̂oĝls�c]̂�x d̀y�]ib�nd̀jd̂bb̂u�c̀�c]̂�ǹgac�gaugfiĉus�c]̂�|eiogcq�̀l�c]̂�x d̀y�gb�ga�iff̀duiaf̂�{gc]�c]̂�_̀acdifc�}̀fer̂acbs�iau�c]ic�c]̂�_̀acdifc̀d�gbs�̀d�_̀acdifc̀db�id̂s�̂acgcôu�c̀�niqr̂ac�ga�c]̂�ir̀eac�f̂dcglĝuzd̂nd̂b̂acicg̀ab�riû�nedbeiac�c̀�~̂fcg̀ab��z�z��iau��z�z��id̂�bevt̂fc�c̀�ia�̂wioeicg̀a�̀l�c]̂�x d̀y�l̀d�f̀al̀driaf̂�{gc]�c]̂�_̀acdifc�}̀fer̂acb�eǹa�~evbciacgio�_̀rnôcg̀as�c̀�d̂beocb�̀l�bevb̂|êac�ĉbcb�iau�gabn̂fcg̀abs�c̀�f̀dd̂fcg̀a�̀l�rgàd�ûwgicg̀ab�ld̀r�c]̂�_̀acdifc�}̀fer̂acb�ndg̀d�c̀�f̀rnôcg̀a�iau�c̀�bn̂fglgf�|eioglgficg̀ab�̂�nd̂bb̂u�vq�c]̂�_̀abcdefcg̀a�hiaiĵd�̀d�mdf]gĉfczW�XYZY��\]̂�d̂nd̂b̂acicg̀ab�riû�nedbeiac�c̀�~̂fcg̀ab��z�z��iau��z�z��id̂�bevt̂fc�c̀�ia�̂wioeicg̀a�̀l�c]̂�x d̀y�l̀d�f̀al̀driaf̂�{gc]�c]̂�_̀acdifc�}̀fer̂acb�eǹa�~evbciacgio�_̀rnôcg̀as�c̀�d̂beocb�̀l�bevb̂|êac�ĉbcb�iau�gabn̂fcg̀abs�c̀�f̀dd̂fcg̀a�̀l�rgàd�ûwgicg̀ab�ld̀r�c]̂�_̀acdifc�}̀fer̂acb�ndg̀d�c̀�f̀rnôcg̀as�iau�c̀�bn̂fglgf�|eioglgficg̀ab�̂�nd̂bb̂u�vq�c]̂�_̀abcdefcg̀a�hiaiĵd�̀d�mdf]gĉfczgbbeiaf̂�̀l�i�b̂nidiĉ�_̂dcglgfiĉ�l̀d�piqr̂ac�{goo�àc�v̂�i�d̂nd̂b̂acicg̀a�c]ic�c]̂�_̀abcdefcg̀a�hiaiĵd�̀d�mdf]gĉfc�]ib�����riû�̂�]iebcgŵ�̀d�f̀acgaèeb�̀a�bgĉ�gabn̂fcg̀ab�c̀�f]̂fy�c]̂�|eiogcq�̀d�|eiacgcq�̀l�c]̂�x d̀ys�����d̂wĝ{̂u�c]̂�_̀acdifc̀dkb�f̀abcdefcg̀a�r̂iabs�r̂c]̀ubs�ĉf]ag|êbs�b̂|êaf̂b�̀d�nd̀f̂ued̂bs�����d̂wĝ{̂u�f̀nĝb�̀l�d̂|egbgcg̀ab�d̂f̂gŵu�ld̀r�~evf̀acdifc̀db�iau�riĉdgio�bennoĝdb�iau�̀c]̂d�uici�d̂|êbĉu�vq�c]̂��{âd�c̀�bevbciacgiĉ�c]̂�_̀acdifc̀dkb�dgj]c�c̀�niqr̂ac�̀d�����riû��̂irgaicg̀a�c̀�ibf̂dciga�]̀{�̀d�l̀d�{]ic�nedǹb̂�c]̂�_̀acdifc̀d�]ib�eb̂u�r̀ âq�nd̂wg̀eboq�nigu�̀a�iff̀eac�̀l�c]̂�_̀acdifc�~erzW�XYZY��\]̂�gbbeiaf̂�̀l�i�_̂dcglgfiĉ�l̀d�piqr̂ac�̀d�i�pd̀t̂fc�_̂dcglgfiĉ�l̀d�piqr̂ac�{goo�àc�v̂�i�d̂nd̂b̂acicg̀a�c]ic�c]̂�_̀abcdefcg̀a�hiaiĵd�̀d�mdf]gĉfc�]ib�����riû�̂�]iebcgŵ�̀d�f̀acgaèeb�̀a�bgĉ�gabn̂fcg̀ab�c̀�f]̂fy�c]̂�|eiogcq�d̀�|eiacgcq�̀l�c]̂�x d̀y������d̂wĝ{̂u�f̀abcdefcg̀a�r̂iabs�r̂c]̀ubs�ĉf]ag|êbs�b̂|êaf̂bs�̀d�nd̀f̂ued̂b������d̂wĝ{̂u�f̀nĝb�̀l�d̂|egbgcg̀ab�d̂f̂gŵu�ld̀r�~evf̀acdifc̀db�iau�bennoĝdb�iau�̀c]̂d�uici�d̂|êbĉu�vq�c]̂��{âd�c̀�bevbciacgiĉ�c]̂�_̀acdifc̀dkb�dgj]c�c̀�niqr̂ac��̀d�����riû�̂�irgaicg̀a�c̀�ibf̂dciga�]̀{�̀d�l̀d�{]ic�nedǹb̂�c]̂�_̀acdifc̀d�]ib�eb̂u�r̀ âq�nd̂wg̀eboq�nigu�̀a�iff̀eac�̀l�c]̂�_̀acdifc�~erzW�XY�Y��\]̂�_̀abcdefcg̀a�hiaiĵd�̀d�mdf]gĉfc�riq�{gc]]̀ou�i�_̂dcglgfiĉ�l̀d�piqr̂ac�̀d�pd̀t̂fc�_̂dcglgfiĉ�l̀d�piqr̂ac�ga�{]̀ô�̀d�ga�nidcs�c̀�c]̂�̂�ĉac�d̂ib̀aivoq�âf̂bbidq�c̀�nd̀ĉfc�c]̂��{âds�gl�ga�c]̂�_̀abcdefcg̀a�hiaiĵdkb�d̀�mdf]gĉfckb�̀ngag̀a�c]̂�d̂nd̂b̂acicg̀ab�c̀�c]̂��{âd�d̂|egd̂u�vq�~̂fcg̀a��z�z��iau��z�z���z�z��iau��z�z��fiaàc�v̂�riûz��l�c]̂�_̀abcdefcg̀a�hiaiĵd�̀d�mdf]gĉfc�gb�eaivô�c̀�f̂dcglq�niqr̂ac�ga�c]̂�ir̀ eac�̀l�c]̂�mnnogficg̀as�c]̂�_̀abcdefcg̀a�hiaiĵd�{goo�àcglq�c]̂�_̀acdifc̀d�iau��{âd�ib�nd̀wgûu�ga�~̂fcg̀a��z�z��iau��z�z�z��z�z�z��l�c]̂�_̀acdifc̀ds�_̀abcdefcg̀a�hiaiĵd�iau�mdf]gĉfc�fiaàc�ijd̂̂ �̀a�i�d̂wgb̂u�ir̀ eacs�c]̂�mdf]gĉfc�{goo�nd̀rncoq�gbbê�i�_̂dcglgfiĉ�l̀d�piqr̂ac�̀d�i�pd̀t̂fc�_̂dcglgfiĉ�l̀d�piqr̂ac�l̀d�c]̂�ir̀ eac�l̀d�{]gf]�c]̂�mdf]gĉfc�gb�ivô�c̀�riŷ�bef]�d̂nd̂b̂acicg̀ab�c̀�c]̂��{âdz�\]̂�_̀abcdefcg̀a�hiaiĵd�̀d�mdf]gĉfc�riq�iob̀�{gc]]̀ou�i�_̂dcglgfiĉ�l̀d�piqr̂ac�̀ds�v̂fieb̂�̀l�bevb̂|êacoq�ugbf̀ŵd̂u�̂wgûaf̂s�̂wgûaf̂�̀d�bevb̂|êac�̀vb̂dwicg̀abs�riq�aeooglq�c]̂�{]̀ô�̀d�i�nidc�̀l�i�_̂dcglgfiĉ�l̀d�piqr̂ac�̀d�pd̀t̂fc�_̂dcglgfiĉ�l̀d�piqr̂ac�nd̂wg̀eboq�gbbêus�c̀�bef]�̂�ĉac�ib�riq�v̂�âf̂bbidq�ga�c]̂�_̀abcdefcg̀a�hiaiĵdkb�̀d�mdf]gĉfckb�̀ngag̀a�c̀�nd̀ĉfc�c]̂��{âd�ld̀r�òbb�l̀d�{]gf]�c]̂�_̀acdifc̀d�gb�d̂bǹabgvôs�gafoeugaj�òbb�d̂beocgaj�ld̀r�c]̂�ifcb�iau�̀rgbbg̀ab�ûbfdgv̂u�ga�~̂fcg̀a��z�z��v̂fieb̂�̀l�����[�Y� c]gdu�nidcq�foigrb�lgôu�̀d�d̂ib̀aivô�̂wgûaf̂�gaugficgaj�nd̀vivô�lgogaj�̀l�bef]�foigrbs�foigrb�eaôbb�b̂fedgcq�iff̂ncivô�c̀�c]̂��{âd�gb�nd̀wgûu�vq�c]̂�_̀acdifc̀d�
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W�XYZY[Y\�]̂_�̀ab̂cd_bd�efg�hifjdakbdcif�lefem_a�ncoo�p_aqiar�fi�ria_�d̂ef�if_�ifsjcd_�itj_auedcif�di�g_d_arcf_�n̂_d̂_a�d̂_�viaw�ia�e�g_jcmfed_g�piadcif�d̂_a_iq�̂ej�eddecf_g�xktjdefdceo�hirpo_dcif�cf�ebbiagefb_�ncd̂�d̂_�hifdaebd�yibkr_fdjz�]̂_�{nf_a�cj�_fdcdo_g�di�a_crtkaj_r_fd�qair�d̂_�hifdaebdia�qia�erikfdj�pecg�di�d̂_�̀ab̂cd_bd�efg�hifjdakbdcif�lefem_a�qia�ef|�eggcdcifeo�ifsjcd_�itj_auedcifjz}�~�����v _̂f�d̂_�̀ab̂cd_bd��ejjcjd_g�t|�d̂_�hifjdakbdcif�lefem_a��g_d_arcf_j�d̂ed�d̂_�viaw�iq�eoo�iq�d̂_�hifdaebdiaj��ia�g_jcmfed_g�piadcif�d̂_a_iq��cj�jktjdefdceoo|�birpo_d_��d̂_�hifjdakbdcif�lefem_a�ncoo�pa_pea_��efg�d̂_�hifjdakbdcif�lefem_a�efg�̀ab̂cd_bd�ĵeoo�_�_bkd_��e�h_adcqcbed_�iq�xktjdefdceo�hirpo_dcif�d̂ed�ĵeoo�_jdetocĵ�d̂_�ged_�iq�xktjdefdceo�hirpo_dcif��_jdetocĵ�a_jpifjctcocdc_j�iq�d̂_�{nf_a�efg�hifdaebdia�qia�j_bkacd|��recfd_fefb_��̂_ed��kdcocdc_j��gerem_�di�d̂_�viaw�efg�cfjkaefb_��efg�qc��d̂_�dcr_�ncd̂cf�n̂cb̂�d̂_�hifdaebdia�ĵeoo�qcfcĵ�eoo�cd_rj�if�d̂_�ocjd�ebbirpef|cfm�d̂_�h_adcqcbed_z�veaaefdc_j�a_�kca_g�t|�d̂_�hifdaebd�yibkr_fdj�ĵeoo�birr_fb_�if�d̂_�ged_�iq�xktjdefdceo�hirpo_dcif�iq�d̂_�viaw�ia�g_jcmfed_g�piadcif�d̂_a_iq�kfo_jj�id̂_ancj_�paiucg_g�cf�d̂_�h_adcqcbed_�iq�xktjdefdceo�hirpo_dcifz]̂_�h_adcqcbed_�iq�xktjdefdceo�hirpo_dcif�ĵeoo�t_�jktrcdd_g�di�d̂_�{nf_a�efg�hifdaebdia�qia�d̂_ca�nacdd_f�ebb_pdefb_�iq�a_jpifjctcocdc_j�ejjcmf_g�di�d̂_r�cf�jkb̂�h_adcqcbed_z��pif�jkb̂�ebb_pdefb_�efg�bifj_fd�iq�jka_d|��cq�ef|��d̂_�{nf_a�ĵeoo�rew_�pe|r_fd�iq�a_decfem_�eppo|cfm�di�jkb̂�viaw�ia�g_jcmfed_g�piadcif�d̂_a_iqz�xkb̂�pe|r_fd�ĵeoo�t_�eg�kjd_g�qia�viaw�d̂ed�cj�cfbirpo_d_�ia�fid�cf�ebbiagefb_�ncd̂�d̂_�a_�kca_r_fdj�iq�d̂_�hifdaebd�yibkr_fdjz�]̂_�pe|r_fd�ĵeoo�t_�jkqqcbc_fd�di�cfba_ej_�d̂_�dideo�pe|r_fdj�di�if_ŝkfga_g�p_ab_fd��������iq�d̂_�hifdaebd�xkr��o_jj�dni�dcr_j�d̂_�ueok_�iq�ef|�a_recfcfm�cd_rj�di�t_�birpo_d_g�efg�ef|�erikfd�f_b_jjea|�di�jedcjq|�boecrj��oc_fj�ia��kgmr_fdj�emecfjd�d̂_�hifdaebdia�n̂cb̂�̂eu_�fid�t__f�jkcdeto|�gcjb̂eam_g��ej�g_d_arcf_g�t|�d̂_�àb̂cd_bd�ejjcjd_g�t|�d̂_�hifjdakbdcif�lefem_az}�~�����]̂_�h_adcqcbed_�iq�xktjdefdceo�hirpo_dcif�ĵeoo�t_�jktrcdd_g�di�d̂_�{nf_a�efg�hifdaebdia�qia�d̂_ca�nacdd_f�ebb_pdefb_�iq�a_jpifjctcocdc_j�ejjcmf_g�di�d̂_r�cf�d̂_�h_adcqcbed_z��pif�jkb̂�ebb_pdefb_��efg�bifj_fd�iq�jka_d|�cq�ef|��d̂_�{nf_a�ĵeoo�rew_�pe|r_fd�iq�a_decfem_�eppo|cfm�di�d̂_�viaw�ia�g_jcmfed_g�piadcif�d̂_a_iqz�xkb̂�pe|r_fd�ĵeoo�t_�eg�kjd_g�qia�viaw�d̂ed�cj�cfbirpo_d_�ia�fid�cf�ebbiagefb_�ncd̂�d̂_�a_�kca_r_fdj�iq�d̂_�hifdaebd�yibkr_fdjz}�~������f�d̂_�_u_fd�d̂_�hifdaebdia�gi_j�fid�eb̂c_u_�qcfeo�birpo_dcif�ncd̂cf�jc�d|������ge|j�eqd_a�d̂_�ged_�iq�xktjdefdceo�hirpo_dcif��eooincfm�qia�ef|�eppaiu_g�_�d_fjcifj�iq�d̂_�hifdaebd�dcr_��hifdaebdia�ĵeoo�fid�t_�_fdcdo_g�di�ef|�qkad̂_a�pe|r_fd�efg�hifdaebdia�ema__j�d̂ed�jkb̂�qecoka_�di�birpo_d_�d̂_�niaw�ncd̂cf�d̂_�dcr_�j_d�qiad̂�etiu_�ĵeoo�bifjdcdkd_�e�necu_a�iq�eoo�boecrj�t|�d̂_�hifdaebdia�di�ef|�rif_|�d̂ed�re|�t_�gk_z�]̂cj�paiucjcif�ĵeoo�fid�ip_aed_�ej�e�necu_a�t|�d̂_�{nf_a�iq�ef|�boecrj�ia�a_r_gc_j�iq�ef|�fedka_�emecfjd�d̂_�hifdaebdia�eacjcfm�ikd�iq�d̂_�hifdaebdz}�~�~���]̂_�{nf_a�re|�ibbkp|�ia�kj_�ef|�birpo_d_g�ia�peadceoo|�birpo_d_g�piadcif�iq�d̂_�viaw�ed�ef|�jdem_�n̂_f�jkb̂�piadcif�cj�g_jcmfed_g�t|�j_peaed_�ema__r_fd�ncd̂�d̂_�hifdaebdia��paiucg_g�jkb̂�ibbkpefb|�ia�kj_�cj�bifj_fd_g�di�t|�d̂_�cfjka_a�ej�a_�kca_g�kfg_a�x_bdcif���z�z�z��efg�ekd̂iac�_g�t|�pktocb�ekd̂iacdc_j�̂eucfm��kacjgcbdcif�iu_a�d̂_��ai�_bdz�xkb̂�peadceo�ibbkpefb|�ia�kj_�re|�birr_fb_�n̂_d̂_a�ia�fid�d̂_�piadcif�cj�jktjdefdceoo|�birpo_d_��paiucg_g�d̂_�{nf_a�efg�hifdaebdia�̂eu_�ebb_pd_g�cf�nacdcfm�d̂_�a_jpifjctcocdc_j�ejjcmf_g�di�_eb̂�iq�d̂_r�qia�pe|r_fdj��a_decfem_�cq�ef|��j_bkacd|��recfd_fefb_��̂_ed��kdcocdc_j��gerem_�di�d̂_�viaw�efg�cfjkaefb_��efg�̂eu_�ema__g�cf�nacdcfm�bifb_afcfm�d̂_�p_acig�qia�biaa_bdcif�iq�d̂_�viaw�efg�birr_fb_r_fd�iq�neaaefdc_j�a_�kca_g�t|�d̂_�hifdaebd�yibkr_fdjz�v _̂f�d̂_�hifdaebdia�bifjcg_aj�e�piadcif�jktjdefdceoo|�birpo_d_��d̂_�hifdaebdia�efg�hifjdakbdcif�lefem_a�ĵeoo��icfdo|�pa_pea_�efg�jktrcd�e�ocjd�di�d̂_�̀ab̂cd_bd�ej�paiucg_g�kfg_a�x_bdcif��z�z�z�hifj_fd�iq�d̂_�hifdaebdia�di�peadceo�ibbkpefb|�ia�kj_�ĵeoo�fid�t_�kfa_ejifeto|�ncd̂̂ _ogz�]̂_�jdem_�iq�d̂_�paima_jj�iq�d̂_�viaw�ĵeoo�t_�g_d_arcf_g�t|�nacdd_f�ema__r_fd�t_dn__f�d̂_�{nf_a�efg�hifdaebdia�ia��cq�fi�ema__r_fd�cj�a_eb̂_g��t|�g_bcjcif�iq�d̂_�̀ab̂cd_bd�eqd_a�bifjkodedcif�ncd̂�d̂_�hifjdakbdcif�lefem_az}�~�~����rr_gced_o|�pacia�di�jkb̂�peadceo�ibbkpefb|�ia�kj_��d̂_�{nf_a��hifjdakbdcif�lefem_a��hifdaebdia��hifdaebdia�efg�̀ab̂cd_bd�ĵeoo��icfdo|�cfjp_bd�d̂_�ea_e�di�t_�ibbkpc_g�ia�piadcif�iq�d̂_�viaw�di�t_�kj_g�cf�iag_a�di�g_d_arcf_�efg�a_biag�d̂_�bifgcdcif�iq�d̂_�viawz�������}�~�������pif�birpo_dcif�iq�d̂_�viaw��d̂_�hifdaebdia�ĵeoo�qianeag�di�d̂_�hifjdakbdcif�lefem_a�e�fidcb_�d̂ed�d̂_�viaw�cj�a_eg|�qia�qcfeo�cfjp_bdcif�efg�ebb_pdefb_��efg�ĵeoo�eoji�qianeag�di�d̂_�hifjdakbdcif�lefem_a�e�qcfeo�hifdaebdia j�̀ppocbedcif�qia��e|r_fdz��pif�a_b_cpd��d̂_�hifjdakbdcif�lefem_a�ĵeoo�p_aqiar�ef�cfjp_bdcif�di�bifqcar�d̂_�birpo_dcif�iq�viaw�iq�d̂_�hifdaebdiaz�]̂_�hifjdakbdcif�lefem_a�ĵeoo�rew_�a_birr_fgedcifj�di�d̂_�̀ab̂cd_bd�n̂_f�d̂_�viaw�iq�eoo�iq�d̂_�hifdaebdiaj�cj�a_eg|�qia�qcfeo�cfjp_bdcif��efg�ĵeoo�d̂_f�qianeag�d̂_�hifdaebdiaj �fidcb_j�efg�̀ppocbedcif�qia��e|r_fd�ia��ai�_bd�̀ppocbedcif�qia��e|r_fd��di�d̂_�̀ab̂cd_bd��n̂i�ncoo�pairpdo|�rew_�jkb̂�
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XYZ[\]̂X_Ỳ�ab\Y�̂b\�cd]bX̂\]̂�eXYfZ�̂b\�a_dg�h]]\[̂hij\�kYf\d�̂b\�l_Ŷdh]̂�m_]kn\ŶZ�hYf�̂b\�l_Ŷdh]̂�ekjjo�[\de_dn\fp�̂b\�l_YẐdk]̂X_Y�qhYhr\d�hYf�cd]bX̂\]̂�sXjj�[d_n[̂jo�XZZk\�h�eXYhj�l\d̂XeX]ĥ\�e_d�thon\Ŷ�_d�td_u\]̂�l\d̂XeX]ĥ\�e_d�thon\Ŷ�ẐĥXYr�̂bĥ�̂_�̂b\�i\Ẑ�_e�̂b\Xd�gY_sj\fr\p�XYe_dnĥX_Y�hYf�i\jX\ep�hYf�_Y�̂b\�ihZXZ�_e�̂b\Xd�_YvZX̂\�wXZX̂Z�hYf�XYZ[\]̂X_YZp�̂b\�a_dg�bhZ�i\\Y�]_n[j\̂\f�XY�h]]_dfhY]\�sX̂b�̂b\�l_Ŷdh]̂�m_]kn\ŶZ�hYf�̂bĥ�̂b\�\ŶXd\�ihjhY]\�e_kYf�̂_�i\�fk\�̂b\�l_Ŷdh]̂_d�hYf�Y_̂\f�XY�̂b\�eXYhj�l\d̂XeX]ĥ\�XZ�fk\�hYf�[hohij\̀�xb\�l_YẐdk]̂X_Y�qhYhr\dyZ�hYf�cd]bX̂\]̂yZ�eXYhj�l\d̂XeX]ĥ\�e_d�thon\Ŷ�_d�td_u\]̂�l\d̂XeX]ĥ\�e_d�thon\Ŷ�sXjj�]_YẐX̂k̂\�h�ekd̂b\d�d\[d\Z\ŶĥX_Y�̂bĥ�]_YfX̂X_YZ�jXẐ\f�XY�z\]̂X_Y�{̀|}̀~�hZ�[d\]\f\Ŷ�̂_�̂b\�l_Ŷdh]̂_dyZ�i\XYr�\ŶX̂j\f�̂_�eXYhj�[hon\Ŷ�bhw\�i\\Y�ekjeXjj\f̀����������Y�_d�sX̂bXY�Z\w\Y�����fhoZ�e_jj_sXYr�̂b\�fĥ\�_e��XYhj�l_n[j\̂X_Y��hZ�\ẐhijXZb\f�XY�̂b\�iXf�f_]kn\ŶZ�_d�n_fXeX\f�io�lbhYr\��df\d��̂b\�cd]bX̂\]̂�sXjj�]_Yfk]̂�h�eXYhj�XYZ[\]̂X_Y�_e�̂b\�s_dg��cZ�h�d\Zkĵ�_e�̂bĥ�XYZ[\]̂X_Yp�̂b\�cd]bX̂\]̂��sXjj�XZZk\�h���XYhj��YZ[\]̂X_Y��\[_d̂̀��xbXZ�d\[_d̂�sXjj�f_]kn\Ŷ�̂b\�]_YfX̂X_Y�_e�̂b\�s_dg�hYf�sXjj�d\Yf\d�h�e_dnhj�_[XYX_Y�hZ�̂_�̂b\�sb\̂b\d�_d�Y_̂�̂b\�s_dg�_d�f\ZXrYĥ\f�[_d̂X_Y�XZ�]_n[j\̂\̀���ep�hZ�h�d\Zkĵ�_e�̂b\�cd]bX̂\]̂yZ�XYZ[\]̂X_Yp�X̂�XZ�f\̂\dnXY\f�̂bĥ�̂b\�s_dg�XZ�Y_̂�]_n[j\̂\�hYf�XY�h]]_dfhY]\�sX̂b�̂b\�l_Ŷdh]̂�m_]kn\ŶZp�̂b\�cd]bX̂\]̂�Zbhjj�Y_̂Xeo�̂b\��sY\d�hYf�l_Ŷdh]̂_d�XY�sdX̂XYr�_e�̂bXZ�_[XYX_Ỳ��xbXZ�Y_̂X]\�sXjj�XY]jkf\�̂b\��XYhj��YZ[\]̂X_Y��\[_d̂�f_]kn\ŶXYr�̂b\�]_YfX̂X_YZ�_e�̂b\�s_dg�hYf�sXjj�i\�]_YZXf\d\f�h�e_dnhj�Y_̂X]\�̂_�̂b\�l_Ŷdh]̂_d�_e�b̂\Xd�ehXjkd\�̂_�ekjeXjj�̂b\�̂\dnZ�hYf�]_YfX̂X_YZ�_e�̂b\Xd�]_Ŷdh]̂̀��e�hZ�h�d\Zkĵ�_e�̂bXZ�XYZ[\]̂X_Yp�X̂�XZ�f\̂\dnXY\f�̂bĥ�̂b\�s_dg�XZ�]_n[j\̂\p�̂b\�l_Ŷdh]̂_d�Zbhjj�ZkinX̂�̂b\Xd��XYhj�thon\Ŷ�c[[jX]ĥX_Y�hYf�l\d̂XeX]ĥ\�e_d�thon\Ŷ̀��xb\�cd]bX̂\]̂�sXjj�̂b\Y�]\d̂Xeo�hYf�XZZk\�̂b\�eXYhj�l\d̂XeX]ĥ\�e_d�thon\Ŷ�ẐĥXYr�̂bĥ�̂_�̂b\�i\Ẑ�_e�̂b\�cd]bX̂\]̂Z�gY_sj\fr\p�XYe_dnĥX_Y�hYf�i\jX\ep�hYf�_Y�̂b\�ihZXZ�_e�̂b\�cd]bX̂\]̂yZ�[\dX_fX]�ZX̂\�wXZX̂Z�hYf�XYZ[\]̂X_YZp�̂b\�a_dg�bhZ�i\\Y�]_n[j\̂\f�XY�h]]_dfhY]\�sX̂b�̂b\�̂\dnZ�hYf�]_YfX̂X_YZ�_e�̂b\�l_Ŷdh]̂�m_]kn\ŶZ�hYf�̂bĥ�̂b\�\ŶXd\�ihjhY]\�e_kYf�̂_�i\�fk\�̂b\�l_Ŷdh]̂_d�hYf�Y_̂\f�XY�̂b\�eXYhj�l\d̂XeX]ĥ\�XZ�fk\�hYf�[hohij\̀��xb\�cd]bX̂\]̂yZ�eXYhj�l\d̂XeX]ĥ\�e_d�[hon\Ŷ�sXjj�]_YẐX̂k̂\�h�ekd̂b\d�d\[d\Z\ŶĥX_Y�̂bĥ�̂b\�]_YfX̂X_YZ�jXẐ\f�XY�Z\]̂X_Y�{̀|}̀~�hZ�[d\]\f\Ŷ�̂_�̂b\�l_Ŷdh]̂_dyZ�i\XYr�\ŶX̂j\f�̂_�eXYhj�[hon\Ŷ�bhw\�i\\Y�ekjeXjj\f̀��xb\�eXYhj�l\d̂XeX]ĥ\�e_d�thon\Ŷ�sXjj�Y_̂�i\�XZZk\f�kŶXj�hjj�s_dg�_Y�̂b\�eXYhj�XYZ[\]̂X_Y�d\[_d̂�XZ�]_n[j\̂\f�_d�]_dd\]̂\f̀�����������xb\�cd]bX̂\]̂�sXjj�[\de_dn�Y_�n_d\�̂bhY�_Y\�_YvZX̂\�_iZ\dwĥX_Y�̂_�f\̂\dnXY\�sb\̂b\d�̂b\�a_dg�_d�h�f\ZXrYĥ\f�[_d̂X_Y�̂b\d\_e�bhZ�ĥ̂hXY\f��XYhj�l_n[j\̂X_Y�XY�h]]_dfhY]\�sX̂b�̂b\�l_Ŷdh]̂�m_]kn\ŶZ̀�xb\��sY\d�XZ�\ŶX̂j\f�̂_�d\XnikdZ\n\Ŷ�ed_n�̂b\�l_Ŷdh]̂_d�e_d�hn_kŶZ�[hXf�̂_�̂b\�cd]bX̂\]̂�e_d�hYo�hffX̂X_Yhj�_YvZX̂\�_iZ\dwĥX_YZ̀����������\X̂b\d�eXYhj�[hon\Ŷ�Y_d�hYo�d\nhXYXYr�d\̂hXY\f�[\d]\Ŷhr\�Zbhjj�i\]_n\�fk\�kŶXj�̂b\�l_Ŷdh]̂_d�ZkinX̂Z�̂_�b̂\�cd]bX̂\]̂�̂bd_krb�̂b\�l_YẐdk]̂X_Y�qhYhr\d��|��hY�heeXfhwX̂�̂bĥ�[hod_jjZp�iXjjZ�e_d�nĥ\dXhjZ�hYf�\�kX[n\Ŷp�hYf�_̂b\d�XYf\î\fY\ZZ�]_YY\]̂\f�sX̂b�̂b\�a_dg�e_d�sbX]b�̂b\��sY\d�_d�̂b\��sY\dyZ�[d_[\d̂o�nXrb̂�i\�d\Z[_YZXij\�_d�\Y]kni\d\f��j\ZZ�hn_kŶZ�sX̂bb\jf�io��sY\d��bhw\�i\\Y�[hXf�_d�_̂b\dsXZ\�ZĥXZeX\fp��~��h�]\d̂XeX]ĥ\�\wXf\Y]XYr�̂bĥ�XYZkdhY]\�d\�kXd\f�io�̂b\�l_Ŷdh]̂�m_]kn\ŶZ�̂_�d\nhXY�XY�e_d]\�hê\d�eXYhj�[hon\Ŷ�XZ�]kdd\Ŷjo�XY�\ee\]̂p�����h�sdX̂̂\Y�Ẑĥ\n\Ŷ�̂bĥ�̂b\�l_Ŷdh]̂_d�gY_sZ�_e�Y_�ZkiẐhŶXhj�d\hZ_Y�̂bĥ�̂b\�XYZkdhY]\�sXjj�Y_̂�i\�d\Y\shij\�̂_�]_w\d�̂b\�[\dX_f�d\�kXd\f�io�̂b\�l_Ŷdh]̂�m_]kn\ŶZp�����]_YZ\Ŷ�_e�Zkd\̂op�Xe�hYop�̂_�eXYhj�[hon\Ŷ�����f_]kn\ŶĥX_Y�_e�hYo�Z[\]Xhj�shddhŶX\Zp�Zk]b�hZ�nhYkeh]̂kd\dZy�shddhŶX\Z�_d�Z[\]XeX]�zki]_Ŷdh]̂_d�shddhŶX\Zp�hYf����p�[hon\Ŷp������Xe�d\�kXd\f�io�̂b\��sY\dp�_̂b\d�fĥh�\ẐhijXZbXYr�[hon\Ŷ�_d�ZĥXZeh]̂X_Y�_e�_ijXrĥX_YZp�Zk]b�hZ�d\]\X[̂Z�hYf�d\]\X[̂Zp�d\j\hZ\Z�hYf�shXw\dZ�_e�jX\YZp�]jhXnZp�Z\]kdX̂o�XŶ\d\ẐZp�XŶ\d\ẐZ�_d�\Y]knidhY]\Z�hdXZXYr�_k̂�_e�̂b\�l_Ŷdh]̂p�̂_�̂b\�\�̂\Ŷ�hYf�XY�Zk]b�e_dn�hZ�nho�i\�f\ZXrYĥ\f�io�̂b\��sY\d̀��sY\d�hYf�����hjj�td_u\]̂�]j_Z\_k̂�f_]kn\ŶZ�[\d�̂b\��\Y\dhj��\�kXd\n\ŶZ�_e�̂b\�l_Ŷdh]̂̀��e�h�zki]_Ŷdh]̂_d�d\ekZ\Z�̂_�ekdYXZb�h�d\j\hZ\�_d�shXw\d�d\�kXd\f�io�̂b\��sY\dp�b̂\�l_Ŷdh]̂_d�nho�ekdYXZb�h�i_Yf�ZĥXZeh]̂_do�̂_�̂b\��sY\d�̂_�XYf\nYXeo�̂b\��sY\d�hrhXYẐ�Zk]b�jX\Yp�]jhXnp�Z\]kdX̂o�XŶ\d\Ẑp�_d�\Y]knidhY]\̀��e�h�jX\Yp�]jhXnp�Z\]kdX̂o�XŶ\d\Ẑp�_d�\Y]knidhY]\�jX\Ỳ��e�Zk]b�jX\Y�d\nhXYZ�kYZĥXZeX\f�hê\d�[hon\ŶZ�hd\�nhf\p�̂b\�l_Ŷdh]̂_d�Zbhjj�d\ekYf�̂_�̂b\��sY\d�hjj�n_Y\o�̂bĥ�̂b\��sY\d�nho�i\�]_n[\jj\f�̂_�[ho�XY�fXZ]bhdrXYr�̂b\�jX\Yp�]jhXnp�Z\]kdX̂o�XŶ\d\Ẑp�_d�\Y]knidhY]\p�Zk]b�jX\Yp�XY]jkfXYr�hjj�]_ẐZ�hYf�d\hZ_Yhij\�ĥ̂_dY\oZy�e\\Z̀����������ep�hê\d�zkiẐhŶXhj�l_n[j\̂X_Y�_e�̂b\�a_dgp�eXYhj�]_n[j\̂X_Y�̂b\d\_e�XZ�nĥ\dXhjjo�f\jho\f�̂bd_krb�Y_�ehkĵ�_e�̂b\�l_Ŷdh]̂_d�_d�io�XZZkhY]\�_e�lbhYr\��df\dZ�hee\]̂XYr�eXYhj�]_n[j\̂X_Yp�hYf�̂b\�l_YẐdk]̂X_Y�qhYhr\d�hYf�cd]bX̂\]̂�Z_�]_YeXdnp�̂b\��sY\d�Zbhjjp�k[_Y�h[[jX]ĥX_Y�io�̂b\�l_Ŷdh]̂_d�hYf�]\d̂XeX]ĥX_Y�io�̂b\�l_YẐdk]̂X_Y�qhYhr\d�hYf�cd]bX̂\]̂p�hYf�sX̂b_k̂�̂\dnXYĥXYr�̂b\�l_Ŷdh]̂p�nhg\�[hon\Ŷ�_e�̂b\�ihjhY]\�fk\�e_d�̂bĥ�[_d̂X_Y�_e�̂b\�a_dg�ekjjo�]_n[j\̂\fp�]_dd\]̂\fp�]_n[j\̂\f�hYf�h]]\[̂\f̀��e�̂b\�d\nhXYXYr�ihjhY]\�e_d�a_dg�Y_̂�ekjjo�]_n[j\̂\f�_d�]_dd\]̂\f�XZ�j\ZZ�̂bhY�d\̂hXYhr\�ẐX[kjĥ\f�XY�̂b\�l_Ŷdh]̂�m_]kn\ŶZp�hYf�Xe�i_YfZ�bhw\�i\\Y�ekdYXZb\fp�̂b\�sdX̂̂\Y�]_YZ\Ŷ�_e�̂b\�Zkd\̂o�̂_�[hon\Ŷ�_e�̂b\�ihjhY]\�fk\�e_d�̂bĥ�[_d̂X_Y�_e�̂b\�a_dg�ekjjo�]_n[j\̂\f�hYf�h]]\[̂\f�Zbhjj�i\�
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XYZ[\]]̂_�Z̀�]â�bcd]efg]ce�]c�]â�hega\]̂g]�]aecYia�]â�bcdX]eYg]\cd�jfdfîe�ke\ce�]c�ĝe]\l\gf]\cd�cl�XYga�kf̀[̂d]m�nYga�kf̀[̂d]�Xafoo�Ẑ�[f_̂�Yd_̂e�]̂e[X�fd_�gcd_\]\cdX�icp̂ed\di�l\dfo�kf̀[̂d]q�̂rĝk]�]af]�\]�Xafoo�dc]�gcdX]\]Y]̂�f�sf\p̂e�cl�bof\[Xm�tuvw�xyz{ o\̂dXq�bof\[Xq�X̂gYe\]̀�\d]̂êX]Xq�\d]̂êX]X�ce�̂dgY[ZefdĝX�fe\X\di�cY]�cl�]â�bcd]efg]�fd_�YdX̂]]ô_|z} lf\oYê�cl�]â�~ce��]c�gc[kò�s\]a�]â�ê�Y\ê[̂d]X�cl�]â�bcd]efg]��cgY[̂d]X|�cezx ]̂e[X�cl�Xk̂g\fo�sfeefd]\̂X�ê�Y\ê_�Z̀�]â�bcd]efg]��cgY[̂d]X|�cez� fY_\]X�k̂elce[̂_�Z̀�]â��sd̂eq�\l�k̂e[\]]̂_�Z̀�]â�bcd]efg]��cgY[̂d]Xq�fl]̂e�l\dfo�kf̀[̂d]m�cgY[̂d]Xm���z{�zy�hgĝk]fdĝ�cl�l\dfo�kf̀[̂d]�Z̀�]â�bcd]efg]ceq�f�nYZgcd]efg]ceq�ce�f�XYkko\̂eq�nYZgcd]efg]ce�ce�[f]̂e\fo�XYkko\̂e�Xafoo�gcdX]\]Y]̂�f�sf\p̂e�cl�gof\[X�Z̀�]af]�kf̀^̂�̂rĝk]�]acX̂�kêp\cYXò�[f_̂�\d�se\]\di�fd_�\_̂d]\l\̂_�Z̀�]af]�kf̀^̂�fX�YdX̂]]ô_�f]�]â�]\[̂�cl�l\dfo�hkko\gf]\cd�lce��f̀[̂d]m���z{�z���d�]â�̂p̂d]�]â�bcd]efg]ce�_ĉX�dc]�fga\̂p̂�l\dfo�gc[kô]\cd�s\]a\d�cd̂�aYd_ê_�fd_�]ŝd]̀�������_f̀X�fl]̂e�]â�_f]̂�cl�nYZX]fd]\fo�bc[kô]\cdq�foocs\di�lce�fd̀�fkkecp̂_�̂r]̂dX\cdX�cl�]â�bcd]efg]�]\[̂q�bcd]efg]ce�Xafoo�dc]�Ẑ�d̂]\]ô_�]c�fd̀�lYe]âe�kf̀[̂d]�fd_�bcd]efg]ce�âêZ̀�fiê̂X�]af]�XYga�lf\oYê�]c�gc[kô]̂�]â�sce��s\]a\d�]â�]\[̂�X̂]�lce]a�fZcp̂�Xafoo�gcdX]\]Y]̂�f�sf\p̂e�cl�foo�gof\[X�Z̀�]â�bcd]efg]ce�]c�fd̀�[cd̂ �̀]af]�[f̀�Ẑ�_Ŷm���a\X�kecp\X\cd�Xafoo�dc]�ck̂ef]̂�fX�f�sf\p̂e�Z̀�]â��sd̂e�cl�fd̀�gof\[X�ce�ê[̂_\̂X�cl�fd̀�df]Yê�fif\dX]�]â�bcd]efg]ce�fe\X\di�cY]�cl�]â�bcd]efg]m��â�bcd]efg]ce�Xafoo�Ẑ�êXkcdX\Zô�lce�\d\]\f]\diq�[f\d]f\d\diq�[f\d]f\d\di�fd_�XYk̂ep\X\di�foo�Xfl̂]̀�kêgfY]\cdX�fd_�kecief[X�\d�gcdd̂g]\cd�s\]a�]â�k̂elce[fdĝ�cl�]â�bcd]efg]m��â�bcd]efg]ce�Xafoo�XYZ[\]�]â�bcd]efg]ce�X�Xfl̂]̀�kecief[�]c�]â�bcdX]eYg]\cd�jfdfîe�lce�êp\̂s�fd_�gcce_\df]\cd�s\]a�]â�Xfl̂]̀�kecief[X�cl�c]âe�bcd]efg]ceXmtuvw�x���{�z}z{��â�bcd]efg]ce�Xafoo�]f�̂�êfXcdfZô�kêgfY]\cdX�lce�Xfl̂]̀�clq�fd_�Xafoo�kecp\_̂�êfXcdfZô�kec]̂g]\cd�]c�kêp̂d]�_f[fîq�\d�Yèq�\d�Yè�ce�ocXX�]c� z} ]â�~ce��fd_�[f]̂e\foX�fd_�̂�Y\k[̂d]�]c�Ẑ�\dgcekcef]̂_�]âê\dq�sâ]âe�\d�X]cefî�cd�ce�cll�]â�X\]̂q�Yd_̂e�gfêq�gYX]c_̀q�ce�gcd]eco�cl�]â�bcd]efg]ceq�f�nYZgcd]efg]ceq�ce�f�nYZ�XYZgcd]efg]ce|gYX]c_̀�ce�gcd]eco�cl�]â�bcd]efg]ce�ce�]â�bcd]efg]ce�X�nYZgcd]efg]ceX�ce�nYZ�XYZgcd]efg]ceX|�zx c]âe�keck̂e]̀�f]�]â�X\]̂�ce�f_�fĝd]�]âê]cq�XYga�fX�]ê̂Xq�XaeYZXq�ofsdXq�sfo�Xq�kfp̂[̂d]Xq�ecf_sf̀Xq�X]eYg]YêXq�X]eYg]YêX�fd_�Y]\o\]\̂X�dc]�_̂X\idf]̂_�lce�ê[cpfoq�êocgf]\cdq�êocgf]\cd�ce�êkofĝ[̂d]�\d�]â�gcYeX̂�cl�gcdX]eYg]\cd|�fd_z� gcdX]eYg]\cd�ce�ck̂ef]\cdX�Z̀�]â��sd̂eq�n̂kfef]̂�bcd]efg]ceXq��sd̂e�ce�c]âe�bcd]efg]ceXm��{�z}z}��â�bcd]efg]ce�Xafoo�gc[kò�s\]aq�s\]a�fd_�i\p̂�dc]\ĝX�ê�Y\ê_�Z̀�fkko\gfZô�ofsXq�X]f]Y]̂Xq�ce_\dfdĝXq�gc_̂Xq�eYôX�fd_�êiYof]\cdXq�êiYof]\cdX�fd_�ofslYo�ce_̂eX�cl�kYZo\g�fY]ace\]\̂Xq�fY]ace\]\̂X�Ẑfe\di�cd�Xfl̂]̀�cl�k̂eXcdX�ce�keck̂e]̀�ce�]â\e�kec]̂g]\cd�lec[�_f[fîq�\d�Yèq�\d�Yè�ce�ocXXm��{�z}zx��â�bcd]efg]ce�Xafoo�\[kô[̂d]q�̂êg]q�̂êg]�fd_�[f\d]f\dq�fX�ê�Y\ê_�Z̀�̂r\X]\di�gcd_\]\cdX�fd_�k̂elce[fdĝ�cl�]â�bcd]efg]q�êfXcdfZô�Xfl̂iYfe_X�lce�Xfl̂]̀�fd_�kec]̂g]\cdq�\dgoY_\di�kcX]\di�_fdîe�X\idX�fd_�c]âe�sfed\diX�fif\dX]�af�fe_X|�af�fe_Xq�kec[Yoif]\di�Xfl̂]̀�êiYof]\cdX|�êiYof]\cdX�fd_�dc]\l̀\di�]â�csd̂eX�fd_�YX̂eX�cl�f_�fĝd]�X\]̂X�fd_�Y]\o\]\̂X�cl�]â�Xfl̂iYfe_XmY]\o\]\̂Xm������������~âd�YX̂�ce�X]cefî�cl�̂rkocX\p̂Xq�ce�c]âe�af�fe_cYX�[f]̂e\foXq�XYZX]fdĝX�ce�̂�Y\k[̂d]q�ce�YdYXYfo�[̂]ac_X�fê�d̂ĝXXfè�lce�̂r̂gY]\cd�cl�]â�~ce�q�]â�bcd]efg]ce�Xafoo�i\p̂�]â��sd̂e�fd_�bcdX]eYg]\cd�jfdfîe�êfXcdfZô�f_pfdĝ�dc]\ĝm
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X�YZ[\[][\�̂_�̀ab�cdèfgh̀�idhjkbèl�fbmjnfb�̀ab�cdèfgh̀df�̀d�ageopb�kg̀bfngpl�df�ljql̀gehbl�̀ag̀�jeobf�hbf̀gne�hnfhjkl̀gehbl�kgr�qb�oblnseg̀bo�gl�agtgfodjlu�̀ab�cdèfgh̀df�lagpp�ageopb�ljha�kg̀bfngpl�ne�ge�gvvfdvfng̀b�kgeebfwx�yz{|{}�~ab�cdèfgh̀df�lagpp�vfdkv̀pr�fbkbor�ogkgsb�geo�pdll��d̀abf�̀age�ogkgsb�df�pdll�neljfbo�jeobf�vfdvbf̀r�neljfgehb�fbmjnfbo�qr�̀ab�cdèfgh̀�idhjkbèl��̀d�vfdvbf̀r�fb_bffbo�̀d�ne��bh̀ndel���w�w�w�u���w�w�w��geo���w�w�w��hgjlbo�ne��adpb�df�ne�vgf̀�qr�̀ab�cdèfgh̀dfu�g��jqhdèfgh̀dfu�g��jq�ljqhdèfgh̀dfu�df�gerdeb�onfbh̀pr�df�neonfbh̀pr�bkvpdrbo�qr�ger�d_�̀abku�df�qr�gerdeb�_df��adlb�gh̀l�̀abr�kgr�qb�pngqpb�geo�_df��anha�̀ab�cdèfgh̀df�nl�fblvdelnqpb�jeobf��bh̀ndel���w�w�w�u���w�w�w��geo���w�w�w�w�~ab�cdèfgh̀df�kgr�kg�b�g�cpgnk�_df�̀ab�hdl̀�̀d�fbkbor�̀ab�ogkgsb�df�pdll�̀d�̀ab�b�̀bè�ljha�ogkgsb�df�pdll�nl���w�w�w�u�b�hbv̀�ogkgsb�df�pdll�g̀̀fnqj̀gqpb�̀d�gh̀l�df�dknllndel�d_�̀ab���ebfu�cdel̀fjh̀nde��gegsbf�df��fhaǹbh̀�df�gerdeb�onfbh̀pr�df�neonfbh̀pr�bkvpdrbo�qr�ger�d_�̀abku�df�qr�gerdeb�_df��adlb�gh̀l�ger�d_�̀abk�kgr�qb�pngqpbu�geo�ed̀�g̀̀fnqj̀gqpb�̀d�̀ab�_gjp̀�df�ebspnsbehb�d_�̀ab�cdèfgh̀dfw�~ab�_dfbsdnes�dqpnsg̀ndel�d_�̀ab�cdèfgh̀df�gfb�ne�gooǹnde�̀d�̀ab�cdèfgh̀df�l�dqpnsg̀ndel�jeobf��bh̀nde��w��w�̂_�bǹabf�vgf̀r�lj__bfl�ne�jfr�df�ogkgsb�̀d�vbflde�df�vfdvbf̀r�qbhgjlb�d_�ge�gh̀�df�dknllnde�d_�̀ab�d̀abf�vgf̀ru�df�d_�d̀abfl�_df��adlb�gh̀l�ljha�vgf̀r�nl�pbsgppr�fblvdelnqpbu��fǹ̀be�ed̀nhb�d_�̀ab�ljha�ne�jfr�df�ogkgsbu��ab̀abf�df�ed̀�neljfbou�lagpp�qb�sn�be�̀d�̀ab�d̀abf�vgf̀r��ǹane�g�fbgldegqpb�̀nkb�ed̀�b�hbbones����̀�bèr�deb������ogrl�g_̀bf�onlhd�bfrw�~ab�ed̀nhb�lagpp�vfd�nob�lj__nhnbè�ob̀gnp�̀d�begqpb�̀ab�d̀abf�vgf̀r�̀d�ne�bl̀nsg̀b�̀ab�kg̀̀bfw��x�yz{�{y�~ab�cdèfgh̀df�nl�fblvdelnqpb�_df�hdkvpngehb��ǹa�ger�fbmjnfbkbèl�nehpjobo�ne�̀ab�cdèfgh̀�idhjkbèl�fbsgfones�agtgfodjl�kg̀bfngpl�df�ljql̀gehblw�kg̀bfngplw�̂_�̀ab�cdèfgh̀df�behdjèbfl�g�agtgfodjl�kg̀bfngp�df�ljql̀gehb�ed̀�goofbllbo�ne�̀ab�cdèfgh̀�idhjkbèl�geo�n_�fbgldegqpb�vfbhgj̀ndel��npp�qb�negobmjg̀b�̀d�vfb�bè�_dfblbbgqpb�qdonpr�ne�jfr�df�obg̀a�̀d�vbfldel�fbljp̀nes�_fdk�g�kg̀bfngp�df�ljql̀gehbu�nehpjones�qj̀�ed̀�pnkǹbo�̀d�̀du�glqbl̀dl�df�vdprhapdfneg̀bo�qnvaberp���c��u�behdjèbfbo���c��ubehdjèbfbo�de�̀ab�lǹb�qr�̀ab�cdèfgh̀dfu�̀ab�cdèfgh̀df�lagppu�jvde�fbhdsentnes�̀ab�hdeoǹndeu�nkkbong̀bpr�l̀dv��df��ne�̀ab�g__bh̀bo�gfbg�geo�ed̀n_r�fbvdf̀�̀ab�hdeoǹnde�̀d�̀ab���ebfu�cdel̀fjh̀nde��gegsbf�geo��fhaǹbh̀�d_�̀ab�hdeoǹndewne��fǹnesw�x�yz{�{|��vde�fbhbnv̀�d_�̀ab�cdèfgh̀df�l��fǹ̀be�ed̀nhbu�̀ab���ebf�lagpp�dq̀gne�̀ab�lbf�nhbl�d_�g�pnhbelbo�pgqdfg̀dfr�̀d��bfn_r�̀ab�g�vfblbehb�df�gqlbehb�d_�̀ab�kg̀bfngp�df�ljql̀gehb�fbvdf̀bo�qr�̀ab�cdèfgh̀df�geou�ne�̀ab�b�bè�ljha�kg̀bfngp�df�ljql̀gehb�nl�_djeo�̀d�qb�vfblbèu�̀d�hgjlb�ǹ�̀d�qb�fbeobfbo�agfkpbllw��epbll�d̀abf�nlb�fbmjnfbo�qr�̀ab�cdèfgh̀�idhjkbèlu�̀ab���ebf�lagpp�_jfenla�ne��fǹnes�̀d�̀ab�cdèfgh̀dfu�cdel̀fjh̀nde��gegsbf�geo��fhaǹbh̀�̀ab�egkbl�geo�mjgpn_nhg̀ndel�d_�vbfldel�df�bèǹnbl��ad�gfb�̀d�vbf_dfk�̀bl̀l��bfn_rnes�̀ab�vfblbehb�df�gqlbehb�d_�̀ab�ljha�kg̀bfngp�df�ljql̀gehb�df��ad�gfb�̀d�vbf_dfk�̀ab�̀gl��d_�fbkd�gp�df�lg_b�hdègnekbè�d_�̀ab�ljha�kg̀bfngp�df�ljql̀gehbw�~ab�cdèfgh̀dfu�̀ab�cdel̀fjh̀nde��gegsbf�geo�̀ab��fhaǹbh̀��npp�vfdkv̀pr�fbvpr�̀d�̀ab���ebf�ne��fǹnes�l̀g̀nes��ab̀abf�df�ed̀�ger�d_�̀abk�agl�fbgldegqpb�dq�bh̀nde�̀d�̀ab�vbfldel�df�bèǹnbl�vfdvdlbo�qr�̀ab���ebfw�̂_�̀ab�cdèfgh̀dfu�cdel̀fjh̀nde��gegsbf�df��fhaǹbh̀�agl�ge�dq�bh̀nde�̀d�g�vbflde�df�bèǹr�vfdvdlbo�qr�̀ab���ebfu�̀ab���ebf�lagpp�vfdvdlb�ged̀abf�̀d��adk�̀ab�cdèfgh̀dfu�̀ab�cdel̀fjh̀nde��gegsbf�geo�̀ab��fhaǹbh̀�ag�b�ed�fbgldegqpb�dq�bh̀ndew��abe�̀ab�kg̀bfngp�df�ljql̀gehb�agl�qbbe�fbeobfbo�agfkpbllu��df��ne�̀ab�g__bh̀bo�gfbg�lagpp�fbljkb�jvde��fǹ̀be�gsfbbkbè�d_�̀ab���ebf�geo�cdèfgh̀dfw��r�cagesb��fobfu�̀ab�cdèfgh̀�~nkb�lagpp�qb�b�̀beobo�gvvfdvfng̀bpr�geo�̀ab�cdèfgh̀��jk�lagpp�qb�nehfbglbo�qr�ne�̀ab�gkdjè�d_�̀ab�cdèfgh̀df�l�fbgldegqpb�gooǹndegp�hdl̀l�d_�laj̀od�eu�obpgru�laj̀�od�eu�obpgr�geo�l̀gf̀�jvwx�yz{�{��~d�̀ab�_jppbl̀�b�̀bè�vbfkǹ̀bo�qr�pg�u�̀ab���ebf�lagpp�neobken_r�geo�adpo�agfkpbll�̀ab�cdèfgh̀dfu��jqhdèfgh̀dflu�cdel̀fjh̀nde��gegsbfu��fhaǹbh̀u�̀abnf�hdeljp̀gèlu�geo�gsbèl�geo�bkvpdrbbl�d_�ger�d_�̀abk�_fdk�geo�gsgnel̀�hpgnklu�ogkgsblu�pdllblu�geo�b�vbelblu�nehpjones�qj̀�ed̀�pnkǹbo�̀d�g̀̀dfebrl��_bblu�gfnlnes�dj̀�d_�df�fbljp̀nes�_fdk�vbf_dfkgehb�d_�̀ab��df��ne�̀ab�g__bh̀bo�gfbg�n_�ne�_gh̀�̀ab�kg̀bfngp�df�ljql̀gehb�vfblbèl�̀ab�fnl��d_�qdonpr�ne�jfr�df�obg̀a�gl�oblhfnqbo�ne��bh̀nde���w�w��geo�agl�ed̀�qbbe�fbeobfbo�agfkpbllu�vfd�nobo�̀ag̀�ljha�hpgnku�ogkgsbu�pdllu�df�b�vbelb�nl�g̀̀fnqj̀gqpb�̀d�qdonpr�ne�jfru�lnh�ebllu�onlbglb�df�obg̀au�df�̀d�ne�jfr�̀d�df�obl̀fjh̀nde�d_�g̀esnqpb�vfdvbf̀r��d̀abf�̀age�̀ab��df��ǹlbp_�u�b�hbv̀�̀d�̀ab�b�̀bè�̀ag̀�ljha�ogkgsbu�pdllu�df�b�vbelb�nl�ojb�̀d�̀ab�_gjp̀�df�ebspnsbehb�d_�̀ab�vgf̀r�lbb�nes�neobkeǹrwx�yz{�{|{y���hbv̀nde�nl�kgob�_df�̀ab�cdèfgh̀df�b�vfbllpr�fb̀gnebo�_df�̀ab�fbkd�gp�d_�pbgou�glqbl̀dl�df�vdprhapdfneg̀bo���c���_fdk�̀ab�lǹbw��̂e�̀anl�hdeoǹndeu�gpp�cdèfgh̀��vbhn_nhg̀ndel�geo�ifg�nesl�lagpp�sd�bfe�̀ab�ageopnes�d_�̀anl�kg̀bfngpw



����������	���
�����������������������
������������������������� !"#$%�&�'(()*�)++(*�,-.�)+'(�/ �0$1�231!"4,-�5-6%"%7%1��8�2!4$"%14%69�2::�!"#$%6�!161!;1.9�0$1�<231!"4,-�5-6%"%7%1��8�2!4$"%14%6*=�<252*=�%$1�252�>�#�*�,-.�<252���-%!,4%�?�4731-%6=�,!1�!1#"6%1!1.�%!,.13,!@6�,-.�3, �-�%�/1�761.�A"%$�7%��1!3"66"�-9�0$"6�.�4731-%�A,6��!�.741.�/ �252�6�8%A,!1�,%�'BC)+C+D�E0��-�+FG'HG)+))�7-.1!�I!.1!�J�9)''D)KHBD'�A$"4$�1L�"!16��-�+)G)FG)+)B*�"6�-�%�8�!�!16,:1*�"6�:"41-61.�8�!��-1M%"31�761��-: *�,-.�3, ��-: �/1�761.�"-�,44�!.,-41�A"%$�%$1�252���-%!,4%�?�4731-%6N�01!36��8�O1!;"419�0��!1��!%�4�� !"#$%�;"�:,%"�-6*�1M3,":�4�� !"#$%P,",9�!#9Q����R����S� T'F'D(++K+HU VW

X�YZ[\[]�̂_̀�abc̀d�e_fgg�chi�j̀�d̀ekhceljg̀�mcǹd�i_le�òpilhc�qrst�uhd�_fvfdnhme�wfìdlfge�hd�emjeifcp̀e�i_̀�xhcidfpihd�jdlcye�ih�i_̀�elì�mcg̀ee�emp_�wfìdlfge�hd�emjeifcp̀e�fd̀�d̀zmld̀n�j{�i_̀�xhcidfpi�|hpmẁcies�̂_̀�abc̀d�e_fgg�j̀�d̀ekhceljg̀�uhd�_fvfdnhme�wfìdlfge�hd�emjeifcp̀e�d̀zmld̀n�j{�i_̀�xhcidfpi�|hpmẁcie}�̀~p̀ki�ih�i_̀�̀~ìci�hu�i_̀�xhcidfpihd�e�ufmgi�hd�c̀yglỳcp̀�lc�i_̀�mè�fcn�_fcnglcy�hu�emp_�wfìdlfge�hd�emjeifcp̀esX�YZ[\[��̂_̀�xhcidfpihd�e_fgg�d̀lwjmdè�lcǹwclu{�i_̀�abc̀d�uhd�i_̀�phei�fcn�̀~k̀cè�i_̀�abc̀d�lcpmde��q��uhd�d̀ẁnlfilhc�hu�_fvfdnhme�wfìdlfge�hd�emjeifcp̀e�f�wfìdlfg�hd�emjeifcp̀�i_̀�xhcidfpihd�jdlcye�ih�i_̀�elì�fcn�c̀yglỳcig{�_fcng̀e}�hd�����b_̀d̀�i_̀�xhcidfpihd�uflge�ih�k̀duhdw�lie�hjglyfilhce�mcǹd�òpilhc�qrstsq}�̀~p̀ki�ih�i_̀�~̀ìci�i_fi�i_̀�phei�fcn�̀~k̀cè�fd̀�nm̀�ih�i_̀�abc̀d�e�ufmgi�hd�c̀yglỳcp̀sX�YZ[\[���u}�bli_hmi�c̀yglỳcp̀�hc�i_̀�kfdi�hu�i_̀�xhcidfpihd}�i_̀�xhcidfpihd�le�_̀gn�glfjg̀�j{�f�yh�̀dcẁci�fỳcp{�uhd�i_̀�phei�hu�d̀ẁnlfilhc�hu�f�_fvfdnhme�wfìdlfg�hd�emjeifcp̀�ehg̀g{�j{�d̀fehc�hu�k̀duhdwlcy��hd��fe�d̀zmld̀n�j{�i_̀�xhcidfpi�|hpmẁcie}�i_̀�abc̀d�e_fgg�d̀lwjmdè�i_̀�xhcidfpihd�uhd�fgg�phei�fcn�̀~k̀cè�i_̀d̀j{�lcpmdd̀ns�c�fc�̀ẁdỳcp{�fuùpilcy�efùi{�hu�k̀dehce�hd�kdhk̀di{}�i_̀�xhcidfpihd�e_fgg�fpi}�fi�i_̀�xhcidfpihd�e�nlepd̀ilhc}�ih�kd̀�̀ci�i_d̀fìc̀n�nfwfỳ}�lc�md{}�lc�md{�hd�ghees��nnlilhcfg�phwk̀cefilhc�hd�̀~ìcelhc�hu�ilẁ�pgflẁn�j{�i_̀�xhcidfpihd�hc�fpphmci�hu�fc�̀ẁdỳcp{�e_fgg�j̀�ǹìdwlc̀n�fe�kdh�lǹn�lc��dilpg̀�q��fcn��dilpg̀��s�����\�X�YY[Y�xhcidfpihd�e��cemdfcp̀�fcn��hcne��������������������� �¡��¢����£X�YY[Y[Y�̂_̀�xhcidfpihd�e_fgg�kmdp_fè�fcn�wflciflc�lcemdfcp̀�hu�i_̀�i{k̀e�fcn�glwlie�hu�glfjlgli{}�phciflclcy�i_̀�c̀nhdèẁcie}�fcn�emj�̀pi�ih�i_̀�ìdwe�fcn�phcnlilhce}�fe�ǹepdlj̀n�lc�i_̀��yd̀̀ ẁci�hd�̀gèb_̀d̀�lc�i_̀�xhcidfpi�|hpmẁcies�̂_̀�xhcidfpihd�e_fgg�kmdp_fè�fcn�wflciflc�i_̀�d̀zmld̀n�lcemdfcp̀�udhw�fc�lcemdfcp̀�phwkfc{�hd�lcemdfcp̀�phwkfcl̀e�gfbumgg{�fmi_hdlv̀n�ih�leem̀�lcemdfcp̀�lc�i_̀��mdlenlpilhc�b_̀d̀�i_̀�¤dh�̀pi�le�ghpfìns�̂_̀�abc̀d}�xhceidmpilhc�¥fcfỳd�fcn�xhceidmpilhc�¥fcfỳd�e�phcemgifcie}�fcn�i_̀��dp_lìpi�fcn��dp_lìpi�e�phcemgifcie}�e_fgg�j̀�cfẁn�fe�fnnlilhcfg�lcemd̀ne�mcǹd�i_̀�xhcidfpihd�e�phwẁdplfg�ỳc̀dfg�glfjlgli{�khglp{�hd�fe�hi_̀dblè�ǹepdlj̀n�lc�i_̀�xhcidfpi�|hpmẁciesudhw�fcn�wflciflc�lc�f�phwkfc{�hd�phwkfcl̀e�gfbumgg{�fmi_hdlv̀n�ih�nh�jmelc̀ee�lc�i_̀��mdlenlpilhc�lc�b_lp_�i_̀�¤dh�̀pi�le�ghpfìn�emp_�lcemdfcp̀�fe�blgg�kdhìpi�i_̀�xhcidfpihd�udhw�pgflwe�èi�uhdi_�j̀ghb�b_lp_�wf{�fdlè�hmi�hu�hd�d̀emgi�udhw�i_̀�xhcidfpihd�e�hk̀dfilhce�fcn�phwkg̀ìn�hk̀dfilhce�mcǹd�i_̀�xhcidfpi�fcn�uhd�b_lp_�i_̀�xhcidfpihd�wf{�j̀�g̀yfgg{�glfjg̀}�b_̀i_̀d�emp_�hk̀dfilhce�j̀�j{�i_̀�xhcidfpihd�hd�j{�f�omjphcidfpihd�hd�j{�fc{hc̀�nld̀pig{�hd�lcnld̀pig{�̀wkgh{̀n�j{�fc{�hu�i_̀w}�hd�j{�fc{hc̀�uhd�b_hè�fpie�fc{�hu�i_̀w�wf{�j̀�glfjg̀¦[Y xgflwe�mcǹd�bhd�̀de��phwk̀cefilhc}�nlefjlgli{�j̀c̀uli�fcn�hi_̀d�elwlgfd�̀wkgh{̀ �̀j̀c̀uli�fpie�b_lp_�fd̀�fkkglpfjg̀�ih�i_̀��hd��ih�j̀�k̀duhdẁn}�lcpgmnlcy�kdl�fì�̀cilil̀e�k̀duhdwlcy��hd��fi�i_̀�elì�fcn�~̀̀wki�udhw�i_̀�ph�̀dfỳ�hc�fpphmci�hu�cmwj̀d�hu�̀wkgh{̀ è�hd�hppmkfilhc}�b_lp_�̀cilil̀e�e_fgg�wflciflc��hgmcifd{�phwk̀cefilhc�ph�̀dfỳ�fi�i_̀�efẁ�glwlie�ek̀plul̀n�uhd�wfcnfihd{�ph�̀dfỳ�uhd�i_̀�nmdfilhc�hu�i_̀�¤dh�̀pi§©̈ xgflwe�uhd�nfwfỳe�j̀pfmè�hu�jhnlg{�lc�md{}�hppmkfilhcfg�elp�c̀ee�hd�nlèfè}�hd�ǹfi_�hu�i_̀�xhcidfpihd�e�̀wkgh{̀ è�hd�k̀dehce�hd�̀cilil̀e�̀~pgmǹn�j{�eifimì�udhw�i_̀�d̀zmld̀ẁcie�hu�òpilhc�qqsqsqsq�jmi�d̀zmld̀n�j{�i_̀�xhcidfpi�|hpmẁcie�ih�kdh�lǹ�i_̀�lcemdfcp̀�d̀zmld̀n�j{�i_fi�èpilhc§[\ xgflwe�uhd�nfwfỳe�j̀pfmè�hu�jhnlg{�lc�md{}�elp�c̀ee�hd�nlèfè}�hd�ǹfi_�hu�fc{�k̀dehc�hi_̀d�i_fc�i_̀�xhcidfpihd�e�̀wkgh{̀ è§[] xgflwe�uhd�nfwfỳe�lcemd̀n�j{�memfg�k̀dehcfg�lc�md{�glfjlgli{�ph�̀dfỳ§[� xgflwe�uhd�nfwfỳe}�hi_̀d�i_fc�ih�i_̀��hd��liègu}�j̀pfmè�hu�lc�md{�ih�hd�ǹeidmpilhc�hu�ifcyljg̀�kdhk̀di{}�lcpgmnlcy�ghee�hu�mè�d̀emgilcy�i_̀d̀udhw§[� xgflwe�uhd�nfwfỳe�j̀pfmè�hu�jhnlg{�lc�md{}�ǹfi_�hu�f�k̀dehc�hd�kdhk̀di{�nfwfỳ�fdlelcy�hmi�hu�hbc̀de_lk}�wflcìcfcp̀�hd�mè�hu�f�whihd��̀_lpg̀§�fcn[� xgflwe�uhd�jhnlg{�lc�md{�hd�kdhk̀di{�nfwfỳ�fdlelcy�hmi�hu�phwkg̀ìn�hk̀dfilhce§�fcn[ª xgflwe�lc�hg�lcy�phcidfpimfg�glfjlgli{�lcemdfcp̀�fkkglpfjg̀�ih�i_̀�xhcidfpihd�e�hjglyfilhce�mcǹd�òpilhc�tsq«sX�YY[Y[¬�̂_̀�xhcidfpihd�e_fgg�kdh�lǹ�emd̀i{�jhcne�hu�i_̀�i{k̀e}�uhd�emp_�k̀cfg�emwe}�fcn�emj�̀pi�ih�emp_�ìdwe�fcn�phcnlilhce�fe�d̀zmld̀n�j{�i_̀�xhcidfpi�|hpmẁcies�̂_̀�xhcidfpihd�e_fgg�kmdp_fè�fcn�wflciflc�i_̀�d̀zmld̀n�jhcne�udhw�f�phwkfc{�hd�phwkfcl̀e�gfbumgg{�fmi_hdlv̀n�ih�leem̀�emd̀i{�jhcne�lc�i_̀��mdlenlpilhc�b_̀d̀�i_̀�¤dh�̀pi�le�
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WX�YZ[�\]̂_̀a[�ba�c[d_[eY�b\�YZ[�fgc[a�Yb�h̀aeZ]i[�ba�j]̂cY]̂c�YZ[�a[k̀ â[l�̂cìa]ce[m�YZ[�fgc[a�iZ]__�a[̂jẀai[�YZ[�nbcYa]eYba�\ba�]__�a[]ibc]W_[�ebiYi�]cl�l]j]d[i�]YYâẀY]W_[�YZ[a[Ybop�qqrsrt�uvwxyz�v{�|}~yz��}wxv~�v�����x�}wxv~�v{���~z�����z��x�z����v�z�w���~���}~yzr��ŶẐc�YZa[[�����Ẁîc[ii�l]Xi�b\�YZ[�l]Y[�YZ[�fgc[a�W[ebj[i�]g]a[�b\�]c�̂jh[cl̂cd�ba�]eỲ]_�e]ce[__]Ŷbc�ba�[�ĥa]Ŷbc�b\�]cX�habh[aYX�ĉìa]ce[�a[k̀ â[l�WX�YZ[�nbcYa]eY��bèj[cYim�YZ[�fgc[a�iZ]__�hab�̂l[�cbŶe[�l̂a[eY_X�Yb�YZ[�nbcYa]eYbam�]cl�i[h]a]Y[_X�Yb�YZ[�nbciYàeŶbc��]c]d[am�b\�ìeZ�̂jh[cl̂cd�ba�]eỲ]_�e]ce[__]Ŷbc�ba�[�ĥa]Ŷbco��c_[ii�YZ[�_]hi[�̂c�eb�[a]d[�]âi[i�\abj�]c�]eY�ba�bĵiîbc�b\�YZ[�nbcYa]eYba������YZ[�nbcYa]eYbam�̀hbc�a[e[̂hY�b\�cbŶe[�\abj�YZ[�fgc[am�iZ]__�Z]�[�YZ[�âdZY�Yb�iYbh�YZ[��ba��̀cŶ_�YZ[�_]hi[�̂c�eb�[a]d[�Z]i�W[[c�èa[l�WX�YZ[�habèa[j[cY�b\�a[h_]e[j[cY�eb�[a]d[�WX�[̂YZ[a�YZ[�fgc[a�ba�YZ[�nbcYa]eYba������YZ[�nbcYa]eY��̂j[�]cl�nbcYa]eY��̀j�iZ]__�W[�[k̀ Ŷ]W_X�]l�̀iY[l��]cl�����YZ[�fgc[a�g]̂�[i�]__�âdZYi�]d]̂ciY�YZ[�nbcYa]eYbam��̀WebcYa]eYbaim�]cl��̀W ìWebcYa]eYbai�Yb�YZ[�[�Y[cY�]cX�_bii�Yb�YZ[�fgc[a�gb̀_l�Z]�[�W[[c�eb�[a[l�WX�YZ[�̂cìa]ce[�Z]l�̂Y�cbY�[�ĥa[l�ba�W[[c�e]ce[__[lo�¡\�YZ[�nbcYa]eYba�h̀aeZ]i[i�a[h_]e[j[cY�eb�[a]d[m�YZ[�ebiY�b\�YZ[�̂cìa]ce[�iZ]__�W[�eZ]ad[l�Yb�YZ[�fgc[a�WX�]c�]hhabhâ]Y[�nZ]cd[�fal[ao��Z[�\̀aĉiẐcd�b\�cbŶe[�WX�YZ[�fgc[a�iZ]__�cbY�a[_̂[�[�YZ[�fgc[a�b\�]cX�ebcYa]eỲ]_�bW_̂d]Ŷbc�Yb�hab�̂l[�a[k̀ â[l�̂cìa]ce[op�qqrt��]̂�[ai�b\��̀Wabd]Ŷbc��v�z�w���~���}~yzp�qqrtrq��Z[�fgc[a�]cl�nbcYa]eYba�g]̂�[�]__�âdZYi�]d]̂ciY�����[]eZ�bYZ[a�]cl�]cX�b\�YZ[̂a�ìWebcYa]eYbaim�ìW ìWebcYa]eYbaim�]d[cYim�]cl�[jh_bX[[im�[]eZ�b\�YZ[�bYZ[a������YZ[�nbciYàeŶbc��]c]d[a�]cl�nbciYàeŶbc��]c]d[a¢i�ebcì_Y]cYi������YZ[�£aeẐY[eY�]cl�£aeẐY[eY¢i�ebcì_Y]cYi���¤��bYZ[a�nbcYa]eYbai�]cl�]cX�b\�YZ[̂a�ìWebcYa]eYbaim�ìW ìWebcYa]eYbaim�]d[cYim�]cl�[jh_bX[[i��]cl��¥���[h]a]Y[�nbcYa]eYbaim�̂\�]cXm�]cl�]cX�b\�YZ[̂a�ìWebcYa]eYbaim�ìW ìWebcYa]eYbaim�]d[cYim�]cl�[jh_bX[[im�\ba�l]j]d[i�e]̀i[l�WX�\̂a[m�ba�bYZ[a�e]̀i[i�b\�_biim�Yb�YZ[�[�Y[cY�YZbi[�_bii[i�]a[�eb�[a[l�WX�habh[aYX�̂cìa]ce[�a[k̀ â[l�WX�YZ[�£da[[j[cY�ba�bYZ[a�habh[aYX�̂cìa]ce[�]hh_̂e]W_[�Yb�YZ[�¦ab�[eYm�[�e[hY�ìeZ�âdZYi�]i�YZ[X�Z]�[�Yb�habe[[li�b\�ìeZ�̂cìa]ce[o��Z[�fgc[a�ba�nbcYa]eYbam�]i�]hhabhâ]Y[m�iZ]__�a[k̀ â[�îĵ_]a�gâYY[c�g]̂�[ai�̂c�\]�ba�b\�YZ[�̂cl̂�̂l̀]_i�]cl�[cŶŶ[i�̂l[cŶ\̂[l�]Wb�[�\abj�YZ[�nbciYàeŶbc��]c]d[am�nbciYàeŶbc��]c]d[a¢i�ebcì_Y]cYim�£aeẐY[eYm�£aeẐY[eY¢i�ebcì_Y]cYim�bYZ[a�nbcYa]eYbaim��[h]a]Y[�nbcYa]eYbaim�ìWebcYa]eYbaim�]cl�ìW ìWebcYa]eYbaio��Z[�hb_̂ê[i�b\�̂cìa]ce[�h̀aeZ]i[l�]cl�j]̂cY]̂c[l�WX�[]eZ�h[aibc�ba�[cŶYX�]da[[̂cd�Yb�g]̂�[�e_]̂ji�h̀aì]cY�Yb�YẐi��[eŶbc���o�o��iZ]__�cbY�habẐŴY�YẐi�g]̂�[a�b\�ìWabd]Ŷbco��Ẑi�g]̂�[a�b\�ìWabd]Ŷbc�iZ]__�W[�[\\[eŶ�[�]i�Yb�]�h[aibc�ba�[cŶYX�����[�[c�YZb̀dZ�YZ]Y�h[aibc�ba�[cŶYX�gb̀_l�bYZ[aĝi[�Z]�[�]�l̀YX�b\�̂cl[jĉ\̂e]Ŷbcm�ebcYa]eỲ]_�ba�bYZ[aĝi[m�����[�[c�YZb̀dZ�YZ]Y�h[aibc�ba�[cŶYX�l̂l�cbY�h]X�YZ[�̂cìa]ce[�ha[ĵ j̀�l̂a[eY_X�ba�̂cl̂a[eY_Xm�ba�����gZ[YZ[a�ba�cbY�YZ[�h[aibc�ba�[cŶYX�Z]l�]c�̂cìa]W_[�̂cY[a[iY�̂c�YZ[�l]j]d[l�habh[aYXo�c_[ii�bYZ[aĝi[�hab�̂l[lm�YZ[�nbcYa]eYba�iZ]__�h̀aeZ]i[�]cl�j]̂cY]̂cm�̂c�]�ebjh]cX�ba�ebjh]ĉ[i�_]g\̀__X�]̀YZbâ§[l�Yb�lb�Ẁîc[ii�̂c�YZ[��̀âil̂eŶbc�̂c�gẐeZ�YZ[�¦ab�[eY�̂i�_be]Y[lm�habh[aYX�̂cìa]ce[�gâYY[c�bc�]�Ẁ _̂l[a¢i�âi��̈]__�âi�̈�ba�[k̀ �̂]_[cY�hb_̂eX�\baj�̂c�YZ[�]jb̀cY�b\�YZ[�̂ĉŶ]_�nbcYa]eY��̀jm�h_̀i��]_̀[�b\�ìWi[k̀[cY�nbcYa]eY�jbl̂\̂e]Ŷbci�]cl�ebiY�b\�j]Y[â]_i�ìhh_̂[l�ba�̂ciY]__[l�WX�bYZ[aim�ebjhâîcd�YbY]_��]_̀[�\ba�YZ[�[cŶa[�¦ab�[eY�]Y�YZ[�îY[�bc�]�a[h_]e[j[cY�ebiY�W]îi�ĝYZb̀Y�bhŶbc]_�l[l̀eŶW_[io��̀eZ�habh[aYX�̂cìa]ce[�iZ]__�W[�j]̂cY]̂c[lm�̀c_[ii�bYZ[aĝi[�hab�̂l[l�̂c�YZ[�nbcYa]eY��bèj[cYi�ba�bYZ[aĝi[�]da[[l�̂c�gâŶcd�WX�]__�h[aibci�]cl�[cŶŶ[i�gZb�]a[�W[c[\̂ê]â[i�b\�ìeZ�̂cìa]ce[m�̀cŶ_�\̂c]_�h]Xj[cY�Z]i�W[[c�j]l[�]i�hab�̂l[l�̂c��[eŶbc�©o�ª�ba�̀cŶ_�cb�h[aibc�ba�[cŶYX�bYZ[a�YZ]c�YZ[�fgc[a�Z]i�]c�̂cìa]W_[�̂cY[a[iY�̂c�YZ[�habh[aYX�a[k̀ â[l�WX�YẐi��[eŶbc���o��Yb�W[�eb�[a[lm�gẐeZ[�[a�̂i�_]Y[ao��Ẑi�̂cìa]ce[�iZ]__�̂ce_̀l[�̂cY[a[iYi�b\�YZ[�fgc[am�YZ[�nbcYa]eYbam��̀WebcYa]eYbai�]cl��̀W ìWebcYa]eYbai�̂c�YZ[�¦ab�[eYop�qqrtrqrq�¦abh[aYX�̂cìa]ce[�iZ]__�W[�bc�]c�̈]__ âi�̈�ba�[k̀ �̂]_[cY�hb_̂eX�\baj�]cl�iZ]__�̂ce_̀l[m�ĝYZb̀Y�_̂ĵY]Ŷbcm�ĉìa]ce[�]d]̂ciY�YZ[�h[â_i�b\�\̂a[��ĝYZ�[�Y[cl[l�eb�[a]d[��]cl�hZXîe]_�_bii�ba�l]j]d[�̂ce_̀l̂cdm�ĝYZb̀Y�l̀h_̂e]Ŷbc�b\�eb�[a]d[m�YZ[\Ym��]cl]_̂ijm�j]_̂êb̀i�ĵieẐ[\m�eb__]hi[m�[]aYZk̀]�[m�\_bblm�ĝcliYbajm�\]_i[gba�m�Y[iŶcd�]cl�iY]aỲhm�Y[jhba]aX�Ẁ _̂l̂cdi�]cl�l[Wâi�a[jb�]_�̂ce_̀l̂cd�l[jb_̂Ŷbc�bee]îbc[l�WX�[c\bae[j[cY�b\�]cX�]hh_̂e]W_[�_[d]_�a[k̀ â[j[cYim�]cl�iZ]__�eb�[a�a[]ibc]W_[�ebjh[ci]Ŷbc�\ba�YZ[�£aeẐY[eY¢im�nbcYa]eYba¢im�]cl�nbciYàeŶbc��]c]d[a¢i�i[a�̂e[i�]cl�[�h[ci[i�a[k̀ â[l�]i�]�a[ì_Y�b\�ìeZ�̂cìa[l�_biio�p�qqrtrqrt�¡\�YZ[�habh[aYX�̂cìa]ce[�a[k̀ â[i�l[l̀eŶW_[im�YZ[�nbcYa]eYba�iZ]__�h]X�ebiYi�cbY�eb�[a[l�W[e]̀i[�b\�ìeZ�l[l̀eŶW_[io�p�qqrtrqr«��Ẑi�habh[aYX�̂cìa]ce[�iZ]__�eb�[a�hbaŶbci�b\�YZ[��ba��iYba[l�b\\�YZ[�îY[m�]cl�]_ib�hbaŶbci�b\�YZ[��ba��̂c�Ya]cîYop�qqrtrqr¬�¦]aŶ]_�beèh]ceX�ba�̀i[�̂c�]eebal]ce[�ĝYZ��[eŶbc�©o©�iZ]__�cbY�ebjj[ce[�̀cŶ_�YZ[�̂cìa]ce[�ebjh]cX�ba�ebjh]ĉ[i�hab�̂l̂cd�habh[aYX�̂cìa]ce[�Z]�[�ebci[cY[l�Yb�ìeZ�h]aŶ]_�beèh]ceX�ba�̀i[�WX�[clbai[j[cY�ba�
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WXYZ[\]̂Z_�̀YZ�a\bZ[�cbd�XYZ�eWbX[cfXW[�̂Ycgg�XchZ�[ZĉWbcigZ�̂XZĵ�XW�WiXc]b�fWb̂ZbX�Wk�XYZ�]b̂l[cbfZ�fWmjcbn�W[�fWmjcb]Ẑ�cbd�̂Ycggo�\]XYWlX�mlXlcg�\[]XXZb�fWb̂ZbXo�XchZ�bW�cfX]Wb�\]XY�[ẐjZfX�XW�jc[X]cg�Wffljcbfn�W[�l̂Z�XYcX�\Wlgd�fcl̂Z�fcbfZggcX]Wbo�gcĵZ�W[�[ZdlfX]Wb�Wk�]b̂l[cbfZp�qqrsrqrt�̀YZ�]b̂l[cbfZ�[Zul][Zd�in�vZfX]Wb�ww_x�]̂�bWX�]bXZbdZd�XW�fWyZ[�mcfY]bZ[no�XWWĝ�W[�Zul]jmZbX�W\bZd�W[�[ZbXZd�in�XYZ�eWbX[cfXW[�XYcX�c[Z�lX]g]zZd�]b�XYZ�jZ[kW[mcbfZ�Wk�XYZ�{W[h�ilX�bWX�]bfW[jW[cXZd�]bXW�XYZ�jZ[mcbZbX�]mj[WyZmZbX̂_�̀YZ�eWbX[cfXW[�̂Ycggo�cX�XYZ�eWbX[cfXW[|̂�W\b�Z}jZb̂Zo�j[Wy]dZ�]b̂l[cbfZ�fWyZ[c~Z�kW[�W\bZd�W[�[ZbXZd�mcfY]bZ[no�XWWĝ�W[�Zul]jmZbXo�\Y]fY�̂Ycgg�iZ�̂li�ZfX�XW�XYZ�j[Wy]̂]Wb̂�Wk�vZfX]Wb�ww_x_�_����������k�dl[]b~�XYZ��[W�ZfX�fWb̂X[lfX]Wb�jZ[]Wd�XYZ�a\bZ[�]b̂l[Ẑ�j[WjZ[X]Ẑo�[Zcg�W[�jZ[̂Wbcg�W[�iWXYo�cX�W[�cd�cfZbX�XW�XYZ�̂]XZ�in�j[WjZ[Xn�]b̂l[cbfZ�lbdZ[�jWg]f]Ẑ�̂Zjc[cXZ�k[Wm�XYŴZ�]b̂l[]b~�XYZ��[W�ZfXo�W[�]k�ckXZ[�k]bcg�jcnmZbX�j[WjZ[Xn�]b̂l[cbfZ�]̂�XW�iZ�j[Wy]dZd�Wb�XYZ�fWmjgZXZd��[W�ZfX�XY[Wl~Y�c�jWg]fn�W[�jWg]f]Ẑ�WXYZ[�XYcb�XYŴZ�]b̂l[]b~�XYZ��[W�ZfX�dl[]b~�XYZ�fWb̂X[lfX]Wb�jZ[]Wdo�XW�XYZ�Z}XZbX�jZ[m]̂̂]igZ�in�̂lfY�jWg]f]Ẑo�XYZ�a\bZ[�\c]yẐ�cgg�[]~YX̂�]b�cffW[dcbfZ�\]XY�XYZ�XZ[m̂�Wk�vZfX]Wb�ww_x_w�kW[�dcmc~Ẑ�fcl̂Zd�in�k][Z�W[�WXYZ[�fcl̂Ẑ�Wk�gŴ �̂fWyZ[Zd�in�XY]̂�̂Zjc[cXZ�j[WjZ[Xn�]b̂l[cbfZ_��������������������������������̀YZ�a\bZ[�̂Ycgg�jl[fYĉZ�cbd�mc]bXc]b�iW]gZ[�cbd�mcfY]bZ[n�]b̂l[cbfZ�[Zul][Zd�in�XYZ�eWbX[cfX��WflmZbX̂�W[�in�gc\o�\Y]fY�̂Ycgg�̂jZf]k]fcggn�fWyZ[�̂lfY�]b̂l[Zd�Wi�ZfX̂�dl[]b~�]b̂XcggcX]Wb�cbd�lbX]g�k]bcg�cffZjXcbfZ�in�XYZ�a\bZ[��XY]̂�]b̂l[cbfZ�̂Ycgg�]bfgldZ�]bXZ[ẐX̂�Wk�XYZ�a\bZ[o�eWb̂X[lfX]Wb��cbc~Z[o�eWbX[cfXW[o�vlifWbX[cfXW[̂�cbd�vli�̂lifWbX[cfXW[̂�]b�XYZ�{W[ho�cbd�XYZ�a\bZ[�cbd�eWbX[cfXW[�̂Ycgg�iZ�bcmZd�]b̂l[Zd̂_��������������������������������̀YZ�a\bZ[o�cX�XYZ�a\bZ[|̂�WjX]Wbo�mcn�jl[fYĉZ�cbd�mc]bXc]b�̂lfY�]b̂l[cbfZ�ĉ�\]gg�]b̂l[Z�XYZ�a\bZ[�c~c]b̂X�gŴ �̂Wk�l̂Z�Wk�XYZ�a\bZ[|̂�j[WjZ[Xn�dlZ�XW�k][Z�W[�WXYZ[�Yczc[d̂o�YW\ZyZ[�fcl̂Zd_�����������k�XYZ�eWbX[cfXW[�[ZulẐX̂�]b�\[]X]b~�XYcX�]b̂l[cbfZ�kW[�[]̂ĥ�WXYZ[�XYcb�XYŴZ�dẐf[]iZd�YZ[Z]b�W[�WXYZ[�̂jZf]cg�fcl̂Ẑ�Wk�gŴ �̂iZ�]bfgldZd�]b�XYZ�j[WjZ[Xn�]b̂l[cbfZ�jWg]fno�XYZ�a\bZ[�̂Ycggo�]k�jŴ ]̂igZo�]bfgldZ�̂lfY�]b̂l[cbfZo�cbd�XYZ�fŴX�XYZ[ZWk�̂Ycgg�iZ�fYc[~Zd�XW�XYZ�eWbX[cfXW[�in�cjj[Wj[]cXZ�eYcb~Z�a[dZ[_������� ��k�dl[]b~�XYZ��[W�ZfX�fWb̂X[lfX]Wb�jZ[]Wd�XYZ�a\bZ[�]b̂l[Ẑ�j[WjZ[X]Ẑo�[Zcg�W[�jZ[̂Wbcg�W[�iWXYo�cd�W]b]b~�W[�cd�cfZbX�XW�XYZ�̂]XZ�in�j[WjZ[Xn�]b̂l[cbfZ�lbdZ[�jWg]f]Ẑ�̂Zjc[cXZ�k[Wm�XYŴZ�]b̂l[]b~�XYZ��[W�ZfXo�W[�]k�ckXZ[�k]bcg�jcnmZbX�j[WjZ[Xn�]b̂l[cbfZ�]̂�XW�iZ�j[Wy]dZd�Wb�XYZ�fWmjgZXZd��[W�ZfX�XY[Wl~Y�c�jWg]fn�W[�jWg]f]Ẑ�WXYZ[�XYcb�XYŴZ�]b̂l[]b~�XYZ��[W�ZfX�dl[]b~�XYZ�fWb̂X[lfX]Wb�jZ[]Wdo�XYZ�a\bZ[�̂Ycgg�\c]yZ�cgg�[]~YX̂�]b�cffW[dcbfZ�\]XY�XYZ�XZ[m̂�Wk�vZfX]Wb�ww_x_��kW[�dcmc~Ẑ�fcl̂Zd�in�k][Z�W[�WXYZ[�fcl̂Ẑ�Wk�gŴ �̂fWyZ[Zd�in�XY]̂�̂Zjc[cXZ�j[WjZ[Xn�]b̂l[cbfZ_�¡gg�Ẑjc[cXZ�jWg]f]Ẑ�̂Ycgg�j[Wy]dZ�XY]̂�\c]yZ[�Wk�̂li[W~cX]Wb�in�ZbdW[̂ZmZbX�W[�WXYZ[\]̂Z_�������¢�£ZkW[Z�cb�Z}jŴl[Z�XW�gŴ �̂mcn�Wffl[o�XYZ�a\bZ[�̂Ycgg�k]gZ�\]XY�XYZ�eWbX[cfXW[�c�fWjn�Wk�ZcfY�jWg]fn�XYcX�]bfgldẐ�]b̂l[cbfZ�fWyZ[c~Ẑ�[Zul][Zd�in�XY]̂�vZfX]Wb�ww_xo�]k�[ZulẐXZd�]b�\[]X]b~�in�XYZ�eWbX[cfXW[_�¤cfY�jWg]fn�̂Ycgg�fWbXc]b�cgg�~ZbZ[cggn�cjjg]fcigZ�fWbd]X]Wb̂o�dZk]b]X]Wb̂o�Z}fgl̂]Wb̂�cbd�ZbdW[̂ZmZbX̂�[ZgcXZd�XW�XY]̂��[W�ZfX_�¤cfY�jWg]fn�̂Ycgg�fWbXc]b�c�j[Wy]̂]Wb�XYcX�XYZ�jWg]fn�\]gg�bWX�iZ�fcbfZgZd�W[�cggW\Zd�XW�Z}j][Zo�cbd�XYcX�]X̂�g]m]X̂�\]gg�bWX�iZ�[ZdlfZdo�lbX]g�cX�gZĉX�x¥�dcn̂|�j[]W[�\[]XXZb�bWX]fZ�Yĉ�iZZb�~]yZb�XW�XYZ�eWbX[cfXW[_�������¦�§��̈�������©�ª��«�¬�����̀YZ�a\bZ[�cbd�eWbX[cfXW[�\c]yZ�cgg�[]~YX̂�c~c]b̂X�w®�ZcfY�WXYZ[�cbd�cbn�Wk�XYZ][�l̂ifWbX[cfXW[̂o�̂li�̂lifWbX[cfXW[̂o�c~ZbX̂�cbd�ZmjgWnZẐ�ZcfY�Wk�XYZ�WXYZ[o�cbd�̄®�XYZ�eWb̂X[lfX]Wb��cbc~Z[o�¡[fY]XZfXo�¡[fY]XZfX|̂�fWb̂lgXcbX̂o�̂Zjc[cXZ�fWbX[cfXW[̂�dẐf[]iZd�]b�¡[X]fgZ�°o�]k�cbno�cbd�cbn�Wk�XYZ][�̂lifWbX[cfXW[̂o�l̂i�̂lifWbX[cfXW[̂o�c~ZbX̂�cbd�ZmjgWnZẐo�kW[�dcmc~Ẑ�fcl̂Zd�in�k][Z�W[�WXYZ[�fcl̂Ẑ�Wk�gŴ �̂XW�XYZ�Z}XZbX�fWyZ[Zd�in�j[WjZ[Xn�]b̂l[cbfZ�WiXc]bZd�jl[̂lcbX�XW�XY]̂�vZfX]Wb�ww_x�W[�WXYZ[�j[WjZ[Xn�]b̂l[cbfZ�cjjg]fcigZ�XW�XYZ�{W[ho�Z}fZjX�l̂fY�[]~YX̂�ĉ�XYZ�a\bZ[�cbd�eWbX[cfXW[�mcn�YcyZ�XW�XYZ�j[WfZZd̂�Wk�̂lfY�]b̂l[cbfZ�YZgd�in�XYZ�a\bZ[�ĉ�k]dlf]c[n_�ỲZ�a\bZ[�W[�eWbX[cfXW[o�ĉ�cjj[Wj[]cXZo�̂Ycgg�[Zul][Z�Wk�XYZ�eWb̂X[lfX]Wb��cbc~Z[o�eWb̂X[lfX]Wb��cbc~Z[|̂�fWb̂lgXcbX̂o�¡[fY]XZfXo�¡[fY]XZfX|̂�fWb̂lgXcbX̂o�a\bZ[|̂�̂Zjc[cXZ�fWbX[cfXW[̂�dẐf[]iZd�]b�¡[X]fgZ�°o�]k�cbno�cbd�XYZ�l̂ifWbX[cfXW[̂o�̂li�̂lifWbX[cfXW[̂o�c~ZbX̂�cbd�ZmjgWnZẐ�Wk�cbn�Wk�XYZmo�in�cjj[Wj[]cXZ�c~[ZZmZbX̂o�\[]XXZb�\YZ[Z�gZ~cggn�[Zul][Zd�kW[�ycg]d]Xno�̂]m]gc[�\c]yZ[̂�ZcfY�]b�kcyW[�Wk�WXYZ[�jc[X]Ẑ�ZblmZ[cXZd�YZ[Z]b_�̀YZ�jWg]f]Ẑ�̂Ycgg�j[Wy]dZ�̂lfY�\c]yZ[̂�Wk�̂li[W~cX]Wb�in�ZbdW[̂ZmZbX�W[�WXYZ[\]̂Z_�¡�\c]yZ[�Wk�̂li[W~cX]Wb�̂Ycgg�iZ�ZkkZfX]yZ�ĉ�XW�c�jZ[̂Wb�W[�ZbX]Xn�ZyZb�XYWl~Y�XYcX�jZ[̂Wb�W[�ZbX]Xn�\Wlgd�WXYZ[\]̂Z�YcyZ�c�dlXn�Wk�]bdZmb]k]fcX]Wbo�fWbX[cfXlcg�W[�WXYZ[\]̂Zo�d]d�bWX�jcn�XYZ�]b̂l[cbfZ�j[Zm]lm�d][ZfXgn�W[�]bd][ZfXgno�cbd�\YZXYZ[�W[�bWX�XYZ�jZ[̂Wb�W[�ZbX]Xn�Ycd�cb�]b̂l[cigZ�]bXZ[ẐX�]b�XYZ�j[WjZ[Xn�dcmc~Zd_�������±�¡�gŴ �̂]b̂l[Zd�lbdZ[�XYZ�a\bZ[|̂�j[WjZ[Xn�]b̂l[cbfZ�̂Ycgg�iZ�cd�l̂XZd�in�XYZ�a\bZ[�ĉ�k]dlf]c[n�cbd�mcdZ�jcncigZ�XW�XYZ�a\bZ[�ĉ�k]dlf]c[n�kW[�XYZ�]b̂l[Zd̂o�ĉ�XYZ][�]bXZ[ẐX̂�mcn�cjjZc[o�̂li�ZfX�XW�[Zul][ZmZbX̂�Wk�cbn�
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X�YZ[\[Z�]̂�_̀abcdècf�̂à�gcfghijk�hif_cbghaik�à�l__̀amln�eidc̀�ocbghaif�pqrsrp�lid�pqrsrt�̀cmcln�̂lhnèc�â�guc�_àghaif�â�guc�vàw�ga�bax_ny�zhgu�̀c{eh̀cxcigf�cfgl|nhfucd�|y�guc�}aig̀lbg�~abexcigfk�lnn�bafgf�xldc�icbcffl̀y�|y�febu�̂lhnèck�hibnedhij�guafc�â�̀c_clgcd�_̀abcdècf�lid�bax_ciflghai�̂à�guc�}aifg̀ebghai��liljc̀�f�lid��̀buhgcbg�f�fc̀mhbcf�lid�c�_cifcfk�fulnn�|c�lg�guc�}aig̀lbgà�f�c�_cifcrX�YZ[\[\��c{eh̀cd�bc̀gĥhblgcf�â�gcfghijk�hif_cbghaik�à�l__̀amln�fulnnk�eincff�aguc̀zhfc�̀c{eh̀cd�|y�guc�}aig̀lbg�~abexcigfk�|c�fcbècd�|y�guc�}aig̀lbgà�lid�_̀ax_gny�dcnhmc̀cd�ga�guc�}aifg̀ebghai��liljc̀�̂à�g̀lifxhggln�ga�guc��̀buhgcbgrX�YZ[\[��]̂�guc�}aifg̀ebghai��liljc̀�à��̀buhgcbg�hf�ga�a|fc̀mc�gcfgfk�hif_cbghaifk�à�l__̀amlnf�̀c{eh̀cd�|y�guc�}aig̀lbg�~abexcigfk�guc�}aifg̀ebghai��liljc̀�à��̀buhgcbg�zhnn�da�fa�_̀ax_gny�lidk�zuc̀c�_̀lbghbl|nck�lg�guc�iàxln�_nlbc�â�gcfghijrX�YZ[\[���cfgf�à�hif_cbghaif�baidebgcd�_èfelig�ga�guc�}aig̀lbg�~abexcigf�fulnn�|c�xldc�_̀ax_gny�ga�lmahd�eìclfail|nc�dcnly�hi�guc�vàwrX�YZ[��]igc̀cfg���������������������X�YZ[�[Y��cfgfk�hif_cbghaif�lid�l__̀amlnf�â�_àghaif�â�guc�vàw�fulnn�|c�xldc�lf�̀c{eh̀cd�|y�guc�}aig̀lbg�~abexcigf�lid�|y�l__nhbl|nc�nlzfk�fglgegcfk�àdhilibcfk�badcfk�̀encf�lid�̀cjenlghaif�à�nlẑen�àdc̀f�â�_e|nhb�leguàhghcfr��incff�aguc̀zhfc�_̀amhdcdk�guc�}aig̀lbgà�fulnn�xlwc�l̀̀lijcxcigf�̂à�febu�gcfgfk�hif_cbghaif�lid�l__̀amlnf�zhgu�li�hidc_cidcig�gcfghij�nl|àlgày�à�cighgy�lbbc_gl|nc�ga�guc��zic̀k�à�zhgu�guc�l__̀a_̀hlgc�_e|nhb�leguàhgyk�lid�fulnn�|cl̀�lnn�̀cnlgcd�bafgf�â�gcfgfk�hif_cbghaif�lid�l__̀amlnfr��uc�}aig̀lbgà�fulnn�jhmc�guc�}aifg̀ebghai��liljc̀�lid��̀buhgcbg�ghxcny�iaghbc�â�zuci�lid�zuc̀c�gcfgf�lid�hif_cbghaif�l̀c�ga�|c�xldc�fa�gulg�guc�}aifg̀ebghai��liljc̀�lid��̀buhgcbg�xly�|c�_̀cfcig�̂à�febu�_̀abcdècfr��uc��zic̀�fulnn�|cl̀�bafgf�â��p��gcfgfk�hif_cbghaif�à�l__̀amlnf�gulg�da�iag�|cbaxc�̀c{eh̀cxcigf�eighn�l̂gc̀�|hdf�l̀c�̀cbchmcd�à�icjaghlghaif�baibnedcdk�lid��t��gcfgfk�hif_cbghaif�à�l__̀amlnf�zuc̀c�|ehndhij�badcf�à�l__nhbl|nc�nlzf�à�̀cjenlghaif�_̀auh|hg�guc��zic̀�̂̀ax�dcncjlghij�guch̀�bafg�ga�guc�}aig̀lbgàrX�YZ[�[��]̂�guc�}aifg̀ebghai��liljc̀k��̀buhgcbgk��zic̀�à�_e|nhb�leguàhghcf�ulmhij��èhfdhbghai�dcgc̀xhic�gulg�_àghaif�â�guc�vàw�̀c{eh̀c�lddhghailn�gcfghijk�hif_cbghai�à�l__̀amln�iag�hibnedcd�eidc̀�ocbghai�pqr�rpk�guc�}aifg̀ebghai��liljc̀�lid��̀buhgcbg�zhnnk�e_ai�z̀hggci�leguàh�lghai�̂̀ax�guc��zic̀k�hifg̀ebg�guc�}aig̀lbgà�ga�xlwc�l̀̀lijcxcigf�̂à�febu�lddhghailn�gcfghijk�hif_cbghai�à�l__̀amln�|y�li�cighgy�lbbc_gl|nc�ga�guc��zic̀k�lid�guc�}aig̀lbgà�fulnn�jhmc�ghxcny�iaghbc�ga�guc�}aifg̀ebghai��liljc̀�lid��̀buhgcbg�â�zuci�lid�zuc̀c�gcfgf�lid�hif_cbghaif�l̀c�ga�|c�xldc�fa�gulg�guc�}aifg̀ebghai��liljc̀�lid��̀buhgcbg�xly�|c�_̀cfcig�̂à�febu�_̀abcdècfr�oebu�bafgf�c�bc_g�lf�_̀amhdcd�hi�ocbghai�pqr�rqk�fulnn�|c�lg�guc��zic̀�f�c�_cifcrX�YZ[�[Z�]̂�febu�_̀abcdècf�̂à�gcfghijk�hif_cbghai�à�l__̀amln�eidc̀�ocbghaif�pqr�rp�lid�pqr�rt�̀cmcln�̂lhnèc�â�guc�_àghaif�â�guc�vàw�ga�bax_ny�zhgu�̀c{eh̀cxcigf�cfgl|nhfucd�|y�guc�}aig̀lbg�~abexcigfk�lnn�bafgf�xldc�icbcffl̀y�|y�febu�̂lhnèc�hibnedhij�guafc�â�̀c_clgcd�_̀abcdècf�lid�bax_ciflghai�̂à�guc�}aifg̀ebghai��liljc̀�f�lid��̀buhgcbg�f�fc̀mhbcf�lid�c�_cifcf�fulnn�|c�lg�guc�}aig̀lbgà�f�c�_cifcrX�YZ[�[\��c{eh̀cd�bc̀gĥhblgcf�â�gcfghijk�hif_cbghai�à�l__̀amln�fulnnk�eincff�aguc̀zhfc�̀c{eh̀cd�|y�guc�}aig̀lbg�~abexcigfk�|c�fcbècd�|y�guc�}aig̀lbgà�lid�_̀ax_gny�dcnhmc̀cd�ga�guc�}aifg̀ebghai��liljc̀�̂à�g̀lifxhggln�ga�guc��̀buhgcbgrX�YZ[�[��]̂�guc�}aifg̀ebghai��liljc̀�à��̀buhgcbg�hf�ga�a|fc̀mc�gcfgfk�hif_cbghaif�à�l__̀amlnf�̀c{eh̀cd�|y�guc�}aig̀lbg�~abexcigfk�guc�}aifg̀ebghai��liljc̀�à��̀buhgcbg�zhnn�da�fa�_̀ax_gny�lidk�zuc̀c�_̀lbghbl|nck�lg�guc�iàxln�_nlbc�â�gcfghijrX�YZ[�[���cfgf�à�hif_cbghaif�baidebgcd�_èfelig�ga�guc�}aig̀lbg�~abexcigf�fulnn�|c�xldc�_̀ax_gny�ga�lmahd�eìclfail|nc�dcnly�hi�guc�vàwrX�YZ[�����������lyxcigf�dec�lid�ei_lhd�eidc̀�guc�}aig̀lbg�~abexcigf�fulnn�|cl̀�higc̀cfg�̂̀ax�guc�dlgc�_lyxcig�hf�dec�lg�guc�̀lgc�guc�_l̀ghcf�lj̀cc�e_ai�hi�z̀hghij�àk�hi�guc�l|fcibc�guc̀câk�lg�guc�ncjln�̀lgc�_̀cmlhnhij�̂̀ax�ghxc�ga�ghxc�lg�guc�_nlbc�zuc̀c�guc��̀a�cbg�hf�nablgcdrga�}aig̀lbgàk�hibnedhij�liy�higc̀cfgk�fulnn�|c�baifhfgcig�zhgu�guhf��j̀ccxcig�lid�hi�lbbàdlibc�zhgu��cz��àw�oglgc��cic̀ln��eihbh_ln� lz�ocbghai�p¡¢£|r
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X�YZ[\�]̂_̀�â_̂bc�de�fgĥ_cijk�lmnko�pnq�rjk�stnropurto�vjpww�utxxknuk�pww�uwpyxv�pnq�upzvkv�t{�purytn|�mjkrjko�yn�utnropur|�rtor|�}okpuj�t{�mpoopnr~�to�trjkomyvk|�p�pynvr�rjk�trjko�poyvyn��tzr�t{�to�okwprkq�rt�rjk�stnropur�yn�puutoqpnuk�myrj�rjk�ok�zyokxknrv�t{�rjk�{ynpw�qyv�zrk�okvtwzrytn�xkrjtq�vkwkurkq�yn�rjk���okkxknr�myrjyn�rjk�ryxk��koytq�v�kuy{ykq�}~�p��wyup}wk�wpm�X�YZ[�����hg����d�b�êb�X�YZ[�[Yijk�stnropurto�vjpww�xpynrpyn��twyuykv�t{�kx�wt~xknr�pv�{twwtmv����ijk�stnropurto�pnq�rjk�stnropurto�v�vz}utnropurtov�vjpww�ntr�qyvuoyxynprk�p�pynvr�pn~�kx�wt~kk�to�p��wyupnr�{to�kx�wt~xknr�}kupzvk�t{�opuk|�okwy�ytn|�utwto|�vk�|�to�nprytnpw�toy�yn��ijk�stnropurto�vjpww�rp�k�p{{yoxpry�k�purytn�rt�ynvzok�rjpr�p��wyupnrv�pok�kx�wt~kq|�pnq�rjpr�kx�wt~kkv�pok�rokprkq�qzoyn��kx�wt~xknr�myrjtzr�ok�poq�rt�rjkyo�opuk|�okwy�ytn|�utwto|�vk�|�to�nprzopw�toy�yn���zuj�purytn�vjpww�ynuwzqk|�}zr�ntr�}k�wyxyrkq�rt|�rjk�{twwtmyn���kx�wt~xknr|�z��opqyn�|�qkxtrytn�to�ropnv{ko��okuozyrxknr�to�okuozyrxknr�pq�koryvyn���wp~t{{�to�rkoxynprytn��oprkv�t{��p~�to�trjko�{toxv�t{�utx�knvprytn��pnq�vkwkurytn�{to�ropynyn�|�ynuwzqyn��p��oknryukvjy���ijk�stnropurto�p�okkv�rt��tvr�yn�utnv�yuztzv��wpukv|�p�pywp}wk�rt�kx�wt~kkv�pnq�p��wyupnrv�{to�kx�wt~xknr|�ntryuk�vkrryn��{torj�rjk��twyuykv�t{�ntn�qyvuoyxynprytn����ijk�stnropurto�pnq�rjk�stnropurto�v�vz}utnropurtov�vjpww|�yn�pww�vtwyuyrprytnv�to�pq�koryvkxknr�{to�kx�wt~kkv��wpukq�}~�rjkx�to�tn�rjkyo�}kjpw{|�vrprk�rjpr�pww��zpwy{ykq�p��wyupnrv�myww�okuky�k�utnvyqkoprytn�{to�kx�wt~xknr�myrjtzr�ok�poq�rt�opuk|�okwy�ytn|�utwto|�vk��to�nprytnpw�toy�yn�X�YZ[���h�̀��hb̀cX�YZ[�[Y�ijk�stnropurto�vjpww�utx�w~�myrj��ok�pywyn���p�k��prkv�yvvzkq�pnq��koytqyupww~�z�qprkq|�}~�rjk��km��to���rprk� k�porxknr�t{�¡p}to|�{to�rjk�wtuprytn�pnq�qzoprytn�t{�rjk��ot¢kur�£¤¥��¦¦X�Y¦[Y[Y�ijk�stnropurto�xp~�rkoxynprk�rjk�stnropur�y{�rjk��to��yv�vrt��kq�{to�p��koytq�t{�§̈�utnvkuzry�k�qp~v�rjotz�j�nt�pur�to�{pzwr�t{�rjk�stnropurto|�p��z}utnropurto|�p��z}�vz}utnropurto|�rjkyo�p�knrv�to�kx�wt~kkv|�stnropurto�to�p��z}utnropurto|��z}�vz}utnropurto�to�rjkyo�p�knrv�to�kx�wt~kkv�to�pn~�trjko��kovtnv�to�knryrykv��ko{toxyn���torytnv�t{�rjk��to�|�rjk��to��znqko�qyokur�to�ynqyokur�utnropur�myrj�rjk�stnropurto|�{to�pn~�t{�rjk�{twwtmyn��okpvtnv�© [ª �n�pur�t{��t�konxknr|�vzuj�pv�p�qkuwpoprytn�t{�nprytnpw�kxko�knu~|�kxko�knu~�rjpr�ok�zyokv�pww��to��rt�}k�vrt��kq��to[Z «kupzvk�rjk�stnvrozurytn�¬pnp�ko�jpv�ntr�ukory{ykq�to�rjk��oujyrkur�jpv�ntr�yvvzkq�p�skory{yuprk�{to��p~xknr�pnq�jpv�ntr�ntry{ykq�rjk�stnropurto�t{�rjk�okpvtn�{to�myrjjtwqyn��ukory{yuprytn�pv��ot�yqkq�yn��kurytn��®|�to�}kupzvk�rjk�lmnko�jpv�ntr�xpqk��p~xknr�tn�p�skory{yuprk�{to��p~xknr�myrjyn�rjk�ryxk�vrprkq�yn�rjk�stnropur� tuzxknrv��to[¦ ijk�lmnko�jpv�{pywkq�rt�{zonyvj�rt�rjk�stnropurto�okpvtnp}wk�k�yqknuk�pv�ok�zyokq�}~��kurytn��̄̄� tuzxknrv�X�Y¦[Y[ª�ijk�stnropurto�xp~�rkoxynprk�rjk�stnropur�y{|�rjotz�j�nt�pur�to�{pzwr�t{�rjk�stnropurto|�p��z}utnropurto|�p��z}�vz}utnropurto|�rjkyo�p�knrv�to�kx�wt~kkv|�stnropurto�to�p��z}utnropurto|��z}�vz}utnropurto�to�rjkyo�p�knrv�to�kx�wt~kkv�to�pn~�trjko��kovtnv�to�knryrykv��ko{toxyn���torytnv�t{�rjk��to�|�ok�kprkq�vzv�knvytnv|�qkwp~v|��to��znqko�qyokur�to�ynqyokur�utnropur�myrj�rjk�stnropurto|�ok�kprkq�vzv�knvytnv|�qkwp~v�to�ynrkooz�rytnv�t{�rjk�knryok��to��}~�rjk�lmnko�pv�qkvuoy}kq�yn��kurytn�°®�§|�°®�§�utnvryrzrk�yn�rjk�p��ok�prk�xtok�rjpn�°̈ �̈�kouknr�t{�rjk�rtrpw�nzx}ko�t{�qp~v�vujkqzwkq�{to�utx�wkrytn|�to�°̄ �̈qp~v�yn�pn~�§±²�qp~��koytq|�mjyujk�ko�yv�wkvv�X�Y¦[Y[Z�³{�tnk�t{�rjk�okpvtnv�qkvuoy}kq�yn��kurytn�°®�°�°�to�°®�°�̄�k�yvrv|�rjk�stnropurto�xp~|�z�tn�vk�kn�qp~v��rjyor~�qp~v��moyrrkn�ntryuk�rt�rjk�lmnko|�stnvrozurytn�¬pnp�ko�pnq��oujyrkur|�rkoxynprk�rjk�stnropur�pnq�okut�ko�{otx�rjk�lmnko��p~xknr�{to��to��k�kuzrkq|�pv�mkww�pv�okpvtnp}wk�t�kojkpq�pnq��ot{yr�tn��to��ntr�k�kuzrkq|�pnq�utvrv�ynuzookq�}~�okpvtn�t{�vzuj�rkoxynprytn��ot�kow~�k�kuzrkq�
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X�YZ[Y[Z�\]�̂_̀�abcd�ef�f̂bgg̀h�]bc�i�g̀cebh�b]�jk�lel̀ m̂�nokp��qblf̀qr̂es̀�himf�̂_cbrt_�lb�iq̂�bc�]irû�b]�̂_̀�vbl̂ciq̂bcw�i�xryqbl̂ciq̂bcw�i�xryzfryqbl̂ciq̂bcw�vbl̂ciq̂bc�bc�i�xryqbl̂ciq̂bc�bc�̂_̀ec�it̀l̂f�bc�̀{gubm̀ f̀w�{̀gubm̀ f̀�bc�ilm�b̂_̀c�g̀cfblf�g̀c]bc{elt�gbĉeblf�b]�̂_̀�abcd�rlh̀c�qbl̂ciq̂�|ê_�̂_̀�vbl̂ciq̂bc�ỳqirf̀�̂_̀�}|l̀c�_if�c̀g̀î̀hum�]ieùh�̂b�]ru]euu�̂_̀�}|l̀c~f�byuetîeblf�rlh̀c�̂_̀�vbl̂ciq̂��bqr{̀ l̂f�|ê_�c̀fg̀q̂�̂b�{î̂ c̀f�e{gbĉil̂�̂b�̂_̀�gcbtc̀ff�b]�̂_̀�abcdw�̂_̀�vbl̂ciq̂bc�{imw�rgbl�f̀s̀l�̂_eĉm�ihhêebliu�himf~�|cề̂ l�lb̂eq̀�̂b�̂_̀�}|l̀cw�vblf̂crq̂ebl��ilit̀c�ilh��cq_ềq̂w�̂̀c{elî̀�̂_̀�vbl̂ciq̂�ilh�c̀qbs̀c�]cb{�̂_̀�}|l̀c�if�gcbseh̀h�el�x̀q̂ebl�������������Z�[Y c̀g̀î̀hum�c̀]rf̀f�bc�]ieuf�̂b�frggum�̀lbrt_�gcbg̀cum�fdeuùh�|bcd̀cf�bc�gcbg̀c�{î̀ceiuf�[� ]ieuf�̂b�{id̀�gim{̀ l̂�̂b�xryqbl̂ciq̂bcf�bc�frgguècf�]bc�{î̀ceiuf�bc�uiybc�el�iqqbchilq̀�|ê_�̂_̀�c̀fg̀q̂es̀�itc̀̀ {̀ l̂f�ỳ |̂̀ l̀�̂_̀�vbl̂ciq̂bc�ilh�̂_̀�xryqbl̂ciq̂bcf�bc�frgguècf�xryqbl̂ciq̂bcf�[� c̀g̀î̀hum�hefc̀tichf�iggueqiyù�ui|fw�f̂îr̂̀ fw�bchelilq̀fw�qbh̀fw�crùf�ilh�c̀truîeblfw�bc�ui|]ru�bch̀cf�b]�i�gryueq�ir̂_bcêm�bc[Z b̂_̀c|ef̀�ef�treûm�b]�fryf̂il̂eiu�yc̀iq_�b]�i�gcbsefebl�yc̀iq_̀f�i�{î̀ceiu�gcbsefebl�b]�̂_̀�vbl̂ciq̂��bqr{̀ l̂f�[� yc̀iq_̀f�ilm�|iccil̂m�{ih̀�ym�̂_̀�vbl̂ciq̂bc�rlh̀c�bc�grcfril̂�̂b�̂_̀�vbl̂ciq̂��bqr{̀ l̂f��bc������]ieuf�̂b�]rclef_�̂_̀�}|l̀c�|ê_�iffrcilq̀f�fîef]iq̂bcm�̂b�̂_̀�}|l̀c�̀seh̀lqelt�̂_̀�vbl̂ciq̂bc~f�iyeuêm�b̂�qb{gù̂ �̀̂_̀�abcd�el�qb{gueilq̀�|ê_�iuu�b]�̂_̀�c̀�rec̀{̀ l̂f�b]�̂_̀�vbl̂ciq̂��bqr{̀ l̂f�X�YZ[�[��a_̀l�ilm�b]�̂_̀�c̀ifblf�h̀fqceỳh�el�x̀q̂ebl��������̀�ef̂w�i]̂̀c�qblfrûîebl�|ê_�̂_̀�vblf̂crq̂ebl��ilit̀cw�ilh�rgbl�q̀ĉe]eqîebl�ym�̂_̀��cq_ềq̂�̂_î�fr]]eqèl̂�qirf̀�̀�ef̂f�̂b��rf̂e]m�frq_�iq̂eblw�̂_̀�}|l̀c�{imw�iybs̀�c̀ifblf��̀ef̂w�̂_̀�}|l̀c�{im�|ê_br̂�gc̀�rheq̀�̂b�ilm�b̂_̀c�cet_̂f�bc�c̀{̀hèf�b]�̂_̀�}|l̀c�ilh�i]̂̀c�teselt�̂_̀�vbl̂ciq̂bc�ilh�̂_̀�vbl̂ciq̂bc~f�frc̀̂mw�e]�ilmw�f̀s̀l�n�p�himf~�|cề̂ l�lb̂eq̀w�̂̀c{elî̀�̀{gubm{̀ l̂�b]�̂_̀�vbl̂ciq̂bc�ilh�{imw�fry�̀q̂�̂b�ilm�gcebc�cet_̂f�b]�̂_̀�frc̀̂m�� [� �elef_�̂_̀�abcd�ym�|_î̀s̀c�c̀ifbliyù�{̀ _̂bh�̂_̀�}|l̀c�{im�h̀ {̀�̀�g̀hèl̂���gbl�|cề̂ l�c̀�r̀f̂�b]�̂_̀�vbl̂ciq̂bcw�̂_̀�}|l̀c�f_iuu�]rclef_�̂b�̂_̀�vbl̂ciq̂bc�i�h̀ îeùh�iqqbrl̂elt�b]�̂_̀�qbf̂f�elqrcc̀h�ym�̂_̀�}|l̀c�el�]elef_elt�̂_̀�abcd���_̀�qbf̂f�b]�]elef_elt�̂_̀�abcd�elqurh̀w�|ê_br̂�ue{êîeblfw�iuu�c̀ifbliyù�î̂bcl̀m~f�]̀̀fw�ihhêebliu��cq_ềq̂��ltel̀ c̀elt�ilh�vblf̂crq̂ebl��ilit̀c�qbf̂fw�elfrcilq̀w�ihhêebliu�el̂̀ c̀f̂�ỳqirf̀�b]�ilm�h̀uim�el�qb{gù̂elt�̂_̀�abcdw�ilh�iuu�b̂_̀c�hec̀q̂�ilh�elhec̀q̂�ilh�qblf̀�r̀l̂eiu�hi{it̀f�elqrcc̀h�ym�̂_̀�}|l̀c�ym�c̀ifbl�b]�̂_̀�̂̀c{elîebl�b]�̂_̀�vbl̂ciq̂bcf�f̂î̀h�_̀c̀el��X�YZ[�[Z�\]�̂_̀�rlgieh�yiuilq̀�b]�̂_̀�vbl̂ciq̂�xr{�̀�q̀ h̀f�qbf̂f�b]�]elef_elt�̂_̀�abcdw�elqurhelt�qb{g̀lfîebl�]bc�_̂̀�vblf̂crq̂ebl��ilit̀c~f�ilh��cq_ềq̂~f�f̀cseq̀f�ilh�̀�g̀lf̀f�{ih̀�l̀q̀fficm�̂_̀c̀ymw�ilh�b̂_̀c�hi{it̀f�elqrcc̀h�ym�̂_̀�}|l̀c�nelqurhelt�c̀ifbliyù�î̂bcl̀mf~�]̀̀fp�ilh�lb̂�̀�gc̀ffum�|ies̀hw�frq_�̀�q̀ff�f_iuu�ỳ�gieh�̂b�_̂̀�vbl̂ciq̂bc��\]�frq_�qbf̂f�ilh�hi{it̀f�̀�q̀ h̀�̂_̀�rlgieh�yiuilq̀w�̂_̀�vbl̂ciq̂bc�f_iuu�gim�̂_̀�he]]̀c̀lq̀�̂b�̂_̀�}|l̀c���_̀�i{brl̂�̂b�ỳ�gieh�̂b�̂_̀�vbl̂ciq̂bc�bc�}|l̀cw�if�̂_̀�qif̀�{im�ỳw�f_iuuw�rgbl�iggueqîeblw�ỳ�q̀ĉe]èh�ym�_̂̀�\lêeiu��̀qefebl��id̀c�i]̂̀c�qblfrûîebl�|ê_�̂_̀�vblf̂crq̂ebl��ilit̀cw�ilh�̂_ef�byuetîebl�]bc�gim{̀ l̂�f_iuu�frcses̀�̂̀c{elîebl�b]�̂_̀�vbl̂ciq̂��X�YZ[�[Y��_̀�}|l̀c�{imw�|ê_br̂�qirf̀w�bch̀c�̂_̀�vbl̂ciq̂bc�el�|cêelt�̂b�frfg̀lhw�h̀uim�bc�el̂̀ccrĝ�̂_̀�abcdw�abcd�el�|_bù�bc�el�giĉ�]bc�frq_�g̀cebh�b]�̂e{̀�if�̂_̀�}|l̀c�{im�h̀^̀c{el̀�X�YZ[�[���_̀�vbl̂ciq̂�xr{�ilh�̂_̀�vbl̂ciq̂��e{̀�f_iuu�{im�ỳ�ih�rf̂̀h�]bc�elqc̀if̀f�el�̂_̀�qbf̂�ilh�̂e{̀�qirf̀h�ym�frfg̀lfeblw�h̀uimw�bc�el̂̀ccrĝebl�rlh̀c�x̀q̂ebl����������h�rf̂{̀ l̂�b]�̂_̀�vbl̂ciq̂�xr{�f_iuu�elqurh̀�gcb]ê��h̀uim�bc�el̂̀ccrĝebl�if�h̀fqceỳh�el�x̀q̂ebl����������b�ih�rf̂{̀ l̂�f_iuu�ỳ�{ih̀�̂b�̂_̀�̀�̂̀ l̂�[Y _̂î�g̀c]bc{ilq̀�efw�|ifw�bc�|bruh�_is̀�ỳ l̀w�fb�frfg̀lh̀hw�h̀uim̀hw�bc�el̂̀ccrĝ̀hw�|if�bc�|bruh�_is̀�ỳ l̀�fb�frfg̀lh̀hw�h̀uim̀h�bc�el̂̀ccrĝ̀h�ym�ilb̂_̀c�qirf̀�]bc�|_eq_�̂_̀�vbl̂ciq̂bc�ef�c̀fgblfeyù��bc�����Z�
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W�XYZYZX�[\]�̂_̀]a�bcde�cf�c̀d�fgb]e�f]abg̀cf]�f\]�hìfacjf�kif_gf\lfc̀mg̀n�c̀d�if\]a�oaipglgì�fi�f\]�jìfacad�g̀�f\gl�qna]]b]̀fe�f\]�̂_̀]a�a]l]ap]l�f\]�agn\f�cf�c̀d�fgb]�c̀m�g̀�gfl�crlistf]�mglja]fgì�fi�f]abg̀cf]�f\]�l]apgj]l�iu�f\]�hìfacjfia�c̀mvia�f\]�wiax�uia�f\]�̂_̀]ayl�jìp]̀g]̀j]�c̀m�_gf\itf�jctl]zjctl]�rd�ngpg̀n�_agff]̀�̀ifgj]�fi�f\]�hìfacjfiaz��[\gl�f]abg̀cfgì�uia�f\]�jìp]̀g]̀j]�iu�f\]�̂_̀]a�oaipglgì�cssi_l�c̀m�ctf\iag{]l�f\]�̂_̀]a�fi�f]abg̀cf]�f\gl�qna]]b]̀f�cf�c̀d�fgb]�c̀m�uia�c̀d�a]clì�_\cfli]p]az��[\gl�agn\f�bcd�r]�]|]ajgl]m�rd�f\]�̂_̀]a�g̀�gfl�jibos]f]�mglja]fgìzW�XYZYZ}�~oì�a]j]gof�iu�_agff]̀�̀ifgj]�uaib�f\]�̂_̀]a�iu�ltj\�f]abg̀cfgì�uia�f\]�̂_̀]ayl�jìp]̀g]̀j]e�f\]�hìfacjfia�l\css�W�XYZYZ���̀�f\]�jcl]�iu�ltj\�f]abg̀cfgì�uia�f\]�̂_̀]ayl�jìp]̀g]̀j]e�f\]�̂_̀]a�l\css�ocd�f\]�hìfacjfia�uia�wiax�oaio]asd�]|]jtf]m��jilfl�g̀jtaa]m�rd�a]clì�iu�f\]�f]abg̀cfgìe�g̀jstmg̀n�jilfl�cffagrtfcrs]�fi�f]abg̀cfgì�iu��trjìfacjfl��c̀m�f\]�f]abg̀cfgì�u]]e�gu�c̀de�l]f�uiaf\�g̀�f\]�qna]]b]̀fzhìfacjfia�l\css�r]�]̀fgfs]m�fie�c̀m�f\]�̂_̀]a�l\css�a]gbrtal]�f\]�hìfacjfia�uiae�c̀�]�tgfcrs]�oiafgì�iu�f\]�hìfacjfiayl�u]]�rcl]m�ì�f\]�oiafgì�iu�f\]�wiax�oaio]asd�jibos]f]m�r]uia]�f\]�]uu]jfgp]�mcf]�iu�f]abg̀cfgì�c̀m�uia�c̀d�if\]a�a]clìcrs]�jilfl�cffagrtfcrs]�fi�ltj\�f]abg̀cfgìz��hìfacjfiayl�]̀fgfs]b]̀f�fi�ocdb]̀f�uia�css�ltj\�_iax�l\css�r]�oa]mgjcf]m�ì�gfl�o]auiabc̀j]�iu�ltj\�_iax�g̀�cjjiamc̀j]�_gf\�f\]�hìfacjf��ijtb]̀fl�cl�j]afgug]m�rd�f\]�qaj\gf]jf�c̀m�hìlfatjfgì��c̀cn]az��hìfacjfia�l\css�r]�]̀fgfs]m�fi�̀i�if\]a�ocdb]̀f�c̀m�_cgp]l�c̀d�jscgb�uia�mcbcn]lz�W�X�ZXZX�����������Z�q�hscgb�gl�c�m]bc̀m�ia�cll]afgì�rd�ì]�iu�f\]�ocafg]l�l]]xg̀ne�cl�c�bcff]a�iu�agn\fe�ocdb]̀f�iu�bì]de�c�j\c̀n]�g̀�f\]�hìfacjf�[gb]e�ia�if\]a�a]sg]u�_gf\�a]lo]jf�fi�f\]�f]abl�iu�f\]�hìfacjfz�[\]�f]ab��hscgb��csli�g̀jstm]l�if\]a�mglotf]l�c̀m�bcff]al�g̀��t]lfgì�r]f_]]̀�f\]�̂_̀]a�c̀m�hìfacjfia�caglg̀n�itf�iu�ia�a]scfg̀n�fi�f\]�hìfacjfz�hìfacjf�[\]�a]loìlgrgsgfd�fi�ltrlfc̀fgcf]�hscgbl�l\css�a]lf�_gf\�f\]�ocafd�bcxg̀n�f\]�hscgbz[\gl��]jfgì���z�z��mi]l�̀if�a]�tga]�f\]�̂_̀]a�fi�ugs]�c�hscgb�g̀�iam]a�fi�gboil]�sg�tgmcf]m�mcbcn]l�g̀�cjjiamc̀j]�_gf\�f\]�hìfacjf��ijtb]̀flzW�X�ZXZ}����������������������[\]�̂_̀]a�c̀m�hìfacjfia�l\css�jibb]̀j]�css�hscgbl�c̀m�jctl]l�iu�cjfgì�cncg̀lf�f\]�if\]a�c̀m�caglg̀n�itf�iu�ia�a]scf]m�fi�f\]�hìfacjfe�_\]f\]a�g̀�jìfacjfe�fiafe�ra]cj\�iu�_caac̀fd�ia�if\]a_gl]e�g̀�cjjiamc̀j]�_gf\�f\]�a]�tga]b]̀fl�iu�f\]�rg̀mg̀n�mglotf]�a]listfgì�b]f\im�l]s]jf]m�g̀�f\]�qna]]b]̀f�c̀m�_gf\g̀�f\]�o]agim�lo]jgug]m�rd�coosgjcrs]�sc_e�rtf�g̀�c̀d�jcl]�̀if�bia]�f\c̀����d]cal�cuf]a�f\]�mcf]�iu��trlfc̀fgcs�hibos]fgì�iu�f\]�wiaxz�[\]�̂_̀]a�c̀m�hìfacjfia�_cgp]�css�hscgbl�c̀m�jctl]l�iu�cjfgì�̀if�jibb]̀j]m�g̀�cjjiamc̀j]�_gf\�f\gl��]jfgì���z�z�z����������������Z�hscgbl�rd�]gf\]a�f\]�̂_̀]a�ia�hìfacjfia�btlf�r]�g̀gfgcf]m�rd�_agff]̀�̀ifgj]�fi�f\]�if\]a�ocafd�c̀m�fi�f\]��̀gfgcs��]jglgì��cx]a�_gf\�c�jiod�l]̀f�fi�f\]�hìlfatjfgì��c̀cn]a�c̀m�qaj\gf]jfe�gu�f\]�hìlfatjfgì��c̀cn]a�c̀m�ia�qaj\gf]jf�gl�̀if�l]apg̀n�cl�f\]��̀gfgcs��]jglgì��cx]az�hscgbl�rd�]gf\]a�ocafd�btlf�r]�g̀gfgcf]m�_gf\g̀����mcdl�cuf]a�ijjtaa]̀j]�iu�f\]�]p]̀f�ngpg̀n�agl]�fi�ltj\�hscgb�ia�_gf\g̀����mcdl�cuf]a�f\]�jscgbc̀f�ugalf�a]jiǹg{]l�f\]�jìmgfgì�ngpg̀n�agl]�fi�f\]�hscgbe�_\gj\]p]a�gl�scf]az�W�X�ZXZ}ZX�wagff]̀�̀ifgj]�l\css�jìfcg̀�c�\]cmg̀n�lfcfg̀n��kifgj]�iu�hscgb��fi�js]casd�gm]̀fgud�gf�cl�ltj\z��tj\�̀ifgj]�l\css�l]f�uiaf\�g̀�m]fcgs�f\]�jgajtblfc̀j]l�f\cf�uiab�f\]�rclgl�uia�f\]�hscgb�c̀m�l\css�g̀jstm]�f\]�uissi_g̀n����hs]ca�lfcf]b]̀f�iu�jscgb�bcff]ae�g̀jstmg̀n�rcjxnait̀m�c̀m�j\aìisindz� ��ijtb]̀fcfgì�g̀�ltooiaf�iu�jscgb�bcff]az�¡��ijtb]̀fcfgì�g̀�ltooiaf�iu�jscgb]m�mcbcn]lz�¢�h]afgugjcfgì�rd�a]loìlgrs]�iuugj]a�iu�jscgbc̀fzW�X�ZXZ��kifgj]�iu�hscgbl������£��¤�����¥����¦�¥��¥�����Z�§]̀mg̀n�ug̀cs�a]listfgì�iu�c�hscgbe�]|j]of�cl�if\]a_gl]�cna]]m�g̀�_agfg̀n�ia�cl�oaipgm]m�g̀��qafgjs]��̈e�f\]�hìfacjfia�l\css�oaij]]m�mgsgn]̀fsd�_gf\�o]auiabc̀j]�iu�f\]�hìfacjf�c̀m�f\]�̂_̀]a�l\css�jìfg̀t]�fi�bcx]�ocdb]̀fl�g̀�cjjiamc̀j]�_gf\�f\]�hìfacjf��ijtb]̀flz�[\]�hìlfatjfgì��c̀cn]a�_gss�oa]oca]�h\c̀n]�̂am]al�c̀m�f\]�qaj\gf]jf�_gss�gllt]�c�h]afgugjcf]�uia�§cdb]̀f�ia�§ai©]jf�h]afgugjcf]�uia�§cdb]̀f�g̀�cjjiamc̀j]�_gf\�f\]�m]jglgìl�iu�f\]��̀gfgcs��]jglgì��cx]az
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W�XYZXZ[ZX�\]̂_̀a�bc�d_efdg�efd�hijdg�kg�\kjeĝlekgm�ifdgd�efd�lkjn_e_kj�o_p_jo�g_ad�ek�efd�\]̂_̀�_a�q_gae�n_alkpdgdn�rg_kg�ek�dsr_ĝe_kj�kq�efd�rdg_kn�qkg�lkggdle_kj�kq�efd�tkgu�ade�qkgef�_j�vdle_kj�wxyxyxm�af̂]]�bd�_j_e_̂edn�bc�jke_ld�ek�efd�kefdg�r̂gec�̂jn�ek�efd�zj_e_̂]�{dl_a_kj�| ûdg�i_ef�̂�lkrc�adje�ek�efd�\kjaeg}le_kj�| ĵ̂odg�̂jn�~glf_edlem�_q�efd�~glf_edle�_a�jke�adgp_jo�̂a�efd�zj_e_̂]�{dl_a_kj�| ûdgy�\]̂_̀a�bc�d_efdg�r̂gec�}jndg�ef_a�vdle_kj�w�ywy�yw�af̂]]�bd�_j_e_̂edn�i_ef_j�xw�n̂ca�̂qedg�kll}ggdjld�kq�efd�dpdje�o_p_jo�g_ad�ek�a}lf�\]̂_̀�kg�i_ef_j�xw�n̂ca�̂qedg�efd�l]̂_̀ ĵe�q_gae�gdlkoj_�da�efd�lkjn_e_kj�o_p_jo�g_ad�ek�efd�\]̂_̀m�if_lfdpdg�_a�]̂edgyW�XYZXZ[Z��\]̂_̀a�bc�d_efdg�efd�hijdg�kg�\kjeĝlekgm�ifdgd�efd�lkjn_e_kj�o_p_jo�g_ad�ek�efd�\]̂_̀�_a�q_gae�n_alkpdgdn�q̂edg�dsr_ĝe_kj�kq�efd�rdg_kn�qkg�lkggdle_kj�kq�efd�tkgu�ade�qkgef�_j�vdle_kj�wxyxyxm�af̂]]�bd�_j_e_̂edn�bc�jke_ld�ek�efd�kefdg�r̂gecy�zj�a}lf�dpdjem�jk�ndl_a_kj�bc�efd�zj_e_̂]�{dl_a_kj�| ûdg�_a�gd�}_gdnyW�XYZXZ��\kje_j}_jo�\kjeĝle��dgqkg̀ ĵld��������������������������Z�zq�efd�\kjeĝlekg�i_afda�ek�̀ ûd�̂�\]̂_̀�qkg�̂j�_jlgd̂ad�_j�efd�\kjeĝle�v}̀ m�ig_eedj�jke_ld�̂a�rgkp_ndn�fdgd_j�af̂]]�bd�o_pdj�bdqkgd�rgklddn_jo�ek�dsdl}ed�efd�tkguy��g_kg�jke_ld�_a�jke�gd�}_gdn�qkg�\]̂_̀a�gd]̂e_jo�ek�̂j�d̀dgodjlc�djn̂jodg_jo�]_qd�kg�rgkrdgec�̂g_a_jo�}jndg�vdle_kj�w�y�y�W�XYZXZ�ZX��djn_jo�q_ĵ]�gdak]}e_kj�kq�̂�\]̂_̀m�dsldre�̂a�kefdgi_ad�̂ogddn�_j�ig_e_jo�kg�̂a�rgkp_ndn�_j�vdle_kj��y��̂jn�~ge_l]d�w�m�efd�\kjeĝlekg�af̂]]�rgklddn�n_]_odje]c�i_ef�rdgqkg̀ ĵld�kq�efd�\kjeĝle�̂jn�efd�hijdg�af̂]]�lkje_j}d�ek�`̂ud�r̂c̀ djea�_j�̂llkgn̂jld�i_ef�efd�\kjeĝle�{kl}̀ djeayW�XYZXZ�Z���fd�\kjeĝle�v}̀ �̂jn�\kjeĝle��_̀d�af̂]]�bd�̂n�}aedn�_j�̂llkgn̂jld�i_ef�efd�zj_e_̂]�{dl_a_kj�| ûdg�a�ndl_a_kjm�a}b�dle�ek�efd�g_ofe�kq�d_efdg�r̂gec�ek�rgklddn�_j�̂llkgn̂jld�i_ef�ef_a�~ge_l]d�w�y��fd�~glf_edle�i_]]�_aa}d�\dge_q_l̂eda�qkg��̂c̀ dje�_j�̂llkgn̂jld�i_ef�efd�ndl_a_kj�kq�efd�zj_e_̂]�{dl_a_kj�| ûdgyW�XYZXZY���������������������������Z�zq�efd�\kjeĝlekg�i_afda�ek�̀ ûd�̂�\]̂_̀�qkg�̂j�_jlgd̂ad�_j�efd�\kjeĝle�v}̀ m�jke_ld�̂a�rgkp_ndn�_j�vdle_kj�w�ywy��af̂]]�bd�o_pdj�bdqkgd�rgklddn_jo�ek�dsdl}ed�efd�rkge_kj�kq�efd�tkgu�ef̂e�_a�efd�a}b�dle�kq�efd�\]̂_̀y��g_kg�jke_ld�_a�jke�gd�}_gdn�qkg�\]̂_̀a�gd]̂e_jo�ek�̂j�d̀dgodjlc�djn̂jodg_jo�]_qd�kg�rgkrdgec�ĝ_a_jo�}jndg�vdle_kj�w�y�y��������������������������W�XYZXZYZX�zq�efd�\kjeĝlekg�i_afda�ek�̀ ûd�̂�\]̂_̀�qkg�̂j�_jlgd̂ad�_j�efd�\kjeĝle��_̀dm�ig_eedj�jke_ld�̂a�rgkp_ndn�fdgd_j�af̂]]�bd�o_pdjy�zj�efd�l̂ad�kq�̂�lkje_j}_jo�nd]̂c�kj]c�kjd�\]̂_̀�_a�jdldaâgcyW�XYZXZYZ��zq�̂npdgad�id̂efdg�lkjn_e_kja�̂gd�efd�b̂a_a�qkg�̂�\]̂_̀�qkg�̂nn_e_kĵ]�e_̀dm�a}lf�\]̂_̀�af̂]]�bd�nkl}̀ djedn�bc�n̂ê�a}baêje_̂e_jo�ef̂e�id̂efdg�lkjn_e_kja�idgd�̂bjkg̀ ]̂�qkg�efd�rdg_kn�kq�e_̀dm�lk}]n�jke�f̂pd�bddj�gd̂akĵb]c�ĵe_l_r̂edn�̂jn�f̂n�̂j�̂npdgad�dqqdle�kj�efd�alfdn}]dn�lkjaeg}le_kjyW�XYZXZYZ[�\]̂_̀a�qkg�_jlgd̂ad�_j�efd�\kjeĝle��_̀d�af̂]]�ade�qkgef�_j�ndê_]�efd�l_gl}̀ aêjlda�ef̂e�qkg̀�efd�b̂a_a�qkg�efd�\]̂_̀m�efd�n̂ed�}rkj�if_lf�d̂lf�l̂}ad�kq�nd]̂c�bdôj�ek�̂qqdle�efd�rgkogdaa�kq�efd�tkgum�efd�n̂ed�}rkj�if_lf�d̂lf�l̂}ad�kq�nd]̂c�ld̂adn�ek�̂qqdle�efd�rgkogdaa�kq�efd�tkgu�̂jn�efd�j}̀ bdg�kq�n̂ca��_jlgd̂ad�_j�efd�\kjeĝle��_̀d�l]̂_̀dn�̂a�̂�lkjad�}djld�kq�d̂lf�a}lf�l̂}ad�kq�nd]̂cy��fd�\kjeĝlekg�af̂]]�rgkp_nd�a}lf�a}rrkge_jo�nkl}̀ djêe_kj�̂a�efd�hijdg�̀ ĉ�gd�}_gd�_jl]}n_jom�ifdgd�̂rrgkrg_̂edm�̂�gdp_adn�lkjaeg}le_kj�alfdn}]d�_jn_l̂e_jo�̂]]�efd�̂le_p_e_da�q̂qdledn�bc�efd�l_gl}̀ aêjlda�qkg̀_jo�efd�b̂a_a�kq�efd�\]̂_̀yW�XYZXZYZ���fd�\kjeĝlekg�af̂]]�jke�bd�dje_e]dn�ek�̂�adr̂ĝed�_jlgd̂ad�_j�efd�\kjeĝle��_̀d�qkg�d̂lf�kjd�kq�efd�j}̀ bdg�kq�l̂}ada�kq�nd]̂c�if_lf�̀ ĉ�f̂pd�lkjl}ggdje�kg�_jedggd]̂edn�dqqdlea�kj�efd�rgkogdaa�kq�efd�tkgum�kg�qkg�lkjl}ggdje�nd]̂ca�n}d�ek�efd�q̂}]e�kq�efd�\kjeĝlekgyW�XYZXZ��\]̂_̀a�qkg�~nn_e_kĵ]��_̀d����������������������������� ��Z��fd�\kjeĝlekg�̂jn�hijdg�î_pd�\]̂_̀a�ô̂_jae�d̂lf�kefdg�qkg�lkjad�}dje_̂]�n̂`̂oda�̂g_a_jo�k}e�kq�kg�gd]̂e_jo�ek�ef_a�\kjeĝley��f_a�̀}e}̂]�î_pdg�_jl]}ndaZX n̂`̂oda�_jl}ggdn�bc�efd�hijdg�qkg�gdjê]�dsrdjadam�qkg�]kaada�kq�}adm�_jlk̀ dm�rgkq_em�q_ĵjl_jom�b}a_jdaa�̂jn�gdr}êe_kjm�̂jn�qkg�]kaa�kq�̀ ĵ̂od̀dje�kg�d̀r]kcdd�rgkn}le_p_ec�kg�kq�efd�adgp_lda�kq�a}lf�rdgakja¡�̂jnZ� n̂`̂oda�_jl}ggdn�bc�efd�\kjeĝlekg�qkg�rg_jl_r̂]�kqq_ld�dsrdjada�_jl]}n_jo�efd�lk̀ rdjâe_kj�kq�rdgakjjd]�aêe_kjdn�efdgdm�qkg�]kaada�kq�q_ĵjl_jom�b}a_jdaa�̂jn�gdr}êe_kjm�̂jn�qkg�]kaa�kq�rgkq_e�dsldre�ĵe_l_r̂edn�rgkq_e�̂g_a_jo�n_gdle]c�qgk̀ �efd�tkguy�f_a�̀}e}̂]�î_pdg�_a�̂rr]_l̂b]dm�i_efk}e�]_̀_êe_kjm�ek�̂]]�lkjad�}dje_̂]�n̂`̂oda�n}d�ek�d_efdg�r̂gec�a�edg̀_ĵe_kj�_j�l̂lkgn̂jld�i_ef�~ge_l]d�w�y�
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W�XYZXZ[ZX�\]�̂_̀�abĉdef̂bd�ghi_̀i�̂b�jek̀�e�alehj�]bd�ec�hcfd̀eì�hc�̂_̀�abĉdef̂�mhj̀n�cb̂hf̀�ei�odbphq̀q�hc�r̀f̂hbc�stusuv�i_ell�ẁ�xhp̀cu�m_̀�abĉdef̂bdyi�alehj�i_ell�hcflzq̀�ec�̀îhjề�b]�fbî�ecq�b]�odbwewl̀�̀]]̀f̂�b]�q̀le{�bc�odbxd̀ii�b]�̂_̀�|bdku�\c�̂_̀�feì�b]�e�fbĉhczhcx�q̀le{�bcl{�bc̀�alehj�hi�c̀f̀iied{uW�XYZXZ[Z}�\]�eqp̀dì�g̀ê_̀d�fbcqĥhbci�ed̀�̂_̀�weihi�]bd�e�alehj�]bd�eqqĥhbcel�̂hj̀n�izf_�alehj�i_ell�ẁ�qbfzj̀ ĉ̀q�w{�qêe�izwîeĉhêhcx�̂_ê�g̀ê_̀d�fbcqĥhbci�g̀d̀�ewcbdjel�]bd�̂_̀�òdhbq�b]�̂hj̀n�fbzlq�cb̂�_ep̀�ẁ c̀�d̀eibcewl{�eĉhfhoềq�ecq�_eq�ec�eqp̀dì�̀]]̀f̂�bc�̂_̀�if_̀qzl̀q�fbcîdzf̂hbcuW�XYZXZ~�������������������������������������������Z�m_̀�abĉdef̂bd�ecq��gc̀d�gehp̀�alehji�exehcî�̀ef_�b̂_̀d�]bd�fbcì�z̀ĉhel�qejex̀i�edhihcx�bẑ�b]�bd�d̀lêhcx�̂b�̂_hi�abĉdef̂u�m_hi�jẑzel�gehp̀d�hcflzq̀iZX qejex̀i�hcfzdd̀q�w{�̂_̀��gc̀d�]bd�d̀ĉel�̀�òcìin�]bd�lbiìi�b]�zìn�hcfbj̀n�odb]ĥn�]hcecfhcxn�wzihc̀ii�ecq�d̀oẑêhbcn�ecq�]bd�lbii�b]�jecex̀j̀ ĉ�bd�̀jolb{̀ �̀odbqzf̂hpĥ{�bd�b]�̂_̀�ìdphf̀i�b]�izf_�òdibci��ecqZ} qejex̀i�hcfzdd̀q�w{�̂_̀�abĉdef̂bd�]bd�odhcfhoel�b]]hf̀�̀�òcìi�hcflzqhcx�̂_̀�fbjòciêhbc�b]�òdibcc̀l�îêhbc̀q�̂_̀d̀n�]bd�lbiìi�b]�]hcecfhcxn�wzihc̀ii�ecq�d̀oẑêhbcn�ecq�]bd�lbii�b]�odb]ĥ�̀�f̀ô�eĉhfhoềq�odb]ĥ�edhihcx�qhd̀f̂l{�]dbj�̂_̀�|bdkum_hi�jẑzel�gehp̀d�hi�eoolhfewl̀n�gĥ_bẑ�lhjĥêhbcn�̂b�ell�fbcì�z̀ĉhel�qejex̀i�qz̀�̂b�̀ĥ_̀d�oed̂{yi�̂̀djhcêhbc�hc�effbdqecf̀�gĥ_��d̂hfl̀�s�u��b̂_hcx�fbĉehc̀q�hc�̂_hi�r̀f̂hbc�stusu��i_ell�ẁ�q̀ j̀̀q�̂b�od̀flzq̀�eiìiij̀ ĉ�b]�lh�zhqềq�qejex̀in�g_̀c�eoolhfewl̀n�hc�effbdqecf̀�gĥ_�̂_̀�d̀�zhd̀j̀ ĉi�b]�̂_̀�abĉdef̂��bfzj̀ ĉiuW�XYZ}ZX�alehjin�̀�flzqhcx�̂_bì�g_̀d̀�̂_̀�fbcqĥhbc�xhphcx�dhì�̂b�̂_̀�alehj�hi�]hdî�qhifbp̀d̀q�e]̂̀d�̀�ohdêhbc�b]�̂_̀�òdhbq�]bd�fbdd̀f̂hbc�b]�̂_̀�|bdk�ì̂�]bd̂_�hc�r̀f̂hbc�s�u�u��bd�edhihcx�zcq̀d�r̀f̂hbci�s�uvn�s�u�n�ecq�ssutn�alehji�w{�_̂̀�abĉdef̂bdn�̀�flzqhcx�̂_bì�edhihcx�zcq̀d�r̀f̂hbci�s�uvn�s�u�n�ssuvu�n�ecq�ssuvus�n�i_ell�ẁ�d̀]̀dd̀q�̂b�̂_̀�\cĥhel��̀fhihbc��ek̀d�]bd�hcĥhel�q̀fhihbcu�m_̀��df_ĥ̀f̂�ghll�ìdp̀�ei�̂_̀�\cĥhel��̀fhihbc��ek̀dn�zcl̀ii�b̂_̀dghì�hcqhfềq�hc�̂_̀��xd̀̀ j̀ ĉu���f̀ô�]bd�̂_bì�alehji�̀�flzq̀q�w{�̂_hi�r̀f̂hbc�stu�usn�ec�hcĥhel�q̀fhihbc�i_ell�ẁ�d̀�zhd̀q�ei�e�fbcqĥhbc�od̀f̀q̀ĉ�̂b�j̀qhêhbc�b]�ec{�alehju�\]�ec�hcĥhel�q̀fhihbc�_ei�cb̂�ẁ c̀�d̀cq̀d̀q�gĥ_hc�v��qe{i�alehj�w{�̂_̀�abĉdef̂bd�exehcî�̂_̀��gc̀d�edhihcx�odhbd�̂b�̂_̀�qề�]hcel�oe{j̀ ĉ�hi�qz̀n�zcl̀ii�̂_hd̂{��v� �qe{i�_ep̀�oeiìq�e]̂̀d�_̂̀�alehj�_ei�ẁ c̀�d̀]̀dd̀q�̂b�̂_̀�\cĥhel��̀fhihbc��ek̀dn�̂_̀�oed̂{�eiìd̂hcx�̂_̀�alehj�je{�q̀jecq�j̀qhêhbc�ecq�whcqhcx�qhioẑ̀�d̀iblẑhbc�gĥ_bẑ�e��ek̀d�gĥ_�cb�q̀fhihbc�_ephcx�ẁ c̀�d̀cq̀d̀qu�¡cl̀ii�̂_̀�\cĥhel��̀fhihbc��ek̀d�ecq�ell�e]]̀f̂̀q�oed̂h̀i�exd̀̀n�̂_̀�\cĥhel��̀fhihbc��ek̀d�ghll�cb̂�q̀fhq̀�qhioẑ̀i�ẁ ĝ̀ c̀�̂_̀�abĉdef̂bd�ecq�òdibci�bd�̀ĉĥh̀i�b̂_̀d�̂_ec�̂_̀��gc̀du¢£¤¥�¦§W�XYZ}Z¦�\]�̂_̀�\cĥhel��̀fhihbc��ek̀d�d̀�z̀îi�e�oed̂{�̂b�odbphq̀�e�d̀iobcì�̂b�e�alehj�bd�̂b�]zdchi_�eqqĥhbcel�izoobd̂hcx�qêen�izf_�oed̂{�i_ell�d̀iobcqn�gĥ_hc�̂̀c�qe{i�e]̂̀d�d̀f̀hô�b]�̂_̀�izf_�d̀�z̀în�ecq�i_ell�̀ĥ_̀d��s �odbphq̀�e�d̀iobcì�bc�̂_̀�d̀�z̀î̀q�izoobd̂hcx�qêen��� �eqphì�̂_̀�\cĥhel��̀fhihbc��ek̀d�g_̀c�̂_̀�d̀iobcì�bd�izoobd̂hcx�qêe�ghll�ẁ�]zdchi_̀qn�]zdchi_̀q�bd��v �eqphì�̂_̀�\cĥhel��̀fhihbc��ek̀d�̂_ê�cb�izoobd̂hcx�qêe�ghll�ẁ�]zdchi_̀qu�¡obc�d̀f̀hô�b]�̂_̀�d̀iobcì�bd�izoobd̂hcx�qêen�h]�ec{n�̂_̀�\cĥhel��̀fhihbc��ek̀d�ghll�̀ĥ_̀d�d̀̈ f̀̂�bd�eoodbp̀�̂_̀�alehj�hc�g_bl̀�bd�hc�oed̂uW�XYZ}ZY�m_̀�\cĥhel��̀fhihbc��ek̀d�ghll�d̀cq̀d�ec�hcĥhel�q̀fhihbc�eoodbphcx�bd�d̀̈ f̀̂hcx�̂_̀�alehjn�bd�hcqhfêhcx�̂_ê�_̂̀�\cĥhel��̀fhihbc��ek̀d�hi�zcewl̀�̂b�d̀iblp̀�̂_̀�alehju�m_hi�hcĥhel�q̀fhihbc�i_ell��s �ẁ�hc�gdĥhcx���� �îề �̂_̀�d̀eibci�̂_̀d̀]bd��ecq��v �cb̂h]{�̂_̀�oed̂h̀in�̂_̀�abcîdzf̂hbc��ecex̀dn�ecq�̂_̀��df_ĥ̀f̂n�h]�̂_̀��df_ĥ̀f̂�oed̂h̀i�ecq�_̂̀��df_ĥ̀f̂�ecq�abcîdzf̂hbc��ecex̀dn�h]�̂_̀��df_ĥ̀f̂�bd�abcîdzf̂hbc��ecex̀d�hi�cb̂�ìdphcx�ei�̂_̀�\cĥhel��̀fhihbc��ek̀dn�b]�ec{�f_ecx̀�hc�̂_̀�abĉdef̂�rzj�bd�abĉdef̂�mhj̀�bd�wb̂_u�m_̀�hcĥhel�q̀fhihbc�i_ell�ẁ�]hcel�ecq�whcqhcx�bc�_̂̀�oed̂h̀i�wẑ�izẅ̀ f̂�̂b�j̀qhêhbc�ecqn�h]�̂_̀�oed̂h̀i�]ehl�̂b�d̀iblp̀�̂_̀hd�qhioẑ̀ �̂_dbzx_�j̀qhêhbcn�̂b�whcqhcx�qhioẑ̀�d̀iblẑhbcu©W�XYZ}Z[ZX��ĥ_̀d�oed̂{�je{n�gĥ_hc�v��qe{i�]dbj�̂_̀�qề�b]�d̀f̀hô�b]�ec�hcĥhel�q̀fhihbcn�q̀jecq�hc�gdĥhcx�̂_ê�̂_̀�b̂_̀d�oed̂{�]hl̀�]bd�j̀qhêhbcu�j̀qhêhbc�gĥ_hc�ª��qe{i�b]�̂_̀�hcĥhel�q̀fhihbcu�\]�izf_�e�q̀jecq�hi�jeq̀�ecq�̂_̀�oed̂{�
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W�XYZ[Z\�]̂_�̀àbc�b_dc_b_c�ef�ĝ_�̀behgb̀gib�ib�̀behgb̀gibj�ĵ k̀k�e_�lhd̀km�̀dc�nocpq_dg�q̀f�e_�_dg_b_c�orid�hg�hd�s̀sibc̀ds_�ahĝ�̀rrkhs̀ek_�k̀a�hd�̀df�siobg�̂̀thdp�nobhjchsghid�ĝ_b_iluW�XYZ[Zv�]̂_�lib_pihdp�̀pb__q_dg�gi�̀behgb̀g_�̀dc�iĝ_b�̀pb__q_dgj�gi�̀behgb̀g_�ahĝ�̀d�̀cchghid̀k�r_bjid�ib�_dghgf�cokf�sidj_dg_c�gi�ef�r̀bgh_j�gi�ĝ_�wpb__q_dgm�ĵ k̀k�e_�jr_shlhs̀kkf�_dlibs_̀ek_�odc_b�̀rrkhs̀ek_�k̀a�hd�̀df�siobg�̂̀thdp�nobhjchsghid�ĝ_b_iluW�XYZ[Z[�xyz{y|}~��}yz�y���y}z~��W�XYZ[Z[ZX��oen_sg�gi�ĝ_�bok_j�il�ĝ_�wq_bhs̀d�wbehgb̀ghid�wjjish̀ghid�ib�iĝ_b�̀rrkhs̀ek_�̀behgb̀ghid�bok_jm�_hĝ_b�r̀bgf�q̀f�sidjikhc̀g_�̀d�̀behgb̀ghid�sidcosg_c�odc_b�ĝhj�wpb__q_dg�ahĝ�̀df�iĝ_b�̀behgb̀ghid�gi�âhŝ�hg�hj�̀�r̀bgf�rbithc_c�ĝ̀g�����ĝ_�̀behgb̀ghid�̀pb__q_dg�pit_bdhdp�ĝ_�iĝ_b�̀behgb̀ghid�r_bqhgj�sidjikhc̀ghidm�����ĝ_�̀behgb̀ghidj�gi�e_�sidjikhc̀g_c�joejg̀dgh̀kkf�hdtikt_�siqqid��o_jghidj�il�k̀a�ib�l̀sgm�̀dc�����ĝ_�̀behgb̀ghidj�_qrkif�q̀g_bh̀kkf�jhqhk̀b�rbis_cob̀k�bok_j�̀dc�q_ĝicj�lib�j_k_sghdp�̀behgb̀gib�j�uW�XYZ[Z[Z\��oen_sg�gi�ĝ_�bok_j�il�ĝ_�wq_bhs̀d�wbehgb̀ghid�wjjish̀ghid�ib�iĝ_b�̀rrkhs̀ek_�̀behgb̀ghid�bok_jm�_hĝ_b�r̀bgf�q̀f�hdskoc_�ef�nihdc_b�r_bjidj�ib�_dghgh_j�joejg̀dgh̀kkf�hdtikt_c�hd�̀�siqqid��o_jghid�il�k̀a�ib�l̀sg�âij_�rb_j_ds_�hj�b_�ohb_c�hl�siqrk_g_�b_kh_l�hj�gi�e_�̀ssibc_c�hd�̀behgb̀ghidm�rbithc_c�ĝ̀g�ĝ_�r̀bgf�jiop̂g�gi�e_�nihd_c�sidj_dgj�hd�abhghdp�gi�joŝ�nihdc_bu��idj_dg�gi�̀behgb̀ghid�hdtikthdp�̀d�̀cchghid̀k�r_bjid�ib�_dghgf�ĵ k̀k�dig�sidjghgog_�sidj_dg�gi�̀behgb̀ghid�il�̀df�sk̀hqm�chjrog_�ib�iĝ_b�q̀gg_b�hd��o_jghid�dig�c_jsbhe_c�hd�ĝ_�abhgg_d�sidj_dguW�XYZvZ\]̂_�r̀bgh_j�ĵ k̀k�ĵ b̀_�ĝ_�q_ch̀gib�j�l__�̀dc�̀df�lhkhdp�l__j�_�òkkfu�]̂_�q_ch̀ghid�ĵ k̀k�e_�̂_kc�hd�ĝ_�rk̀s_�â_b_�ĝ_��bin_sg�hj�kis̀g_cm�odk_jj�̀diĝ_b�kis̀ghid�hj�qogòkkf�̀pb__c�oridu�wpb__q_dgj�b_̀ŝ_c�hd�q_ch̀ghid�ĵ k̀k�e_�_dlibs_̀ek_�̀j�j_ggk_q_dg�̀pb__q_dgj�hd�̀df�siobg�̂̀thdp�nobhjchsghid�ĝ_b_iluW�XYZ[Z[Zv�������z����z~�xyz�����y�����z���y��z�����{yz�y���z�}�����~�����������y��z����}����}yz��yz~����~��z~�����}{�����}yz�XYZ[��������������y}z~���y���yz{y|}~��}yz������{�����}���{�y���y}z~����z~��yz{y|}~��}yz��{���y{��y��������z����z~�xyz�����y���z~�����}{��������z�Z
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PREVAILING WAGE SCHEDULE FOR ARTICLE 8 PUBLIC WORK PROJECT

Attached is the current schedule(s) of the prevailing wage rates and prevailing hourly
supplements for the project referenced above.  A unique Prevailing Wage Case Number
(PRC#) has been assigned to the schedule(s) for your project.

The schedule is effective from July 2021 through June 2022. All updates, corrections, posted
on the 1st business day of each month, and future copies of the annual determination are
available on the Department's website   www.labor.ny.gov.     Updated PDF copies of your
schedule can be accessed by entering your assigned PRC# at the proper location on the
website.

It is the responsibility of the contracting agency or its agent to annex and make part, the
attached schedule, to the specifications for this project, when it is advertised for bids and /or
to forward said schedules to the successful bidder(s), immediately upon receipt, in order to
insure the proper payment of wages.

Please refer to the "General Provisions of Laws Covering Workers on Public Work
Contracts" provided with this schedule, for the specific details relating to other
responsibilities of the Department of Jurisdiction.

Upon completion or cancellation of this project, enter the required information and mail  OR
fax this form to the office shown at the bottom of this notice,  OR  fill out the electronic
version via the NYSDOL website.

NOTICE OF COMPLETION / CANCELLATION OF PROJECT

Date Completed: Date Cancelled:

Name & Title of Representative:

  Phone: (518) 457-5589  Fax:  (518) 485-1870 
W. Averell Harriman State Office Campus, Bldg. 12, Room 130, Albany, NY 12240

www.labor.ny.gov.       PW 200      Ask.PWAsk@labor.ny.gov

Kathy Hochul, Governor Roberta Reardon, Commissioner

Mahopac Central School Dist

Ellen Bruns, Project Manager
Tetra Tech Archs & Engs
10 Brown Road
Ithac    NY 14850

Schedule Year 2021 through 2022
Date Requested 01/05/2022
PRC# 2022000083

Location 66 Route 6
Project ID# 203788-21001
Project Type Reconstruction to Mahopac Public Library

Updated Prevailing Wages attached

https://www.labor.ny.gov/home/
https://www.labor.ny.gov/home/




General Provisions of Laws Covering Workers on Article 8 Public Work Contracts
 
Introduction
 
The Labor Law requires public work contractors and subcontractors to pay laborers, workers, or mechanics employed in
the performance of a public work contract not less than the prevailing rate of wage and supplements (fringe benefits) in the
locality where the work is performed.
 
Responsibilities of the Department of Jurisdiction
 
A Department of Jurisdiction (Contracting Agency) includes a state department, agency, board or commission: a county,
city, town or village; a school district, board of education or board of cooperative educational services; a sewer, water, fire,
improvement and other district corporation; a public benefit corporation; and a public authority awarding a public work
contract.
 
The Department of Jurisdiction (Contracting Agency) awarding a public work contract MUST obtain a Prevailing Rate
Schedule listing the hourly rates of wages and supplements due the workers to be employed on a public work project.
This schedule may be obtained by completing and forwarding a "Request for wage and Supplement Information" form (PW
39) to the Bureau of Public Work.  The Prevailing Rate Schedule MUST be included in the specifications for the contract to
be awarded and is deemed part of the public work contract.
 
Upon the awarding of the contract, the law requires that the Department of Jurisdiction (Contracting Agency) furnish the
following information to the Bureau:  the name and address of the contractor, the date the contract was let and the
approximate dollar value of the contract. To facilitate compliance with this provision of the Labor Law, a copy of the
Department's "Notice of Contract Award" form (PW 16) is provided with the original Prevailing Rate Schedule.
 
The Department of Jurisdiction (Contracting Agency) is required to notify the Bureau of the completion or cancellation of
any public work project.  The Department's PW 200 form is provided for that purpose.
 
Both the PW 16 and  PW 200 forms are available for completion online. 
 
Hours
 
No laborer, worker, or mechanic in the employ of a contractor or subcontractor engaged in the performance of any public
work project shall be permitted to work more than eight hours in any day or more than five days in any week, except in
cases of extraordinary emergency.  The contractor and the Department of Jurisdiction (Contracting Agency) may apply to
the Bureau of Public Work for a dispensation permitting workers to work additional hours or days per week on a particular
public work project.
 
There are very few exceptions to this rule.  Complete information regarding these exceptions is available on the "Request
for a dispensation to work overtime" form (PW30) and "4 Day / 10 Hour Work Schedule" form (PW 30.1). 
 
Wages and Supplements
 
The wages and supplements to be paid and/or provided to laborers, workers, and mechanics employed on a public work
project shall be not less than those listed in the current Prevailing Rate Schedule for the locality where the work is
performed.  If a prime contractor on a public work project has not been provided with a Prevailing Rate Schedule, the
contractor must notify the Department of Jurisdiction (Contracting Agency) who in turn must request an original Prevailing
Rate Schedule form the Bureau of Public Work.  Requests may be submitted by: mail to NYSDOL, Bureau of Public Work,
State Office Bldg. Campus, Bldg. 12, Rm. 130, Albany, NY 12240; Fax to Bureau of Public Work (518) 485-1870; or
electronically at the NYSDOL website  www.labor.ny.gov.
 
Upon receiving the original schedule, the Department of Jurisdiction (Contracting Agency) is REQUIRED to provide
complete copies to all prime contractors who in turn MUST, by law, provide copies of all applicable county schedules to
each subcontractor and obtain from each subcontractor, an affidavit certifying such schedules were received. If the original
schedule expired, the contractor may obtain a copy of the new annual determination from the NYSDOL website
www.labor.ny.gov.
 
The Commissioner of Labor makes an annual determination of the prevailing rates.  This determination is in effect from
July 1st through June 30th of the following year.  The annual determination is available on the NYSDOL website
www.labor.ny.gov.
 
Payrolls and Payroll Records 
 
Every contractor and subcontractor MUST keep original payrolls or transcripts subscribed and affirmed as true under
penalty of perjury.  As per Article 6 of the Labor law, contractors and subcontractors are required to establish, maintain,
and preserve for not less than six (6) years, contemperaneous, true, and accurate payroll records.  At a minimum, payrolls
must show the following information for each person employed on a public work project: Name, Address, Last 4 Digits of
Social Security Number, Classification(s) in which the worker was employed, Hourly wage rate(s) paid, Supplements paid

https://apps.labor.ny.gov/wpp/showFindProject.do?method=showIt
https://labor.ny.gov/workerprotection/publicwork/PWFormsOnWeb.shtm
https://labor.ny.gov/workerprotection/publicwork/PWFormsOnWeb.shtm
https://www.labor.ny.gov/home/
https://www.labor.ny.gov/home/
https://www.labor.ny.gov/home/


or provided, and Daily and weekly number of hours worked in each classification.
 
The filing of payrolls to the Department of Jurisdiction is a condition of payment.Every contractor and subcontractor shall
submit to the Department of Jurisdiction (Contracting Agency), 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.  The Department of Jurisdiction (Contracting Agency) shall collect, review for facial validity, and maintain such
payrolls.
 
In addition, the Commissioner of Labor may require contractors to furnish, with ten (10) days of a request, payroll records
sworn to as their validity and accuracy for public work and private work.  Payroll records include, but are not limited to time
cards, work description sheets, proof that supplements were provided, cancelled payroll checks and payrolls.  Failure to
provide the requested information within the allotted ten (10) days will result in the withholding of up to 25% of the
contract, not to exceed $100,000.00.  If the contractor or subcontractor does not maintain a place of business in New York
State and the amount of the contract exceeds $25,000.00, payroll records and certifications must be kept on the project
worksite.
 
The prime contractor is responsible for any underpayments of prevailing wages or supplements by any subcontractor. 
 
All contractors or their subcontractors shall provide to their subcontractors a copy of the Prevailing Rate Schedule
specified in the public work contract as well as any subsequently issued schedules.  A failure to provide these schedules
by a contractor or subcontractor is a violation of Article 8, Section 220-a of the Labor Law.
 
All subcontractors engaged by a public work project contractor or its subcontractor, upon receipt of the original schedule
and any subsequently issued schedules, shall provide to such contractor a verified statement attesting that the
subcontractor has received the Prevailing Rate Schedule and will pay or provide the applicable rates of wages and
supplements specified therein.  (See NYS Labor Laws, Article 8 . Section 220-a).
 
Determination of Prevailing Wage and Supplement Rate Updates Applicable to All Counties
 
The wages and supplements contained in the annual determination become effective July 1st whether or not the new
determination has been received by a given contractor.  Care should be taken to review the rates for obvious errors.  Any
corrections should be brought to the Department's attention immediately.  It is the responsibility of the public work
contractor to use the proper rates.  If there is a question on the proper classification to be used, please call the district
office located nearest the project.  Any errors in the annual determination will be corrected and posted to the NYSDOL
website on the first business day of each month.  Contractors are responsible for paying these updated rates as well,
retroactive to July 1st.
 
When you review the schedule for a particular occupation, your attention should be directed to the dates above the
column of rates.  These are the dates for which a given set of rates is effective.  To the extent possible, the Department
posts rates in its possession that cover periods of time beyond the July 1st to June 30th time frame covered by a
particular annual determination.  Rates that extend beyond that instant time period are informational ONLY and may be
updated in future annual determinations that actually cover the then appropriate July 1st to June 30th time period.
 
Withholding of Payments
 
When a complaint is filed with the Commissioner of Labor alleging the failure of a contractor or subcontractor to pay or
provide the prevailing wages or supplements, or when the Commissioner of Labor believes that unpaid wages or
supplements may be due, payments on the public work contract shall be withheld from the prime contractor in a sufficient
amount to satisfy the alleged unpaid wages and supplements, including interest and civil penalty, pending a final
determination.
 
When the Bureau of Public Work finds that a contractor or subcontractor on a public work project failed to pay or provide
the requisite prevailing wages or supplements, the Bureau is authorized by Sections 220-b and 235.2 of the Labor Law to
so notify the financial officer of the Department of Jurisdiction (Contracting Agency) that awarded the public work contract.
Such officer MUST then withhold or cause to be withheld from any payment due the prime contractor on account of such
contract the amount indicated by the Bureau as sufficient to satisfy the unpaid wages and supplements, including interest
and any civil penalty that may be assessed by the Commissioner of Labor.  The withholding continues until there is a final
determination of the underpayment by the Commissioner of Labor or by the court in the event a legal proceeding is
instituted for review of the determination of the Commissioner of Labor.
 
The Department of Jurisdiction (Contracting Agency) shall comply with this order of the Commissioner of Labor or of the
court with respect to the release of the funds so withheld.
 
Summary of Notice Posting Requirements
 
The current Prevailing Rate Schedule must be posted in a prominent and accessible place on the site of the public work
project.  The prevailing wage schedule must be encased in, or constructed of, materials capable of withstanding adverse
weather conditions and be titled "PREVAILING RATE OF WAGES" in letters no smaller than two (2) inches by two (2)
inches.
 



The  "Public Work Project" notice must be posted at the beginning of the performance of every public work contract, on
each job site.
 
Every employer providing workers. compensation insurance and disability benefits must post notices of such coverage in
the format prescribed by the Workers. Compensation Board in a conspicuous place on the jobsite.
 
Every employer subject to the NYS Human Rights Law must conspicuously post at its offices, places of employment, or
employment training centers, notices furnished by the State Division of Human Rights.
 
Employers liable for contributions under the Unemployment Insurance Law must conspicuously post on the jobsite notices
furnished by the NYS Department of Labor.
 
Apprentices
 
Employees cannot be paid apprentice rates unless they are individually registered in a program registered with the NYS
Commissioner of Labor.  The allowable ratio of apprentices to journeyworkers in any craft classification can be no greater
than the statewide building trade ratios promulgated by the Department of Labor and included with the Prevailing Rate
Schedule.  An employee listed on a payroll as an apprentice who is not registered as above or is performing work outside
the classification of work for which the apprentice is indentured, must be paid the prevailing journeyworker's wage rate for
the classification of work the employee is actually performing.
 
NYSDOL Labor Law, Article 8, Section 220-3, require that only apprentices individually registered with the NYS
Department of Labor may be paid apprenticeship rates on a public work project.  No other Federal or State Agency of
office registers apprentices in New York State.
 
Persons wishing to verify the apprentice registration of any person must do so in writing by mail, to the NYSDOL Office of
Employability Development / Apprenticeship Training, State Office Bldg. Campus, Bldg. 12, Albany, NY  12240 or by Fax
to NYSDOL Apprenticeship Training (518) 457-7154.  All requests for verification must include the name and social
security number of the person for whom the information is requested.
 
The only conclusive proof of individual apprentice registration is written verification from the NYSDOL Apprenticeship
Training Albany Central office.  Neither Federal nor State Apprenticeship Training offices outside of Albany can provide
conclusive registration information.
 
It should be noted that the existence of a registered apprenticeship program is not conclusive proof that any person is
registered in that program.  Furthermore, the existence or possession of wallet cards, identification cards, or copies of
state forms is not conclusive proof of the registration of any person as an apprentice.
 
Interest and Penalties
 
In the event that an underpayment of wages and/or supplements is found:
 

- Interest shall be assessed at the rate then in effect as prescribed by the Superintendent of Banks pursuant to
section 14-a of the Banking Law, per annum from the date of underpayment to the date restitution is made.

- A Civil Penalty may also be assessed, not to exceed 25% of the total of wages, supplements, and interest due.
 

Debarment
 
Any contractor or subcontractor and/or its successor shall be ineligible to submit a bid on or be awarded any public work
contract or subcontract with any state, municipal corporation or public body for a period of five (5) years when:
 

- Two (2) willful determinations have been rendered against that contractor or subcontractor and/or its successor
within any consecutive six (6) year period.

- There is any willful determination that involves the falsification of payroll records or the kickback of wages or
supplements.
 

Criminal Sanctions
 
Willful violations of the Prevailing Wage Law (Article 8 of the Labor Law) may be a felony punishable by fine or
imprisonment of up to 15 years, or both.
 
Discrimination
 
No employee or applicant for employment may be discriminated against on account of age, race, creed, color, national
origin, sex, disability or marital status.
 
No contractor, subcontractor nor any person acting on its behalf, shall by reason of race, creed, color, disability, sex or
national origin discriminate against any citizen of the State of New York who is qualified and available to perform the work
to which the employment relates (NYS Labor Law, Article 8, Section 220-e(a)).
 

https://labor.ny.gov/formsdocs/wp/pw101.pdf


No contractor, subcontractor, nor any person acting on its behalf, shall in any manner, discriminate against or intimidate
any employee on account of race, creed, color, disability, sex, or national origin (NYS Labor Law, Article 8, Section 220-
e(b) ).
 
The Human Rights Law also prohibits discrimination in employment because of age, marital status, or religion.
 
There may be deducted from the amount payable to the contractor under the contract a penalty of $50.00 for each
calendar day during which such person was discriminated against or intimidated in violation of the provision of the contract
 (NYS Labor Law, Article 8, Section 220-e(c) ).
 
The contract may be cancelled or terminated by the State or municipality.  All monies due or to become due thereunder
may be forfeited for a second or any subsequent violation of the terms or conditions of the anti-discrimination sections of
the contract (NYS Labor Law, Article 8, Section 220-e(d) ).
 
Every employer subject to the New York State Human Rights Law must conspicuously post at its offices, places of
employment, or employment training centers notices furnished by the State Division of Human Rights.
 
Workers' Compensation
 
In accordance with Section 142 of the State Finance Law, the contractor shall maintain coverage during the life of the
contract for the benefit of such employees as required by the provisions of the New York State Workers' Compensation
Law.
 
A contractor who is awarded a public work contract must provide proof of workers' compensation coverage prior to being
allowed to begin work.
 
The insurance policy must be issued by a company authorized to provide workers' compensation coverage in New York
State.  Proof of coverage must be on form C-105.2 (Certificate of Workers' Compensation Insurance) and must name this
agency as a certificate holder.
 
If New York State coverage is added to an existing out-of-state policy, it can only be added to a policy from a company
authorized to write workers' compensation coverage in this state.  The coverage must be listed under item 3A of the
information page.
 
The contractor must maintain proof that subcontractors doing work covered under this contract secured and maintained a
workers' compensation policy for all employees working in New York State.
 
Every employer providing worker's compensation insurance and disability benefits must post notices of such coverage in
the format prescribed by the Workers' Compensation Board in a conspicuous place on the jobsite.
 
Unemployment Insurance
 
Employers liable for contributions under the Unemployment Insurance Law must conspicuously post on the jobsite notices
furnished by the New York State Department of Labor.
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Notice of Contract Award
 
New York State Labor Law, Article 8, Section 220.3a requires that certain information
regarding the awarding of public work contracts, be furnished to the Commissioner of Labor.
One "Notice of Contract Award" (PW 16, which may be photocopied),  MUST  be completed
for  EACH  prime contractor on the above referenced project. 
 
Upon notifying the successful bidder(s) of this contract, enter the required information and
mail  OR  fax this form to the office shown at the bottom of this notice,  OR  fill out the
electronic version via the NYSDOL website.
 

Contractor Information
All information must be supplied

 
Federal Employer Identification Number:

 
Name:

 
Address:

 
aaa

 
City: State: Zip:

 
Contract Type:

[  ]    (01) General Construction
[  ]    (02) Heating/Ventilation
[  ]    (03) Electrical
[  ]    (04) Plumbing
[  ]    (05) Other  :                                 

Amount of Contract: $
 
Approximate Starting Date: - - - - /- - - - /
 
Approximate Completion Date: - - - - /- - - - /

 
 
 

  Phone: (518) 457-5589  Fax:  (518) 485-1870 
  W. Averell Harriman State Office Campus, Bldg. 12, Room 130, Albany, NY 12240

 
 

www.labor.ny.gov.       PW 16      Ask.PWAsk@labor.ny.gov

Kathy Hochul, Governor Roberta Reardon, Commissioner

Mahopac Central School Dist
 
Ellen Bruns, Project Manager
Tetra Tech Archs & Engs
10 Brown Road
Ithac    NY 14850

Schedule Year 2021 through 2022
Date Requested 01/05/2022
PRC# 2022000083

Location 66 Route 6
Project ID# 203788-21001
Project Type Reconstruction to Mahopac Public Library

https://www.labor.ny.gov/home/


 



 
  
Social Security Numbers on Certified Payrolls: 
 
The Department of Labor is cognizant of the concerns of the potential for misuse or inadvertent 
disclosure of social security numbers. Identity theft is a growing problem and we are 
sympathetic to contractors' concern regarding inclusion of this information on payrolls if another 
identifier will suffice. 
 
For these reasons, the substitution of the use of the last four digits of the social security number 
on certified payrolls submitted to contracting agencies on public work projects is now acceptable 
to the Department of Labor. This change does not affect the Department's ability to request and 
receive the entire social security number from employers during its public work/ prevailing wage 
investigations.  
 
Construction Industry Fair Play Act: Required Posting for Labor Law Article 25-B § 861-d  
 
Construction industry employers must post the "Construction Industry Fair Play Act" notice in a 
prominent and accessible place on the job site. Failure to post the notice can result in penalties 
of up to $1,500 for a first offense and up to $5,000 for a second offense. The posting is included 
as part of this wage schedule. Additional copies may be obtained from the NYS DOL website, 
www.labor.ny.gov. https://labor.ny.gov/formsdocs/ui/IA999.pdf 
If you have any questions concerning the Fair Play Act, please call the State Labor Department  
toll-free at 1-866-435-1499 or email us at: dol.misclassified@labor.ny.gov . 
 
 
Worker Notification: (Labor Law §220, paragraph a of subdivision 3-a) 
 
Effective June 23, 2020 
 
This provision is an addition to the existing wage rate law, Labor Law §220, paragraph a of 
subdivision 3-a. It requires contractors and subcontractors to provide written notice to all 
laborers, workers or mechanics of the prevailing wage and supplement rate for their particular 
job classification on each pay stub*. It also requires contractors and subcontractors to post a 
notice at the beginning of the performance of every public work contract on each job site that 
includes the telephone number and address for the Department of Labor and a statement 
informing laborers, workers or mechanics of their right to contact the Department of Labor if 
he/she is not receiving the proper prevailing rate of wages and/or supplements for his/her job 
classification. The required notification will be provided with each wage schedule, may be 
downloaded from our website www.labor.ny.gov or be made available upon request by 
contacting the Bureau of Public Work at 518-457-5589. *In the event the required information 
will not fit on the pay stub, an accompanying sheet or attachment of the information will suffice.  
 
(12.20) 



To all State Departments, Agency Heads and Public Benefit Corporations 
IMPORTANT NOTICE REGARDING PUBLIC WORK ENFORCEMENT FUND

 
 

Budget Policy & Reporting Manual
 
 

B-610
 

Public Work Enforcement Fund
 

effective date December 7, 2005
 
 

1. Purpose and Scope:
 

This Item describes the Public Work Enforcement Fund (the Fund, PWEF) and its
relevance to State agencies and public benefit corporations engaged in construction or
reconstruction contracts, maintenance and repair, and announces the recently-enacted
increase to the percentage of the dollar value of such contracts that must be deposited into
the Fund. This item also describes the roles of the following entities with respect to the
Fund:

 
- New York State Department of Labor (DOL),
- The Office of the State of Comptroller (OSC), and
- State agencies and public benefit corporations.

 
2. Background and Statutory References:

 
DOL uses the Fund to enforce the State's Labor Law as it relates to contracts for
construction or reconstruction, maintenance and repair, as defined in subdivision two of
Section 220 of the Labor Law. State agencies and public benefit corporations participating
in such contracts are required to make payments to the Fund.

 
Chapter 511 of the Laws of 1995 (as amended by Chapter 513 of the Laws of 1997,
Chapter 655 of the Laws of 1999, Chapter 376 of the Laws of 2003 and Chapter 407 of the
Laws of 2005) established the Fund.

 
3. Procedures and Agency Responsibilities:

 
The Fund is supported by transfers and deposits based on the value of contracts for
construction and reconstruction, maintenance and repair, as defined in subdivision two of
Section 220 of the Labor Law, into which all State agencies and public benefit corporations
enter.

 
Chapter 407 of the Laws of 2005 increased the amount required to be provided to this fund
to .10 of one-percent of the total cost of each such contract, to be calculated at the time
agencies or public benefit corporations enter into a new contract or if a contract is amended.
The provisions of this bill became effective August 2, 2005.



To all State Departments, Agency Heads and Public Benefit Corporations 
IMPORTANT NOTICE REGARDING PUBLIC WORK ENFORCEMENT FUND

 
 

OSC will report to DOL on all construction-related ("D") contracts approved during the
month, including contract amendments, and then DOL will bill agencies the appropriate
assessment monthly. An agency may then make a determination if any of the billed
contracts are exempt and so note on the bill submitted back to DOL. For any instance
where an agency is unsure if a contract is or is not exempt, they can call the Bureau of
Public Work at the number noted below for a determination. Payment by check or journal
voucher is due to DOL within thirty days from the date of the billing. DOL will verify the
amounts and forward them to OSC for processing.

 
For those contracts which are not approved or administered by the Comptroller, monthly
reports and payments for deposit into the Public Work Enforcement Fund must be provided
to the Administrative Finance Bureau at the DOL within 30 days of the end of each month
or on a payment schedule mutually agreed upon with DOL.

 
Reports should contain the following information:

 
- Name and billing address of State agency or public

benefit corporation;
- State agency or public benefit corporation contact and

phone number;
- Name and address of contractor receiving the award;
- Contract number and effective dates;
- Contract amount and PWEF assessment charge (if

contract amount has been amended, reflect increase or
decrease to original contract and the adjustment in the
PWEF charge); and

- Brief description of the work to be performed under each
contract.

 
Checks and Journal Vouchers, payable to the "New York State Department of Labor"
should be sent to:

 
Department of Labor

Administrative Finance Bureau-PWEF Unit
Building 12, Room 464

State Office Campus
Albany, NY 12240

 
Any questions regarding billing should be directed to NYSDOL's Administrative Finance
Bureau-PWEF Unit at (518) 457-3624 and any questions regarding Public Work Contracts
should be directed to the Bureau of Public Work at (518) 457-5589.



 



 
 

Required Notice under Article 25-B of the Labor Law 
 

Attention All Employees, Contractors and Subcontractors: 
You are Covered by the Construction Industry Fair Play Act  

 
The law says that you are an employee unless: 

• You are free from direction and control in performing your job, and 
• You perform work that is not part of the usual work done by the business that hired you, and 
• You have an independently established business. 
 
Your employer cannot consider you to be an independent contractor unless all three of these facts 
apply to your work. 

 
It is against the law for an employer to misclassify employees as independent 
contractors or pay employees off the books. 

 
Employee Rights: If you are an employee, you are entitled to state and federal worker protections.  
These include: 

• Unemployment Insurance benefits, if you are unemployed through no fault of your own, able to 
work, and otherwise qualified, 

• Workers’ compensation benefits for on-the-job injuries,  
• Payment for wages earned, minimum wage, and overtime (under certain conditions),   
• Prevailing wages on public work projects,  
• The provisions of the National Labor Relations Act, and 
• A safe work environment. 

 
It is a violation of this law for employers to retaliate against anyone who asserts their rights under 
the law. Retaliation subjects an employer to civil penalties, a private lawsuit or both. 

 
Independent Contractors: If you are an independent contractor, you must pay all taxes and 
Unemployment Insurance contributions required by New York State and Federal Law. 
 
Penalties for paying workers off the books or improperly treating employees as independent 
contractors: 

 
• Civil Penalty First offense: Up to $2,500 per employee 

  
 Subsequent offense(s): Up to $5,000 per employee 

 

• Criminal Penalty First offense: Misdemeanor - up to 30 days in jail, up to a $25,000 fine  
and debarment from performing public work for up to one year. 
 
Subsequent offense(s): Misdemeanor - up to 60 days in jail or up to a 
$50,000 fine and debarment from performing public work for up to 5 
years. 

 
If you have questions about your employment status or believe that your employer may have 
violated your rights and you want to file a complaint, call the Department of Labor at  
(866) 435-1499 or send an email to dol.misclassified@labor.ny.gov. All complaints of fraud and 
violations are taken seriously. You can remain anonymous. 
 
Employer Name:  
IA 999 (09/16) 



 



New York State Department of Labor 
Bureau of Public Work 

Attention Employees 
THIS IS A:  PUBLIC WORK 

PROJECT
If you are employed on this project as a  
worker, laborer, or mechanic you are entitled to  
receive the prevailing wage and supplements rate 
for the classification at which you are working.

Chapter 629 of 
the Labor Laws  
of 2007:

These wages are set by law and must be posted 
at the work site.  They can also be found at:
www.labor.ny.gov

If you feel that you have not received proper wages or benefits,  
please call our nearest office.* 

Albany
  Binghamton 
  Buffalo 
  Garden City 
  New York City 
  Newburgh 

(518) 457-2744
(607) 721-8005 
(716) 847-7159 
(516) 228-3915 
(212) 932-2419 
(845) 568-5156 

Patchogue
Rochester 
Syracuse 
Utica 
White Plains 

(631) 687-4882
(585) 258-4505 
(315) 428-4056 
(315) 793-2314 
(914) 997-9507 

*   For New York City government agency construction projects, please 
      contact the Office of the NYC Comptroller at (212) 669-4443,  or  

www.comptroller.nyc.gov – click on Bureau of Labor Law. 

Contractor Name:

Project Location:

PW 101  (4.15) 



 



Requirements for OSHA 10 Compliance 

Article 8 §220-h requires that when the advertised specifications, for every contract for public work, is $250,000.00 or more the 
contract must contain a provision requiring that every worker employed in the performance of a public work contract shall be
certified as having completed an OSHA 10 safety training course. The clear intent of this provision is to require that all 
employees of public work contractors, required to be paid prevailing rates, receive such training “prior to the performing any 
work on the project.”  

The Bureau will enforce the statute as follows: 

All contractors and sub contractors must attach a copy of proof of completion of the OSHA 10 course to the first certified payroll 
submitted to the contracting agency and on each succeeding payroll where any new or additional employee is first listed.  

Proof of completion may include but is not limited to: 

• Copies of bona fide course completion card (Note: Completion cards do not have an expiration date.)

• Training roster, attendance record of other documentation from the certified trainer pending the issuance of the card.

• Other valid proof

**A certification by the employer attesting that all employees have completed such a course is not sufficient proof that the course 
has been completed.  

Any questions regarding this statute may be directed to the New York State Department of Labor, Bureau of Public Work at 518-
457-5589.

WICKS 

Public work projects are subject to the Wicks Law requiring separate specifications and bidding for the plumbing, heating and
electrical work, when the total project's threshold is $3 million in Bronx, Kings, New York, Queens and, Richmond counties; $1.5
million in Nassau, Suffolk and Westchester counties; and $500,000 in all other counties.  

For projects below the monetary threshold, bidders must submit a sealed list naming each subcontractor for the plumbing, HVAC 
and electrical and the amount to be paid to each. The list may not be changed unless the public owner finds a legitimate 
construction need, including a change in specifications or costs or the use of a Project Labor Agreement (PLA), and must be open to 
public inspection. 

Allows the state and local agencies and authorities to waive the Wicks Law and use a PLA if it will provide the best work at the 
lowest possible price. If a PLA is used, all contractors shall participate in apprentice training programs in the trades of work it 
employs that have been approved by the Department of Labor (DOL) for not less than three years. They shall also have at least one 
graduate in the last three years and use affirmative efforts to retain minority apprentices. PLA's would be exempt from Wicks, but 
deemed to be public work subject to prevailing wage enforcement.  

The Commissioner of Labor shall have the power to enforce separate specification requirement s on projects, and may issue stop-
bid orders against public owners for non-compliance.  

Other new monetary thresholds, and similar sealed bidding for non-Wicks projects, would apply to certain public authorities including 
municipal housing authorities, NYC Construction Fund, Yonkers Educational Construction Fund, NYC Municipal Water Finance 
Authority, Buffalo Municipal Water Finance Authority, Westchester County Health Care Association, Nassau County Health Care 
Corp., Clifton-Fine Health Care Corp., Erie County Medical Center Corp., NYC Solid Waste Management Facilities, and the 
Dormitory Authority. 

Contractors must pay subcontractors within a 7 days period.

(07.19)



New York State Department of Labor - Bureau of Public Work 
State Office Building Campus 

Building 12 - Room 130 
Albany, New York  12240 

 
REQUEST FOR WAGE AND SUPPLEMENT INFORMATION 

Fax (518) 485-1870 or mail this form for new schedules or for determination for additional occupations. 
This Form Must Be Typed

Submitted By:
(Check Only One)

A. Public Work Contract to be let by: (Enter Data Pertaining to Contracting/Public Agency)

1. Name and complete address 2. 07 City
01 DOT 08 Local School District
02 OGS 09 Special Local District, i.e.,
03 Dormitory Authority Fire, Sewer, Water District

1O Village04 State University
11 TownConstruction Fund
12 County05 Mental Hygiene

Facilities Corp. 13 Other Non-N.Y. State
Fax:Telephone:

 06 OTHER N.Y. STATE UNIT (Describe)
E-Mail:

check if new or change) 4. SERVICE REQUIRED. Check appropriate box and provide project
information.

3. SEND REPLY TO (
Name and complete address:

New Schedule of Wages and Supplements.

APPROXIMATE BID DATE :

Additional Occupation and/or Redetermination

PRC NUMBER ISSUED PREVIOUSLY FOR
THIS PROJECT :

OFFICE USE ONLYTelephone: Fax:

E-Mail:

B. PROJECT PARTICULARS

6. Location of Project:5.
Location on Site

Route No/Street Address

Village or City

Town

County

7. Nature of Project - Check One: 8. OCCUPATION FOR PROJECT :
1. New Building Guards, WatchmenConstruction (Building, Heavy
2. Addition to Existing Structure Highway/Sewer/Water) Janitors, Porters, Cleaners, 

Elevator Operators3. Heavy and Highway Construction (New and Repair) Tunnel
Moving furniture and4. New Sewer or Waterline
equipment

Residential
5. Other New Construction (Explain)

Trash and refuse removal
Landscape Maintenance

6. Other Reconstruction, Maintenance, Repair or Alteration Elevator maintenance
Window cleaners7. Demolition Exterminators, Fumigators
Other (Describe)8. Building Service Contract

Signature
Name and Title of Requester10.

SEE PAGE TWO FOR LAWS RELATING TO PUBLIC WORK CONTRACTSPW-39 (04.11)

( ) ( )

Project Title

Description of Work

Contract Identification Number

Note: For NYS units, the OSC Contract No.

NY State Units (see Item 5) 

9. Has this project been reviewed for compliance with the Wicks Law involving separate bidding? YES 

( ) ( )

As Required by Articles 8 and 9 of the NYS  Labor Law

Contracting Agency Architect or Engineering Firm Public Work District Office Date:

(Check if new or change)

Fire Safety Director, NYC Only

NO



Under Article 8 and Article 9 of the NYS Labor Law, a contractor, sub-contractor and/or

its successor shall be debarred and ineligible to submit a bid on or be awarded any

public work or public building service contract/sub-contract with the state, any municipal

corporation or public body for a period of five (5) years from the date of debarment when:

tive six-year (6)

period determining that such contractor, sub-contractor and/or its successor has

WILLFULLY failed to pay the prevailing wage and/or supplements

or the kickback of

The agency issuing the determination and providing the information, is denoted

fice.

NEW YORK STATE DEPARTMENT OF LABOR 
Bureau of Public Work  - Debarment List 

LIST OF EMPLOYERS INELIGIBLE TO BID ON OR BE 
AWARDED ANY PUBLIC WORK CONTRACT 



 



Introduction to the Prevailing Rate Schedule

Information About Prevailing Rate Schedule
 
This information is provided to assist you in the interpretation of particular requirements for each classification of worker contained in the
attached Schedule of Prevailing Rates.

Classification
 
It is the duty of the Commissioner of Labor to make the proper classification of workers taking into account whether the work is heavy and
highway, building, sewer and water, tunnel work, or residential, and to make a determination of wages and supplements to be paid or
provided. It is the responsibility of the public work contractor to use the proper rate. If there is a question on the proper classification to be
used, please call the district office located nearest the project. District office locations and phone numbers are listed below.
 
Prevailing Wage Schedules are issued separately for "General Construction Projects" and "Residential Construction Projects" on a county-
by-county basis. 
 
General Construction Rates apply to projects such as: Buildings, Heavy & Highway, and Tunnel and Water & Sewer rates. 
 
Residential Construction Rates generally apply to construction, reconstruction, repair, alteration, or demolition of one family, two family, row
housing, or rental type units intended for residential use.
 
Some rates listed in the Residential Construction Rate Schedule have a very limited applicability listed along with the rate.  Rates for
occupations or locations not shown on the residential schedule must be obtained from the General Construction Rate Schedule.  Please
contact the local Bureau of Public Work office before using Residential Rate Schedules, to ensure that the project meets the required criteria.
 
 
Payrolls and Payroll Records
 
Contractors and subcontractors are required to establish, maintain, and preserve for not less that six (6) years, contemporaneous, true, and
accurate payroll records.
 
Every contractor and subcontractor shall submit to the Department of Jurisdiction (Contracting Agency), 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.

Paid Holidays
 
Paid Holidays are days for which an eligible employee receives a regular day's pay, but is not required to perform work. If an employee
works on a day listed as a paid holiday, this remuneration is in addition to payment of the required prevailing rate for the work actually
performed.

Overtime
 
At a minimum, all work performed on a public work project in excess of eight hours in any one day or more than five days in any workweek is
overtime.  However, the specific overtime requirements for each trade or occupation on a public work project may differ.  Specific overtime
requirements for each trade or occupation are contained in the prevailing rate schedules.
 
Overtime holiday pay is the premium pay that is required for work performed on specified holidays. It is only required where the employee
actually performs work on such holidays.
 
The applicable holidays are listed under HOLIDAYS: OVERTIME. The required rate of pay for these covered holidays can be found in the
OVERTIME PAY section listings for each classification.
 

Supplemental Benefits
 
Particular attention should be given to the supplemental benefit requirements.  Although in most cases the payment or provision of
supplements is straight time for all hours worked, some classifications require the payment or provision of supplements, or a portion of the
supplements, to be paid or provided at a premium rate for premium hours worked. Supplements may also be required to be paid or provided
on paid holidays, regardless of whether the day is worked. The Overtime Codes and Notes listed on the particular wage classification will
indicate these conditions as required.

Effective Dates
 
When you review the schedule for a particular occupation, your attention should be directed to the dates above the column of rates.  These
are the dates for which a given set of rates is effective.  The rate listed is valid until the next effective rate change or until the new annual
determination which takes effect on July 1 of each year.  All  contractors and subcontractors are required to pay the current prevailing rates
of wages and supplements. If you have any questions please contact the Bureau of Public Work or visit the New York State Department of
Labor website (www.labor.ny.gov) for current wage rate information.

Apprentice Training Ratios
 
The following are the allowable ratios of registered Apprentices to Journey-workers. 
 
For example, the ratio 1:1,1:3 indicates the allowable initial ratio is one Apprentice to one Journeyworker. The Journeyworker must be in
place on the project before an Apprentice is allowed. Then three additional Journeyworkers are needed before a second Apprentice is
allowed.  The last ratio repeats indefinitely. Therefore, three more Journeyworkers must be present before a third Apprentice can be hired,
and so on. 
 
Please call Apprentice Training Central Office at (518) 457-6820 if you have any questions. 
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Title (Trade) Ratio

Boilermaker (Construction) 1:1,1:4

Boilermaker (Shop) 1:1,1:3

Carpenter (Bldg.,H&H, Pile Driver/Dockbuilder) 1:1,1:4

Carpenter (Residential) 1:1,1:3

Electrical (Outside) Lineman 1:1,1:2

Electrician (Inside) 1:1,1:3

Elevator/Escalator Construction & Modernizer 1:1,1:2

Glazier 1:1,1:3

Insulation & Asbestos Worker 1:1,1:3

Iron Worker 1:1,1:4

Laborer 1:1,1:3

Mason 1:1,1:4

Millwright 1:1,1:4

Op Engineer 1:1,1:5

Painter 1:1,1:3

Plumber & Steamfitter 1:1,1:3

Roofer 1:1,1:2

Sheet Metal Worker 1:1,1:3

Sprinkler Fitter 1:1,1:2

If you have any questions concerning the attached schedule or would like additional information, please contact the nearest BUREAU of
PUBLIC WORK District Office or write to:

                   New York State Department of Labor
                   Bureau of Public Work
                   State Office Campus, Bldg. 12
                   Albany, NY 12240

District Office Locations: Telephone # FAX #

Bureau of Public Work - Albany 518-457-2744 518-485-0240

Bureau of Public Work - Binghamton 607-721-8005 607-721-8004

Bureau of Public Work - Buffalo 716-847-7159 716-847-7650

Bureau of Public Work - Garden City 516-228-3915 516-794-3518

Bureau of Public Work - Newburgh 845-568-5287 845-568-5332

Bureau of Public Work - New York City 212-932-2419 212-775-3579

Bureau of Public Work - Patchogue 631-687-4882 631-687-4902

Bureau of Public Work - Rochester 585-258-4505 585-258-4708

Bureau of Public Work - Syracuse 315-428-4056 315-428-4671

Bureau of Public Work - Utica 315-793-2314 315-793-2514

Bureau of Public Work - White Plains 914-997-9507 914-997-9523

Bureau of Public Work - Central Office 518-457-5589 518-485-1870
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Putnam County General Construction

Boilermaker 07/01/2022

JOB DESCRIPTION  Boilermaker DISTRICT  4
ENTIRE COUNTIES
Bronx, Dutchess, Kings, Nassau, New York, Orange, Putnam, Queens, Richmond, Rockland, Suffolk, Sullivan, Ulster, Westchester

WAGES
Per Hour: 07/01/2022

Boilermaker $ 63.38
Repairs & Renovations 63.38

SUPPLEMENTAL BENEFITS
Per Hour:

Boilermaker 32% of hourly
Repair $ Renovations Wage Paid

+ $ 25.38

NOTE: "Hourly Wage Paid" shall include any and all premium(s) pay.

Repairs & Renovation Includes replacement of parts and repairs & renovation of existing unit.

OVERTIME PAY
See (D, O) on OVERTIME PAGE
Repairs & Renovation see (B,E,Q)

HOLIDAY
Paid: See (8, 16, 23, 24) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 11, 12, 15, 16, 22, 23, 24, 25) on HOLIDAY PAGE
NOTE: *Employee must work in pay week to receive Holiday Pay.
      **Employee gets 4 times the hourly wage rate for working Labor Day.

REGISTERED APPRENTICES
Wage per hour:
(1/2) Year Terms at the following percentage of Boilermaker's Wage

1st      2nd      3rd      4th      5th      6th      7th
65%   70%    75%    80%    85%    90%    95%

Supplemental Benefits Per Hour:

Apprentice(s)   32% of Hourly
Wage Paid Plus
  Amount Below

1st Term $ 19.41
2nd Term 20.26
3rd Term 21.11
4th Term 21.96
5th Term 22.82
6th Term 23.68
7th Term 24.52

NOTE: "Hourly Wage Paid" shall include any and all premium(s)
4-5

Carpenter 07/01/2022

JOB DESCRIPTION  Carpenter DISTRICT  8
ENTIRE COUNTIES
Bronx, Kings, Nassau, New York, Putnam, Queens, Richmond, Rockland, Suffolk, Westchester

WAGES
Per hour: 07/01/2022

Piledriver $ 67.70
Dockbuilder $ 67.70

SUPPLEMENTAL BENEFITS
Page 3
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Per hour:

Journeyworker $ 44.54

OVERTIME PAY
See (B, E2, O) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE.

Paid: for 1st & 2nd yr.
Apprentices See (5,6,11,13,25)

Overtime: See (5,6,11,13,25) on HOLIDAY PAGE.

REGISTERED APPRENTICES
Wages per hour
(1)year terms:

1st 2nd 3rd 4th
$29.65 $35.25 $43.63 $52.02

Supplemental benefits per hour:

All Terms: $ 31.03
8-1556 Db

Carpenter 07/01/2022

JOB DESCRIPTION  Carpenter DISTRICT  8
ENTIRE COUNTIES
Bronx, Dutchess, Kings, Nassau, New York, Orange, Putnam, Queens, Richmond, Rockland, Suffolk, Westchester

WAGES
Per Hour: 07/01/2022

Marine Construction:

Marine Diver $ 82.57
Marine Tender   62.11

SUPPLEMENTAL BENEFITS
Per Hour:

Journeyworker $ 44.54

OVERTIME PAY
See (B, E, E2, Q) on OVERTIME PAGE

HOLIDAY
Paid: See (18, 19) on HOLIDAY PAGE
Overtime: See (5, 6, 10, 11, 13, 16, 18, 19) on HOLIDAY PAGE

REGISTERED APPRENTICES
Wages per hour:
One (1) year terms.

1st year $ 29.65
2nd year 35.25
3rd year 43.63
4th year 52.02

Supplemental Benefits
Per Hour:

All terms $ 31.03
8-1456MC

Carpenter 07/01/2022

JOB DESCRIPTION  Carpenter DISTRICT  8
ENTIRE COUNTIES
Bronx, Kings, Nassau, New York, Putnam, Queens, Richmond, Rockland, Suffolk, Westchester
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WAGES
Per hour: 07/01/2022

Building
Millwright $ 70.42

SUPPLEMENTAL BENEFITS
Per hour:

Millwright $ 43.16

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE

HOLIDAY
Paid: See (18,19) on HOLIDAY PAGE.

Overtime See (5,6,8,11,13,18,19,25) on HOLIDAY PAGE.

REGISTERED APPRENTICES
Wages per hour:
One (1) year terms:

1st. 2nd. 3rd. 4th.
$37.99 $44.61 $51.23 $64.47

Supplemental benefits per hour:
One (1) year terms:

1st. 2nd. 3rd. 4th.
 $29.01 $31.54 $34.72 $39.14

8-740.1

Carpenter 07/01/2022

JOB DESCRIPTION  Carpenter DISTRICT  8
ENTIRE COUNTIES
Bronx, Kings, Nassau, New York, Queens, Richmond, Rockland, Westchester

PARTIAL COUNTIES
Orange:  South of but including the following, Waterloo Mills, Slate Hill, New Hampton, Goshen, Blooming Grove, Mountainville, east to the
Hudson River.
Putnam:  South of but including the following, Cold Spring, TompkinsCorner, Mahopac, Croton Falls, east to Connecticut border.
Suffolk:  West of Port Jefferson and Patchogue Road to Route 112 to the Atlantic Ocean.

WAGES
Per hour: 07/01/2022 10/18/2022

Core Drilling:
Driller $ 44.57 $ 46.38

Driller Helper 35.77 36.97

Note: Hazardous Waste Pay Differential:
      For Level C, an additional 15% above wage rate per hour
      For Level B, an additional 15% above wage rate per hour
      For Level A, an additional 15% above wage rate per hour
Note: When required to work on water: an additional $ 3.00 per hour.

SUPPLEMENTAL BENEFITS
Per hour:

Driller and Helper $ 28.30 $ 28.85

OVERTIME PAY
See (B, G, P) on OVERTIME PAGE

HOLIDAY
Paid: See (5, 6) on HOLIDAY PAGE
Overtime: See (5, 6) on HOLIDAY PAGE

8-1536-CoreDriller

Carpenter 07/01/2022

Page 5

Prevailing Wage Rates for 07/01/2022 - 06/30/2023 Published by the New York State Department of Labor
Last Published on Jul 01 2022 Putnam County



JOB DESCRIPTION  Carpenter DISTRICT  8
ENTIRE COUNTIES
Bronx, Kings, New York, Putnam, Queens, Richmond

PARTIAL COUNTIES
Nassau:  That portion of the county that lies west of Seaford Creekand south of the Southern State Parkway.

WAGES
Per hour: 07/01/2022

Show Exhibit $ 64.50
Bldg. Carpenter  63.30*

* Not applicable in Putnam County

SUPPLEMENTAL BENEFITS
Per hour worked:

Show Exhibit $ 44.20
Bldg. Carpenter 39.40

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE

HOLIDAY
Paid: See (18,19) on HOLIDAY PAGE.

Paid:for 1st & 2nd yr.
Apprentices See (5,6,11,13,16,18,19,25)

Overtime: See (5,6,11,13,16,18,19,25) on HOLIDAY PAGE.

REGISTERED APPRENTICES
Wages per hour: Show Exhibit

(1) year terms:
1st. 2nd. 3rd. 4th.

$26.75 $32.50 $40.50 $48.75

Supplemental benefits per hour:
All terms $ 30.25

Wages per hour: Bldg. Carpenter
(1) year terms:

1st 2nd 3rd 4th
$21.65 $25.10 $29.85 $38.73

Supplemental benefits per hour:
1st 2nd 3rd 4th

$14.82 $15.87 $18.97 $19.97
8-EXHIB

Carpenter 07/01/2022

JOB DESCRIPTION  Carpenter DISTRICT  8
ENTIRE COUNTIES
Putnam

WAGES
Per hour: 07/01/2022

Carpet/Resilient
  Floor Coverer $ 47.79

INCLUDES HANDLING & INSTALLATION OF ARTIFICIAL TURF AND SIMILAR TURF INDOORS/OUTDOORS.

SUPPLEMENTAL BENEFITS
Per hour:

$ 31.88

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE
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HOLIDAY
Paid: See (18, 19) on HOLIDAY PAGE
Paid for 1st & 2nd yr.
Apprentices: See (5, 6, 11, 13, 16, 18, 19, 25)
Overtime: See (5, 6, 11, 13, 16, 18, 19, 25) on HOLIDAY PAGE.

REGISTERED APPRENTICES
Wage per hour - (1) year terms:

1st 2nd 3rd 4th
$ 22.00 $ 25.88 $ 31.71 $ 37.53

Supplemental Benefits per hour - All apprentice terms:

$ 22.34
8-2287Pn

Carpenter - Building / Heavy&Highway 07/01/2022

JOB DESCRIPTION  Carpenter - Building / Heavy&Highway DISTRICT  11

ENTIRE COUNTIES
Putnam, Rockland, Westchester

WAGES
WAGES:(per hour)
Applies to CAPRENTER BUILDING/HEAVY & HIGHWAY/TUNNEL:

07/01/2022 07/01/2023 07/01/2024 07/01/2025
Additional Additional Additional

Base Wage $ 38.95 $ 1.25** $ 1.25** $ 1.25**
+$6.65*

*For all hours paid straight or premium.
**To be allocated at a later date.

SHIFT DIFFERENTIAL: When it is mandated by a Government Agency irregular or off shift can be worked. The Carpenter shall receive an
additional fifteen percent (15%) of wage plus applicable benefits.

SUPPLEMENTAL BENEFITS
Per hour:

Journeyworker $ 32.88

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE

HOLIDAY
BUILDING:
Paid: See ( 1 ) on HOLIDAY PAGE.
Overtime: See ( 5, 6, 16, 25 ) on HOLIDAY PAGE.
- Holidays that fall on Sunday will be observed Monday.

HEAVY&HIGHWAY/TUNNEL:
Paid: See ( 5, 6, 25 ) on HOLIDAY PAGE
Overtime: See ( 5, 6 ) on HOLIDAY PAGE
- Holidays that fall on Sunday will be observed Monday
- Must be employed during the five (5) work days immediately preceding a holiday or during the five (5) work days following the paid holiday
to receive holiday pay
- If Employee is entitled to a paid holiday, the Employee is paid the Holiday wage and supplemental benefits whether they work or not.  If
Employee works the Holiday, the Employee will receive holiday pay (including supplemental benefits), plus the applicable premium wage for
working the Holiday. If Employee works in excess of 8 hours on Holiday, then benefits will be paid for any hours in excess of 8 hours.

REGISTERED APPRENTICES
1 year terms at the following wage rates:

1st 2nd 3rd 4th 5th
$ 19.48 $ 23.37 $ 25.32 $ 27.27 $ 31.16
+3.57* +3.57* +3.57* +3.57* +3.57*

*For all hours paid straight or premium

SUPPLEMENTAL BENEFITS per hour:
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All terms $ 16.28
11-279.1B/HH

Electrician 07/01/2022

JOB DESCRIPTION  Electrician DISTRICT  11

ENTIRE COUNTIES
Orange, Putnam, Rockland

PARTIAL COUNTIES
Dutchess:  Towns of Fishkill, East Fishkill, and Beacon.

WAGES
Per hour:

07/01/2022 04/01/2023 04/01/2024
Electrician Wireman/Technician $ 48.00 $ 49.50 $ 50.50

+9.00* + 9.00* + 9.50*

SHIFT DIFFERENTIAL: On Public Work in New York State when shift work is mandated either in the job specifications or by the contracting
agency, the following rates apply when shift is worked:
Between 4:30pm & 12:30am $ 56.32 $ 58.08 $ 59.30

+ 9.00* + 9.00* + 9.50*
Between 12:30am &  8:30am $ 63.09 $65.06 $66.35

+ 9.00* + 9.00* + 9.50*

*For all hours paid straight or premium, not to be included in 3% calculation for supplemental benefits.

NOTE ADDITIONAL AMOUNTS PAID FOR THE FOLLOWING WORK LISTED BELOW (subject to overtime premiums):
- On jobs where employees are required to work from boatswain chairs, swinging scaffolds, etc., forty (40) feet or more above  the ground, or
under compressed air, using Scottair packs, or gas masks, they shall receive an additional $2.00 per hour above the regular straight time
rate.
- Journeyman Wireman working in Shafts, Tunnels or on Barges: $5.00 above the Journeyman Wireman rate of pay
- Journeyman Wireman when performing welding or cable splicing: $3.00 above the Journeyman Wireman rate of pay
- Journeyman Wireman required to have a NYS Asbestos Certificate: $3.00 above the Journeyman Wireman rate of pay
- Journeyman Wireman required to have a CDL: $3.00 above the Journeyman Wireman rate of pay.

SUPPLEMENTAL BENEFITS
Per hour: 07/01/2022 04/01/2023 04/01/2024
Journeyman $ 27.68 plus $ 28.68 plus $ 29.68 plus

3% of straight 3% of straight 3% of straight
or premium wage or premium wage or premium wage

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 13, 15, 16, 25) on HOLIDAY PAGE
When the holiday falls on a Saturday it is observed the Friday before.  When the holiday falls on a Sunday it is observed on the Monday
after.

REGISTERED APPRENTICES
WAGES:
(1)year terms at the following rates

07/01/2022 1st 2nd 3rd 4th 5th 6th
1st Shift $ 13.80 $ 18.40 $ 23.00 $ 27.60 $ 32.20 $ 34.50

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*
2nd Shift 16.19 21.59 26.99 32.38 37.78 40.48

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*
3rd Shift 18.14 24.18 30.23 36.28 42.32 45.35

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*

04/01/2023 1st 2nd 3rd 4th 5th 6th
1st Shift $ 14.25 $ 19.00 $ 23.75 $ 28.50 $ 33.25 $ 35.63

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*
2nd Shift 16.72 22.29 27.87 33.44 39.01 41.80

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*
3rd Shift 18.73 24.97 31.22 37.46 43.70 46.83

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*

04/01/2024 1st 2nd 3rd 4th 5th 6th
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1st Shift $ 14.55 $ 19.40 $ 24.25 $ 29.10 $ 33.95 $ 36.38
+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*

2nd Shift 17.08 22.77 28.47 34.16 39.85 42.70
+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*

3rd Shift 19.12 25.49 31.87 38.24 44.61 47.80
+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*

09/01/2024 1st 2nd 3rd 4th 5th 6th
1st Shift $ 14.55 $ 19.40 $ 24.25 $ 29.10 $ 33.95 $ 36.38

+0.50* +1.00* +1.00* +2.00* +2.50* +2.50*
2nd Shift 17.08 22.77 28.47 34.16 39.85 42.70

+0.50* +1.00* +1.00* +2.00* +2.50* +2.50*
3rd Shift 19.12 25.49 31.87 38.24 44.61 47.80

+0.50* +1.00* +1.00* +2.00* +2.50* +2.50*

*For all hours paid straight or premium, not to be included in 3% calculation for supplemental benefits.

SUPPLEMENTAL BENEFITS per hour:

07/01/2022
1st term $ 15.31 plus 3% of straight or premium wage
2nd term $ 15.81 plus 3% of straight or premium wage
3rd term $ 17.31 plus 3% of straight or premium wage
4th term $ 18.31 plus 3% of straight or premium wage
5th term $ 19.81 plus 3% of straight or premium wage
6th term $ 19.81 plus 3% of straight or premium wage

09/01/2022
1st term $ 16.28 plus 3% of straight or premium wage
2nd term $ 16.28 plus 3% of straight or premium wage
3rd term $ 18.28 plus 3% of straight or premium wage
4th term $ 18.78 plus 3% of straight or premium wage
5th term $ 20.28 plus 3% of straight or premium wage
6th term $ 20.28 plus 3% of straight or premium wage

09/01/2024
1st term $ 16.28 plus 3% of straight or premium wage
2nd term $ 17.78 plus 3% of straight or premium wage
3rd term $ 18.78 plus 3% of straight or premium wage
4th term $ 19.78 plus 3% of straight or premium wage
5th term $ 21.28 plus 3% of straight or premium wage
6th term $ 21.28 plus 3% of straight or premium wage

11-363/1

Elevator Constructor 07/01/2022

JOB DESCRIPTION  Elevator Constructor DISTRICT  1
ENTIRE COUNTIES
Columbia, Dutchess, Greene, Orange, Putnam, Sullivan, Ulster

PARTIAL COUNTIES
Delaware:  Towns of Andes, Bovina, Colchester, Davenport, Delhi, Harpersfield, Hemdon, Kortright, Meredith, Middletown, Roxbury,
Hancock & Stamford
Rockland:  Only the Township of Stony Point.
Westchester:  Only the Townships of Bedford, Lewisboro, Cortland, Mt. Kisco, North Salem, Pound Ridge, Somers and Yorktown.

WAGES
Per Hour 07/01/2022 01/01/2023

Mechanic $ 64.63 $ 67.35

Helper 70% of Mechanic 70% of Mechanic
Wage Rate Wage Rate

Four (4), ten (10) hour days may be worked for New Construction and Modernization Work at straight time during a week, Monday thru
Thursday or Tuesday thru Friday.

***Four (4), ten (10) hour days are not permitted for Contract Work/Repair Work
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NOTE - In order to use the '4 Day/10 Hour Work Schedule' as your normal schedule, you must submit an 'Employer Registration for Use of 4
Day/10 Hour Work Schedule', form PW30.1; and there must be a dispensation of hours in place on the project. If the PW30.1 is not
submitted you may be liable for overtime payments for work over 8 hours per day.

SUPPLEMENTAL BENEFITS
Per hour

07/01/2022 01/01/2023
Journeyperson/Helper

$ 36.885* $ 37.335*

(*)Plus 6% of regular hourly if less than 5 years of service. Plus 8% of regular hourly rate if more than 5 years of service.

OVERTIME PAY
See (D, O) on OVERTIME PAGE

HOLIDAY
Paid: See (5, 6, 15, 16) on HOLIDAY PAGE
Overtime: See (5, 6, 15, 16) on HOLIDAY PAGE
Note:  When a paid holiday falls on Saturday, it shall be observed on Friday. When a paid holiday falls on Sunday, it shall be observed on
Monday.

REGISTERED APPRENTICES
Wages per hour:
0-6 mo* 6-12 mo 2nd yr 3rd yr 4th yr
50 % 55 % 65 % 70 % 80 %

(*)Plus 6% of the hourly rate, no additional supplemental benefits.

Supplemental Benefits per hour worked:

Same as Journeyperson/Helper
1-138

Glazier 07/01/2022

JOB DESCRIPTION  Glazier DISTRICT  8
ENTIRE COUNTIES
Bronx, Dutchess, Kings, Nassau, New York, Orange, Putnam, Queens, Richmond, Rockland, Suffolk, Sullivan, Ulster, Westchester

WAGES
Per hour: 7/01/2022 11/01/2022

Additional
Glazier $ 59.59 $ 1.25
*Scaffolding 61.55
Glass Tinting & 30.11
Window Film
**Repair & Maintenance 30.11

*Scaffolding includes swing scaffold, mechanical equipment, scissor jacks, man lifts, booms & buckets 24' or more, but not pipe scaffolding.

**Repair & Maintenance- All repair & maintenance work on a particular building whenever performed, where the total  cumulative contract
value is under $148,837. All Glass tinting, window film, regardless of material or intended use, and all affixing of decals to windows or glass.

SUPPLEMENTAL BENEFITS
Per hour: 7/01/2022

Journeyworker $ 37.55
Glass tinting & 22.01
Window Film
Repair & Maintenance 22.01

OVERTIME PAY
See (B,H,V) on OVERTIME PAGE.
For 'Repair & Maintenance' and 'Glass Tinting & Window Film' see (B, B2, I, S) on overtime page.

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (4, 6, 16, 25) on HOLIDAY PAGE
For 'Repair & Maintenance' and 'Glass Tinting & Window Film' Only
Paid: See(5, 6, 16, 25)
Overtime: See(5, 6, 16, 25)

REGISTERED APPRENTICES
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Wage per hour:
(1) year terms at the following wage rates:

7/01/2022 11/01/2022

1st term $ 21.15 TBD
2nd term 29.07
3rd term 35.20
4th term 47.38

Supplemental Benefits:
(Per hour)
1st term $ 17.15
2nd term 24.42
3rd term 27.06
4th term 32.15

8-1087 (DC9 NYC)

Insulator - Heat & Frost 07/01/2022

JOB DESCRIPTION  Insulator - Heat & Frost DISTRICT  8
ENTIRE COUNTIES
Dutchess, Orange, Putnam, Rockland, Westchester

WAGES
Per hour: 07/01/2022 05/31/2023

Insulator $ 58.25 + $ 2.00

Discomfort & 61.30 + $ 2.00
Additional Training**

Fire Stop Work* 31.15 + $ 2.00

* Applies on all exclusive Fire Stop Work (When contract is for Fire Stop work only). No apprentices on these contracts only.

**Applies to work requiring; garb or equipment worn against the body not customarily worn by insulators;psychological evaluation;special
training, including but not limited to "Yellow Badge" radiation training

Note: Additional $0.50 per hour for work 30 feet or more above floor or ground level.

SUPPLEMENTAL BENEFITS
Per hour:

Journeyworker $ 36.10

Discomfort &
Additional Training 38.09
Fire Stop Work:
    Journeyworker 18.41

OVERTIME PAY
See (B, E, E2, Q, *T) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Note: Last working day preceding Christmas and New Years day, workers shall work no later than 12:00 noon and shall receive 8 hrs pay.

Overtime: See ( 2*, 4, 6, 16, 25 ) on HOLIDAY PAGE.
*Note: Labor Day triple time if worked.

REGISTERED APPRENTICES
(1) year terms:

Insulator Apprentices:
1st 2nd 3rd 4th

$ 31.15 $ 36.56 $ 41.98 $ 47.41

Discomfort & Additional Training Apprentices:
1st 2nd 3rd 4th

$ 32.67 $ 38.39 $ 44.12 $ 49.85
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Supplemental Benefits paid per hour:

Insulator Apprentices:
  1st term $ 18.41
  2nd term 21.94
  3rd term 25.48
  4th term 29.03

Discomfort & Additional Training Apprentices:
  1st term $ 19.41
  2nd term 23.14
  3rd term 26.88
  4th term 30.62

8-91

Ironworker 07/01/2022

JOB DESCRIPTION  Ironworker DISTRICT  11

ENTIRE COUNTIES
Dutchess, Orange, Putnam, Rockland, Sullivan, Ulster

WAGES
Per hour:

07/01/2022 07/01/2023
Additional

Structural $ 51.38 $ 2.34*
Reinforcing* 51.38 2.34*
Ornamental 51.38 2.34*
Chain Link Fence 51.38 2.34*

* To be allocated at a later date.

NOTE: For Reinforcing classification ONLY, Ironworker 4-46Reinf rates apply in Rockland County's southern section (south of Convent Road
and east of Blue Hills Road).

On Government Mandated Irregular Work Days or Shift Work, the following wage will be paid:
1st Shift $ 51.38
2nd Shift 65.79
3rd Shift 70.59
**Note- Any shift that works past 12:00 midnight shall receive the 3rd shift differential.

SUPPLEMENTAL BENEFITS
Per hour:

 Journeyman $ 42.71

OVERTIME PAY
See (B1, Q, V) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 16) on HOLIDAY PAGE
If a holiday falls on Saturday, it will be observed Friday.  If a holiday falls on Sunday, it will be observed Monday.

REGISTERED APPRENTICES
Wages:

(1) year terms at the following wage:
1st yr 2nd yr 3rd yr 4th yr

1st Shift $ 25.69 $ 30.83 $ 35.97 $ 41.10
2nd Shift 35.34 41.44 47.53 53.61
3rd Shift 38.56 44.97 51.38 57.77

Supplemental Benefits per hour:

1st year $ 36.71
2nd year 37.91
3rd year 39.11
4th year 40.31

11-417

Page 12

Prevailing Wage Rates for 07/01/2022 - 06/30/2023 Published by the New York State Department of Labor
Last Published on Jul 01 2022 Putnam County



Laborer - Building 07/01/2022

JOB DESCRIPTION  Laborer - Building DISTRICT  8
ENTIRE COUNTIES
Putnam, Westchester

WAGES
Per hour 07/01/2022

Laborer $ 39.05
plus $5.45**

Laborer - Asbestos & Hazardous
  Materials Removal $ 43.50*

* Abatement/Removal of:
    - Lead based or lead containing paint on materials to be repainted is classified as Painter.
    - Asbestos containing roofs and roofing material is classified as Roofer.

** This portion is not subject to overtime premium.

NOTE: Upgrade/Material condition work plan for work performed during non-outage under a wage formula of 90% wage/100% fringe benefits
at nuclear power plants.

SUPPLEMENTAL BENEFITS
Per hour: 07/01/2022

Journeyworker $ 29.50

OVERTIME PAY
See (B, E, E2, Q, *V) on OVERTIME PAGE
*Note: For Sundays and Holidays worked benefits are at the same premium as wages.

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 16, 25) on HOLIDAY PAGE

REGISTERED APPRENTICES
LABORER ONLY
Hourly terms at the following wage:

Level A Level B Level C Level D
0-1000 1001-2000 2001-3000 3001-4000

$ 27.07 $ 30.89 $ 34.72 $ 38.54

Supplemental Benefits per hour:

Apprentices
  All terms $ 22.20

8-235/B

Laborer - Heavy&Highway 07/01/2022

JOB DESCRIPTION  Laborer - Heavy&Highway DISTRICT  8
ENTIRE COUNTIES
Putnam, Westchester

WAGES
 **PUTNAM: APPLIES TO ALL HEAVY & HIGHWAY WORK EXCLUDING HIGHWAYS, STREETS, AND BRIDGES**
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

GROUP I: Blaster, Quarry Master, Curbs/Asphalt Screedman, Pipe Jacking and Boring Operations Operator, Qualified Dead Condition Pipe
Fuser (B Mechanic)

GROUP II: Burner, Drillers(jumbo, joy, wagon, air track, hydraulic), Drill  Operator, Self Contained Rotary Drill, Curbs, Raker, Bar Person,
Concrete Finisher.

GROUP III: Pavement Breakers, Jeeper Operator, Jack Hammer, Pneumatic Tools (all), Gas Driller, Guniting, Railroad Spike Puller,
Pipelayer, Chain Saw, Deck winches on scows, Power Buggy Operator, Power Wheelbarrow Operator, Bar Person Helper, Compressed
Airlance, Water Jet Lance.
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GROUP IV: Concrete Laborers, Asph. Worker, Rock Scaler, Vibrator Oper., Bit Grinder, Air Tamper, Pumps, Epoxy (adhesives, fillers and
troweled on), Barco Rammer, Concrete Grinder, Crack Router Operator, Guide Rail-digging holes and placing concrete and demolition when
not to be replaced, distribution of materials and tightening of bolts.

GROUP V: Drillers Helpers, Common Laborer, Mason Tenders, Signal Person, Pit Person, Truck Spotter, Powder Person,
Landscape/Nursery Person, Dump Person, Temp. Heat.

GROUP VIA: Asbestos/Toxic Waste Laborer-All removal (Roads, Tunnels, Landfills, etc.) Confined space laborer, Bio-remediation, Phyto-
remediation, Lead or Hazardous material, Abatement Laborer.

Wages:(per hour) 07/01/2022

 GROUP I $ 47.13*
 GROUP II 45.78*
 GROUP III 45.38*
 GROUP IV 45.03*
 GROUP V 44.68*
 GROUP VIA 46.68*
 Operator Qualified
 Gas Mechanic(A Mech) 57.13*
 Flagperson 38.33*

*NOTE: To calculate overtime premiums, deduct $0.10 from above wages

SHIFT WORK: A shift premium will be paid on Public Work contracts for off-shift or irregular shift work when mandated by the NYS D.O.T. or
other Governmental Agency contracts. Employees shall receive an additional 15% per hour above current rate for all regular and irregular
shift work. Premium pay shall be calculated using the 15% per hour differential as base rate.

SUPPLEMENTAL BENEFITS
Per hour:
Journeyworker:
  First 40 Hours
       Per Hour $ 26.82
  Over 40 Hours
       Per Hour  20.32

OVERTIME PAY
See (B, E, P, R, S) on OVERTIME PAGE

HOLIDAY
Paid: See (5, 6, 8, 15, 25, 26) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 15, 25, 26) on HOLIDAY PAGE
NOTE: For Holiday Overtime: 5, 6 - Code 'S' applies

For Holiday Overtime: 8, 15, 25, 26 - Code 'R' applies

REGISTERED APPRENTICES
1st term 2nd term 3rd term 4th term

1-1000hrs 1001-2000hrs 2001-3000hrs 3001-4000hrs
07/01/2022 $ 25.37 $ 29.94 $ 34.51 $ 38.98

Supplemental Benefits per hour:
  1st term $ 4.70 - After 40 hours: $ 4.45
  2nd term $ 4.80 - After 40 hours: 4.45
  3rd term $ 5.30 - After 40 hours: 4.85
  4th term $ 5.85 - After 40 hours: 5.35

8-60H/H

Laborer - Heavy&Highway 07/01/2022

JOB DESCRIPTION  Laborer - Heavy&Highway DISTRICT  8
ENTIRE COUNTIES
Putnam

WAGES
-------------------------------------------------------------------------------
APPLIES ONLY TO HIGHWAYS-STREETS and BRIDGES-
-------------------------------------------------------------------------------

GROUP I: Blaster, Asphalt Screedman, ACI Certfied Flatwork Finisher, Pipe Jacking and Boring Operations, Operator Qualified Dead
Condition Pipe Fuser ( B Mechanic)
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GROUP II: Burner, Drill Operator, Jumbo Driller, Wagon Driller, Air Track Driller, Hydraulic Driller, Self Contained Rotary Drill Operator,
Pneumatic Dowel Driller, Concrete Form Aligner, Concrete Form and Curb Form Highway, Concrete Finisher, Asphalt Raker, Pipe Fusion,
Wrecking "Bar Person", Operator Qualified Peer Checker.

GROUP III: Asphalt Curb Machine Operator, Jeepers Operator, Pavement Breaker Operator , Power Saw Operator, Jack Hammer Drill, all
types Pneumatic Tool and Gasoline Drill, Concrete Saw, Gunning, Railroad, Spike Puller, Sandblasting, Shoring, Pipe Layer, Deck Winches
on Scows, Power Buggy and Operator, Power Wheelbarrow Operator, Laser Bean and X-Ray Operator, Pipe Religner, Underpinning, Chain
Saw, Tree Cutter, Jack Leg Driller, Hydraulic Rock Splitter, certified, Certified Scaffold Erector, Remote Controlled Demolition Robot,
Wrecking "Bar Person" Helper, Utility Per Diem Laborer, Compressed air-lance, Water jet lance

Group IV: General Concrete Laborers - anything pertaining to concrete, aggregate or concrete material handling, Puddlers, Asphalt Worker,
Crack Router Operator, Rock Scalers, Vibrator Operator, Bit Grinder, Concrete Grinder, Remote Walk Behind Roller (Wacker, Rammax, etc),
Air Tampers and All Tampers not covered by any other classification, Form Pin Pullers, Pumps and their operation, Service of Air Power,
Epoxy and Waterproofing Worker, Fine Grade person between forms, Barco Rammer, Guard Rail Installation and Demolition Link Fence,
Steel Kings, Wire Mesh, Setting of all Paving Blocks, Brick Paver and Rubber Pavers, Rip Rap and Dry Stone Layer Wall, Stone Work and
Pointing, Cement Spray Men, Gabion Basket Assembler, Installation of Noise Barrier, Jersey Barrier and Joints, Pre-Cast Manholes, and Pre
-cast and Pre-cast Catch Basins, Crib Retaining Walls

Group V: All Driller Helpers(including Hydraulic Wagon Air Track). Common Laborers, Certified Fire Watch Laborers, All AFL/CIO Trades,
Signal Person Truck Spotters, Power Person , Landscaping and Nursery Person, Artificial Turf, Placing Fabric on Ladfill, Sign Installer,
Temporary and Interim Pavement Line Striping, String Line Automation Grades, Lock Level, Certified Traffic Safety and Control (Pattern)

Group V (A): Flagperson

Group VI: Confined Space Laborer

WAGES per hour 07/01/2022

Group I: $ 46.95
Group II: 45.60
Group III: 45.20
Group IV: 44.85
Group V: 44.50
Group V(A): 38.15
Group VI: 46.50

Note:  All employees working on a project that requires Hazwopper Certification will receive $1.00 per hour over job classification rate of pay.
All employees who work an irregular work day that starts after 9:00 AM on a governmental mandated schedule shall be paid an additional
15% per hour.

SUPPLEMENTAL BENEFITS
Per hour:
Journeyman $ 27.30

OVERTIME PAY
See (B, E, E2, Q) on OVERTIME PAGE

HOLIDAY
Paid: See (5, 6, 16, 25) on HOLIDAY PAGE
Overtime: See (5, 6, 16, 25) on HOLIDAY PAGE
Note: Whenever a holidays falls on Sunday, it will be observed on the following Monday.

REGISTERED APPRENTICES
Wages per hour

1000 HOUR YEAR TERMS
1st Term $ 27.07
2nd Term 30.89
3rd Term 34.72
4th Term 38.54

Note:  All employees working on a project that requires Hazwopper Certification will receive $1.00 per hour over job classification rate of pay.
All employees who work an irregular work day that starts after 9:00 AM on a governmental mandated work schedule shall be paid an
additional 15% per hour.

Supplemental Benefits per hour:

All Terms $ 22.20
8-235h/b
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Laborer - Tunnel 07/01/2022

JOB DESCRIPTION  Laborer - Tunnel DISTRICT  11

ENTIRE COUNTIES
Columbia, Dutchess, Greene, Orange, Otsego, Putnam, Rockland, Sullivan, Ulster, Westchester

PARTIAL COUNTIES
Chenango:  Townships of Columbus, Sherburne and New Berlin.
Delaware:  Townships of Andes, Bovina, Middletown, Roxbury, Franklin, Hamden, Stamford, Delhi, Kortright, Harpersfield, Merideth and
Davenport.

WAGES
Class 1: All support laborers/sandhogs working above the shaft or tunnel.

Class 2: All laborers/sandhogs working in the shaft or tunnel.

Class 4: Safety Miners

Class 5: Site work related to Shaft/Tunnel

WAGES: (per hour)

07/01/2022
Class 1 $ 53.45
Class 2 55.60
Class 4 62.00
Class 5 44.80

Toxic and hazardous waste, lead abatement and asbestos abatement work will be paid an additional $ 3.00 an hour.

SHIFT DIFFERENTIAL...On all Government mandated irregular shift work:
- Employee shall be paid at time and one half the regular rate Monday through Friday.
- Saturday shall be paid at 1.65 times the regular rate.
- Sunday shall be paid at 2.15 times the regular rate.

SUPPLEMENTAL BENEFITS
Per hour:

Benefit 1 $ 34.45
Benefit 2 51.60
Benefit 3 68.75

Benefit 1 applies to straight time hours, paid holidays not worked.
Benefit 2 applies to over 8 hours in a day (M-F), irregular shift work hours worked, and Saturday hours worked.
Benefit 3 applies to Sunday and Holiday hours worked.

OVERTIME PAY
See (B, E, Q, X) on OVERTIME PAGE

HOLIDAY
Paid: See (5, 6, 15, 25) on HOLIDAY PAGE
Overtime: See (5, 6, 15, 16, 25) on HOLIDAY PAGE
When a recognized Holidays falls on Saturday or Sunday, holidays falling on Saturday shall be recognized or observed on Friday and
holidays falling on Sunday shall be recognized or observed on Monday.  Employees ordered to work on the Saturday or Sunday of the
holiday or on the recognized or the observed Friday or Monday for those holidays falling on Saturday or Sunday shall receive double time the
established rate and benefits for the holiday.

REGISTERED APPRENTICES
FOR APPRENTICE RATES, refer to the appropriate Laborer Heavy & Highway wage rate contained in the wage schedule for the County
and location where the work is to be performed.

11-17/60/235/754Tun

Lineman Electrician 07/01/2022

JOB DESCRIPTION  Lineman Electrician DISTRICT  6
ENTIRE COUNTIES
Albany, Allegany, Broome, Cattaraugus, Cayuga, Chautauqua, Chemung, Chenango, Clinton, Columbia, Cortland, Delaware, Dutchess,
Erie, Essex, Franklin, Fulton, Genesee, Greene, Hamilton, Herkimer, Jefferson, Lewis, Livingston, Madison, Monroe, Montgomery, Niagara,
Oneida, Onondaga, Ontario, Orange, Orleans, Oswego, Otsego, Putnam, Rensselaer, Rockland, Saratoga, Schenectady, Schoharie,
Schuyler, Seneca, St. Lawrence, Steuben, Sullivan, Tioga, Tompkins, Ulster, Warren, Washington, Wayne, Wyoming, Yates

WAGES
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A Lineman/Technician shall perform all overhead aerial work. A Lineman/Technician on the ground will install all electrical panels, connect all
grounds, install and connect all electrical conductors, assembly of all electrical materials, conduit, pipe, or raceway; placing of fish wire;
pulling of cables, wires or fiber optic cable through such raceways; splicing of conductors; dismantling of such structures, lines or equipment.

A Groundman/Truck Driver shall:  Build and set concrete forms, handle steel mesh, set footer cages, transport concrete in a wheelbarrow,
hand or machine concrete vibrator, finish concrete footers, mix mortar, grout pole bases, cover and maintain footers while curing in cold
weather, operate jack hammer, operate hand pavement breaker, tamper, concrete and other motorized saws, as a drill helper, operate and
maintain generators, water pumps, chainsaws, sand blasting, operate mulching and seeding machine, air tools, electric tools, gas tools, load
and unload materials, hand shovel and/or broom, prepare and pour mastic and other fillers, assist digger operator/equipment operator in
ground excavation and restoration, landscape work and painting. Only when assisting a lineman technician, a groundman/truck driver may
assist in installing conduit, pipe, cables and equipment.

NOTE: Includes Teledata Work within ten (10) feet of High Voltage Transmission Lines. Also includes digging of holes for poles, anchors,
footer, and foundations for electrical equipment.

Below rates applicable on all overhead and underground distribution and maintenance work, and all overhead and underground transmission
line work and the installation of fiber optic cable where no other construction trades are or have been involved. (Ref #14.01.01)

Per hour: 07/01/2022 05/01/2023 05/06/2024

Lineman, Technician $ 56.00 $ 57.40 $ 58.90
Crane, Crawler Backhoe 56.00 57.40 58.90
Welder, Cable Splicer 56.00 57.40 58.90
Digging Mach. Operator 50.40 51.66 53.01
Tractor Trailer Driver 47.60 48.79 50.07
Groundman, Truck Driver 44.80 45.92 47.12
Equipment Mechanic 44.80 45.92 47.12
Flagman 33.60 34.44 35.34

Additional $1.00 per hour for entire crew when a helicopter is used.

Below rates applicable on all electrical sub-stations, switching structures, fiber optic cable and all other work not defined as "Utility outside
electrical work". (Ref #14.02.01-A)

Lineman, Technician $ 56.00 $ 57.40 $ 58.90
Crane, Crawler Backhoe 56.00 57.40 58.90
Cable Splicer 61.60 63.14 64.79
Certified Welder -
Pipe Type Cable 58.80 60.27 61.85
Digging Mach. Operator 50.40 51.66 53.01
Tractor Trailer Driver 47.60 48.79 50.07
Groundman, Truck Driver 44.80 45.92 47.12
Equipment Mechanic 44.80 45.92 47.12
Flagman 33.60 34.44 35.34

Additional $1.00 per hour for entire crew when a helicopter is used.

Below rates apply on switching structures, maintenance projects, railroad catenary install/maintenance third rail installation, bonding of rails
and pipe type cable and installation of fiber optic cable. (Ref #14.02.01-B)

Lineman, Tech, Welder $ 57.32 $ 58.72 $ 60.22
Crane, Crawler Backhoe 57.32 58.72 60.22
Cable Splicer 63.05 64.59 66.24
Certified Welder -
Pipe Type Cable 60.19 61.66 63.23
Digging Mach. Operator 51.59 52.85 54.20
Tractor Trailer Driver 48.72 49.91 51.19
Groundman, Truck Driver 45.86 46.98 48.18
Equipment Mechanic 45.86 46.98 48.18
Flagman 34.39 35.23 36.13

Additional $1.00 per hour for entire crew when a helicopter is used.

Below rates applicable on all overhead and underground transmission line work & fiber optic cable where other construction trades are or
have been involved. This applies to transmission line work only, not other construction. (Ref #14.03.01)

Lineman, Tech, Welder $ 58.51 $ 59.91 $ 61.41
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Crane, Crawler Backhoe 58.51 59.91 61.41
Cable Splicer 58.51 59.91 61.41
Digging Mach. Operator 52.66 53.92 55.27
Tractor Trailer Driver 49.73 50.92 52.20
Groundman, Truck Driver 46.81 47.93 49.13
Equipment Mechanic 46.81 47.93 49.13
Flagman 35.11 35.95 36.85

Additional $1.00 per hour for entire crew when a helicopter is used.

NOTE:  THE FOLLOWING RATES WILL APPLY ON ALL CONTRACTING AGENCY MANDATED MULTIPLE SHIFTS OF AT LEAST FIVE
(5) DAYS DURATION WORKED BETWEEN THE HOURS LISTED BELOW:

1ST SHIFT 8:00 AM to 4:30 PM  REGULAR RATE
2ND SHIFT 4:30 PM to 1:00 AM  REGULAR RATE PLUS 17.3 %
3RD SHIFT 12:30 AM to 9:00 AM REGULAR RATE PLUS 31.4 %

Four (4), ten (10) hour days may be worked at straight time during a week, Monday thru Thursday. Friday may be used as a make-up day.
Tuesday thru Friday may be worked with no make-up day.
NOTE - In order to use the '4 Day/10 Hour Work schedule', as your normal schedule, you must submit an 'Employer Registration for Use of 4
Day/10 Hour Work Schedule,' form PW30.1; and there must be a dispensation of hours in place on the project. If the PW30.1 is not
submitted you may be liable for overtime payments for work over 8 hours per day.

SUPPLEMENTAL BENEFITS
Per hour worked (but also required on non-worked holidays):

07/01/2022 05/01/2023 05/06/2024

Journeyman $ 25.90 $ 26.40 $ 26.90
*plus 7% of *plus 7% of *plus 7% of
 the hourly  the hourly  the hourly
 wage paid  wage paid  wage paid

Journeyman Lineman or $ 27.90 $ 29.40 $ 30.90
Equipment Operators *plus 7% of *plus 7% of *plus 7% of
with Crane License  the hourly  the hourly  the hourly

 wage paid  wage paid  wage paid

*The 7% is based on the hourly wage paid, straight time or premium time.

OVERTIME PAY
See (B, E, Q,) on OVERTIME PAGE. *Note* Double time for all emergency work designated by the Dept. of Jurisdiction.
NOTE: WAGE CAP - Double the straight time hourly base wage shall be the maximum hourly wage compensation for any hour worked.
Contractor is still responsible to pay the hourly benefit amount for each hour worked.

HOLIDAY
Paid See ( 5, 6, 8, 13, 25 ) on HOLIDAY PAGE plus Governor of NYS Election Day.
Overtime See ( 5, 6, 8, 13, 25 ) on HOLIDAY PAGE plus Governor of NYS Election Day.

NOTE: All paid holidays falling on Saturday shall be observed on the preceding Friday. All paid holidays falling on Sunday shall be observed
on the following Monday. Supplements for holidays paid at straight time.

REGISTERED APPRENTICES
WAGES per hour: 1000 hour terms at the following percentage of the applicable Journeyman Lineman wage.

1st 2nd 3rd 4th 5th 6th 7th
60% 65% 70% 75% 80% 85% 90%

SUPPLEMENTAL BENEFITS per hour:
07/01/2022 05/01/2023 05/06/2024

$ 25.90 $ 26.40 $ 26.90
*plus 7% of *plus 7% of *plus 7% of
 the hourly  the hourly  the hourly
 wage paid  wage paid  wage paid

*The 7% is based on the hourly wage paid, straight time or premium time.
6-1249a
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Lineman Electrician - Teledata 07/01/2022

JOB DESCRIPTION  Lineman Electrician - Teledata DISTRICT  6
ENTIRE COUNTIES
Albany, Allegany, Broome, Cattaraugus, Cayuga, Chautauqua, Chemung, Chenango, Clinton, Columbia, Cortland, Delaware, Dutchess,
Erie, Essex, Franklin, Fulton, Genesee, Greene, Hamilton, Herkimer, Jefferson, Lewis, Livingston, Madison, Monroe, Montgomery, Niagara,
Oneida, Onondaga, Ontario, Orange, Orleans, Oswego, Otsego, Putnam, Rensselaer, Rockland, Saratoga, Schenectady, Schoharie,
Schuyler, Seneca, St. Lawrence, Steuben, Sullivan, Tioga, Tompkins, Ulster, Warren, Washington, Wayne, Westchester, Wyoming, Yates

WAGES
Per hour:

For outside work, stopping at first point of attachment (demarcation).
07/01/2022 01/01/2023 01/01/2024 01/01/2025

Cable Splicer $ 36.28 $ 37.73 $ 39.24 $ 40.81
Installer, Repairman $ 34.43 $ 35.81 $ 37.24 $ 38.73
Teledata Lineman $ 34.43 $ 35.81 $ 37.24 $ 38.73
Tech., Equip. Operator $ 34.43 $ 35.81 $ 37.24 $ 38.73
Groundman $ 18.25 $ 18.98 $ 19.74 $ 20.53

NOTE: EXCLUDES Teledata work within ten (10) feet of High Voltage (600 volts and over) transmission lines. For this work please see
LINEMAN.

NOTE: THE FOLLOWING RATES WILL APPLY ON ALL CONTRACTING AGENCY MANDATED MULTIPLE SHIFTS OF AT LEAST FIVE
(5) DAYS DURATION WORKED:

1ST SHIFT REGULAR RATE
2ND SHIFT REGULAR RATE PLUS 10%
3RD SHIFT REGULAR RATE PLUS 15%

SUPPLEMENTAL BENEFITS
Per hour: 07/01/2022 01/01/2023 01/01/2024 01/01/2025

Journeyman $ 5.14 $ 5.14 $ 5.14 $ 5.14
   *plus 3% of    *plus 3% of    *plus 3% of *plus 3% of
    the hourly     the hourly     the hourly the hourly
    wage paid     wage paid     wage paid wage paid

*The 3% is based on the hourly wage paid, straight time rate or premium rate.

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE
NOTE: WAGE CAP - Double the straight time hourly base wage shall be the maximum hourly wage compensation for any hour worked.
Contractor is still responsible to pay the hourly benefit amount for each hour worked.

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 16) on HOLIDAY PAGE

6-1249LT - Teledata

Lineman Electrician - Traffic  Signal,  Lighting 07/01/2022

JOB DESCRIPTION  Lineman Electrician - Traffic  Signal,  Lighting DISTRICT  6
ENTIRE COUNTIES
Columbia, Dutchess, Orange, Putnam, Rockland, Ulster

WAGES
Lineman/Technician shall perform all overhead aerial work. A Lineman/Technician on the ground will install all electrical panels, connect all
grounds, install and connect all electrical conductors which includes, but is not limited to road loop wires; conduit and plastic or other type
pipes that carry conductors, flex cables and connectors, and to oversee the encasement or burial of such conduits or pipes.

A Groundman/Truck Driver shall:  Build and set concrete forms, handle steel mesh, set footer cages, transport concrete in a wheelbarrow,
hand or machine concrete vibrator, finish concrete footers, mix mortar, grout pole bases, cover and maintain footers while curing in cold
weather, operate jack hammer, operate hand pavement breaker, tamper, concrete and other motorized saws, as a drill helper, operate and
maintain generators, water pumps, chainsaws, sand blasting, operate mulching and seeding machine, air tools, electric tools, gas tools, load
and unload materials, hand shovel and/or broom, prepare and pour mastic and other fillers, assist digger operator/equipment operator in
ground excavation and restoration, landscape work and painting. Only when assisting a lineman technician, a groundman/truck driver may
assist in installing conduit, pipe, cables and equipment.
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A flagger's duties shall consist of traffic control only.
(Ref #14.01.02)

Per hour: 07/01/2022 05/01/2023 05/06/2024

Lineman, Technician $ 49.47 $ 50.60 $ 51.82
Crane, Crawler Backhoe 49.47 50.60 51.82
Certified Welder 51.94 53.13 54.41
Digging Machine 44.52 45.54 46.64
Tractor Trailer Driver 42.05 43.01 44.05
Groundman, Truck Driver 39.58 40.48 41.46
Equipment Mechanic 39.58 40.48 41.46
Flagman 29.68 30.36 31.09

Above rates are applicable for installation, testing, operation, maintenance and repair on all Traffic Control (Signal) and Illumination (Lighting)
projects, Traffic Monitoring Systems, and Road Weather Information Systems. Includes digging of holes for poles, anchors, footer
foundations for electrical equipment; assembly of all electrical materials or raceway; placing of fish wire; pulling of cables, wires or fiber optic
cable through such raceways; splicing of conductors; dismantling of such structures, lines or equipment.

NOTE: THE FOLLOWING RATES WILL APPLY ON ALL CONTRACTING AGENCY MANDATED MULTIPLE SHIFTS OF AT LEAST FIVE
(5) DAYS DURATION WORKED BETWEEN THE HOURS LISTED BELOW:

1ST SHIFT 8:00 AM TO 4:30 PM  REGULAR RATE
2ND SHIFT 4:30 PM TO 1:00 AM  REGULAR RATE PLUS 17.3%
3RD SHIFT 12:30 AM TO 9:00 AM REGULAR RATE PLUS 31.4%

Four (4), ten (10) hour days may be worked at straight time during a week, Monday thru Thursday. Friday may be used as a make-up day.
Tuesday thru Friday may be worked with no make-up day.
NOTE - In order to use the '4 Day/10 Hour Work schedule', as your normal schedule, you must submit an 'Employer Registration for Use of 4
Day/10 Hour Work Schedule,' form PW30.1; and there must be a dispensation of hours in place on the project. If the PW30.1 is not
submitted you may be liable for overtime payments for work over 8 hours per day.

SUPPLEMENTAL BENEFITS
Per hour worked (but also required on non-worked holidays):

07/01/2022 05/01/2023 05/06/2024

Journeyman $ 25.90 $ 26.40 $ 26.90
*plus 7% of *plus 7% of *plus 7% of
 the hourly  the hourly  the hourly
 wage paid  wage paid  wage paid

Journeyman Lineman or $ 27.90 $ 29.40 $ 30.90
Equipment Operators *plus 7% of *plus 7% of *plus 7% of
with Crane License  the hourly  the hourly  the hourly

 wage paid  wage paid  wage paid

*The 7% is based on the hourly wage paid, straight time or premium time.

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE.  *Note* Double time for all emergency work designated by the Dept. of Jurisdiction.
NOTE: WAGE CAP - Double the straight time hourly base wage shall be the maximum hourly wage compensation for any hour worked.
Contractor is still responsible to pay the hourly benefit amount for each hour worked.

HOLIDAY
Paid:           See ( 5, 6, 8, 13, 25 ) on HOLIDAY PAGE and Governor of NYS Election Day.
Overtime:    See ( 5, 6, 8, 13, 25 ) on HOLIDAY PAGE and Governor of NYS Election Day.

NOTE: All paid holidays falling on Saturday shall be observed on the preceding Friday. All paid holidays falling on Sunday shall be observed
on the following Monday. Supplements for holidays paid at straight time.

REGISTERED APPRENTICES
WAGES per hour: 1000 hour terms at the following percentage of the applicable Journeyman Lineman wage.

1st 2nd 3rd 4th 5th 6th 7th
60% 65% 70% 75% 80% 85% 90%

SUPPLEMENTAL BENEFITS per hour:
07/01/2022 05/01/2023 05/06/2024
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$ 25.90 $ 26.40 $ 26.90
*plus 7% of *plus 7% of *plus 7% of
 the hourly  the hourly  the hourly
 wage paid  wage paid  wage paid

*The 7% is based on the hourly wage paid, straight time or premium time.
6-1249aReg8LT

Lineman Electrician - Tree Trimmer 07/01/2022

JOB DESCRIPTION  Lineman Electrician - Tree Trimmer DISTRICT  6
ENTIRE COUNTIES
Albany, Allegany, Broome, Cattaraugus, Cayuga, Chautauqua, Chemung, Chenango, Clinton, Columbia, Cortland, Delaware, Dutchess,
Erie, Essex, Franklin, Fulton, Genesee, Greene, Hamilton, Herkimer, Jefferson, Lewis, Livingston, Madison, Monroe, Montgomery, Niagara,
Oneida, Onondaga, Ontario, Orange, Orleans, Oswego, Otsego, Putnam, Rensselaer, Rockland, Saratoga, Schenectady, Schoharie,
Schuyler, Seneca, St. Lawrence, Steuben, Sullivan, Tioga, Tompkins, Ulster, Warren, Washington, Wayne, Wyoming, Yates

WAGES
Applies to line clearance, tree work and right-of-way preparation on all new or existing energized overhead or underground electrical,
telephone and CATV lines.  This also would include stump removal near underground energized electrical lines, including telephone and
CATV lines.

Per hour: 07/01/2022 01/01/2023

Tree Trimmer $ 28.25 $ 29.80
Equipment Operator 24.98 26.35
Equipment Mechanic 24.98 26.35
Truck Driver 20.80 21.94
Groundman 17.13 18.07
Flag person 13.20* 13.20*

*NOTE: Subject to change due to any minimum wage increases.

SUPPLEMENTAL BENEFITS
Per hour worked (but also required on non-worked holidays):

07/01/2022 01/01/2023

Journeyman $ 10.23 $ 10.48
*plus 3% of *plus 3% of
 the hourly  the hourly
 wage paid  wage paid

* The 3% is based on the hourly wage paid, straight time rate or premium rate.

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE
NOTE: WAGE CAP - Double the straight time hourly base wage shall be the maximum hourly wage compensation for any hour worked.
Contractor is still responsible to pay the hourly benefit amount for each hour worked.

HOLIDAY
Paid: See (5, 6, 8, 15) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 15, 16, 25) on HOLIDAY PAGE
NOTE: All paid holidays falling on a Saturday shall be observed on the preceding Friday.
All paid holidays falling on a Sunday shall be observed on the following Monday.

6-1249TT

Mason - Building 07/01/2022

JOB DESCRIPTION  Mason - Building DISTRICT  11

ENTIRE COUNTIES
Putnam, Rockland, Westchester

PARTIAL COUNTIES
Orange:  Only the Township of Tuxedo.

WAGES
Per hour:

07/01/2022 06/01/2023

Bricklayer $ 44.79 $ 45.89
Cement Mason 44.79 45.89
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Plasterer/Stone Mason 44.79 45.89
Pointer/Caulker 44.79 45.89

Additional $1.00 per hour for power saw work
Additional $0.50 per hour for swing scaffold or staging work

SHIFT WORK: When shift work or an irregular work day is mandated or required by state, federal, county, local or other governmental
agency contracts, the following premiums apply:

Irregular work day requires 15% premium
Second shift an additional 15% of wage plus benefits to be paid
Third shift an additional 25% of wage plus benefits to be paid

SUPPLEMENTAL BENEFITS
Per hour:

Journeyman $ 37.00 $ 37.95

OVERTIME PAY
OVERTIME:
Cement Mason See ( B, E, Q, W ) on OVERTIME PAGE.
All Others See ( B, E, Q ) on OVERTIME PAGE.

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 16, 25) on HOLIDAY PAGE
Whenever any of the above holidays fall on Sunday, they will be observed on Monday.  Whenever any of the above holidays fall on
Saturday, they will be observed on Friday.

REGISTERED APPRENTICES
Wages per hour:

750 hour terms at the following percentage of Journeyman's wage

1st 2nd 3rd 4th 5th 6th 7th 8th
50% 55% 60% 65% 70% 75% 80% 85%

Supplemental Benefits per hour

750 hour terms at the following percentage of journeyman supplements
1st 2nd 3rd 4th 5th 6th 7th 8th
50% 55% 60% 65% 70% 75% 80% 85%

Apprentices indentured before June 1st, 2011 receive full journeyman benefits
11-5wp-b

Mason - Building 07/01/2022

JOB DESCRIPTION  Mason - Building DISTRICT  9
ENTIRE COUNTIES
Bronx, Dutchess, Kings, Nassau, New York, Orange, Putnam, Queens, Richmond, Rockland, Suffolk, Sullivan, Ulster, Westchester

WAGES
Wages: 07/01/2022

Marble Cutters & Setters $ 62.17

SUPPLEMENTAL BENEFITS
Per Hour:

Journeyworker $ 38.27

OVERTIME PAY
See (B, E, Q, V) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 11, 15, 16, 25) on HOLIDAY PAGE

REGISTERED APPRENTICES
Wage Per Hour:

750 hour terms at the following wage.
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
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1- 751- 1501- 2251- 3001- 3751- 4501- 5251- 6001- 6751-
750 1500 2250 3000 3750 4500 5250 6000 6751 7500

$ 24.88 $ 27.97 $ 31.08 $ 34.17 $ 37.29 $ 40.39 $ 43.51 $ 46.61 $ 52.82 $ 59.05

Supplemental Benefits per hour:

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

$ 20.55 $ 22.04 $ 23.52 $ 25.01 $ 26.47 $ 27.96 $ 29.42 $ 30.91 $ 33.86 $ 36.81
9-7/4

Mason - Building 07/01/2022

JOB DESCRIPTION  Mason - Building DISTRICT  9
ENTIRE COUNTIES
Dutchess, Orange, Putnam, Sullivan, Ulster

WAGES
Per hour:

07/01/2022 12/05/2022 06/05/2023

Building: Additional Additional

Tile, Marble,& Terrazzo
Mechanic/Setter $ 56.42 $ 0.64 $ 0.64

SUPPLEMENTAL BENEFITS
Per Hour:
Journeyworker: $ 22.66*

+ $7.67

* This portion of benefits subject to same premium rate as shown for overtime wages.

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE
Double time rate applies after 10 hours

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 11, 15, 16, 25) on HOLIDAY PAGE

REGISTERED APPRENTICES
Wage per hour:
(Counties of Orange & Putnam)

750 hour terms at the following wage rate:

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

1- 751- 1501- 2251- 3001- 3751- 4501- 5251- 6001- 6751-

750 1500 2250 3000 3750 4500 5250 6000 6750 7500

$21.23 $26.11 $33.26 $38.14 $41.67 $45.04 $48.60 $53.47 $56.25 $60.33

Supplemental Benefits per hour:
(Counties of Orange & Putnam)

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

$12.55* $12.55* $15.16* $15.16* $16.75* $18.30* $19.35* $19.40* $17.45* $22.80*

+$0.69 +$0.74 +$0.84 +$0.88 +$1.28 +$1.33 +$1.70 +$1.75 +$5.90 +$6.42

Wages per hour:
(Counties of Dutchess, Sullivan, Ulster)

750 hour terms at the following wage rate:
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1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

1- 751- 1501- 2251- 3001- 3751- 4501- 5251- 6001- 6751-

750 1500 2250 3000 3750 4500 5250 6000 6750 7500

$19.83 $23.92 $25.89 $29.98 $32.74 $36.32 $39.61 $42.71 $44.31 $47.73

Supplemental Benefits per hour:
(Counties of Dutchess, Sullivan, Ulster)

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

$12.55* $12.55* $14.66* $14.66* $15.60* $16.16* $16.66* $17.66* $15.66* $20.41*
+$0.65 +$0.69 +$0.74 +$0.78 +$1.15 +$1.19 +$1.53 +$1.57 +$6.09 +$6.18

* This portion of benefits subject to same premium rate as shown for overtime wages.
9-7/52B

Mason - Building 07/01/2022

JOB DESCRIPTION  Mason - Building DISTRICT  9
ENTIRE COUNTIES
Dutchess, Orange, Putnam, Sullivan, Ulster

WAGES
Per hour: 07/01/2022 12/05/2022 06/05/2023

Building Additional Additional

Tile, Marble, &
Terrazzo Finisher $ 46.38 $ 0.55 $ 0.54

SUPPLEMENTAL BENEFITS
Journeyworker:

Per Hour $ 19.76*
+ $7.54

*This portion of benefits subject to same premium rate as shown for overtime wages

OVERTIME PAY
See (A, *E, Q) on OVERTIME PAGE
Double time rate applies after 10 hours on Saturdays.

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 11, 15, 16, 25) on HOLIDAY PAGE

9-7/88B-tf

Mason - Heavy&Highway 07/01/2022

JOB DESCRIPTION  Mason - Heavy&Highway DISTRICT  11

ENTIRE COUNTIES
Putnam, Rockland, Westchester

PARTIAL COUNTIES
Orange:  Only the Township of Tuxedo.

WAGES
Per hour:

07/01/2022 06/01/2023

Bricklayer $ 45.29 $ 46.39
Cement Mason 45.29 46.39
Marble/Stone Mason 45.29 46.39
Plasterer 45.29 46.39
Pointer/Caulker 45.29 46.39
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Additional $1.00 per hour for power saw work
Additional $0.50 per hour for swing scaffold or staging work

SHIFT WORK: When shift work or an irregular work day is mandated or required by state, federal, county, local or other governmental
contracts, the following rates apply:

Irregular work day requires 15% premium
Second shift an additional 15% of wage plus benefits to be paid
Third shift an additional 25% of wage plus benefits to be paid

SUPPLEMENTAL BENEFITS
Per hour:

Journeyman $ 37.00 $ 37.95

OVERTIME PAY
Cement Mason See ( B, E, Q, W )
All Others See ( B, E, Q, )

HOLIDAY
Paid: See (5, 6, 16, 25) on HOLIDAY PAGE
Overtime: See (5, 6, 16, 25) on HOLIDAY PAGE
- Whenever any of the above holidays fall on Sunday, they will be observed on Monday.  Whenever any of the above holidays fall on
Saturday, they will be observed on Friday.
- Supplemental Benefits are not paid for paid Holiday
- If Holiday is worked, Supplemental Benefits are paid for hours worked.
- Whenever an Employee works within three (3) calendar days before a holiday, the Employee shall be paid for the Holiday.

REGISTERED APPRENTICES
Wages per hour:

750 hour terms at the following percentage of Journeyman's  wage

1st 2nd 3rd 4th 5th 6th 7th 8th
50% 55% 60% 65% 70% 75% 80% 85%

Supplemental Benefits per hour

750 hour terms at the following percentage of journeyman supplements
1st 2nd 3rd 4th 5th 6th 7th 8th
50% 55% 60% 65% 70% 75% 80% 85%

Apprentices indentured before June 1st, 2011 receive full journeyman benefits
11-5WP-H/H

Operating Engineer - Building 07/01/2022

JOB DESCRIPTION  Operating Engineer - Building DISTRICT  8
ENTIRE COUNTIES
Putnam, Westchester

PARTIAL COUNTIES
Dutchess:  All the counties of Westchester and Putnam and the southern part of Dutchess County defined by the northern boundary line of
the City of Poughkeepsie, then due east to Route 115, then north along Route 115 to Bedell Road, then east along Bedell Road to Van
Wagner Road, then north along Van Wagner Road to Bower Road, then east along Bower Road to Route 44 and along Route 44 east to
Route 343, then along Route 343 east to the northern boundary of Town of Dover Plains and east along the northern boundary of Town of
Dover Plains to the border line of the State of Connecticut and bordered on the west by the middle of the Hudson River.

WAGES
GROUP I:
Cranes (All Types up to 49 tons), Boom Trucks, Cherry Pickers (All Types), Clamshell Crane, Derrick (Stone and Steel), Dragline, Franki Pile
Rig or similar, High Lift (Lull or similar) with crane attachment and winch used for hoisting or lifting, Hydraulic Cranes, Pile Drivers, Potain
and similar.

Cranes (All types 50-99 tons), Drill Rig Casa Grande (CAT or similar), Franki Pile Rig or similar, Hydraulic Cranes (All types including
Crawler Cranes- No specific boom length).

Cranes (All types 100 tons and over), All Tower Cranes, All Climbing Cranes irrespective of manufacturer and regardless of how the same is
rigged, Franki Pile Rig or similar, Conventional Cranes (All types including Crawler Cranes-No specific boom length), Hydraulic Cranes.
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GROUP I-A: Barber Green Loader-Euclid Loader, Bulldozer, Carrier-Trailer Horse, Concrete Cleaning Decontamination Machine Operator,
Concrete-Portable Hoist, Conway or Similar Mucking Machines, Elevator & Cage, Excavators all types, Front End Loaders, Gradall, Shovel,
Backhoe, etc.(Crawler or Truck), Heavy Equipment Robotics Operator/Mechanic, Hoist Engineer-Material, Hoist Portable Mobile Unit,
Hoist(Single, Double or Triple Drum), Horizontal Directional Drill Locator, Horizontal Directional Drill Operator and Jersey Spreader,
Letourneau or Tournapull(Scrapers over 20 yards Struck), Lift Slab Console, etc., Lull HiLift or Similar, Master Environmental Maintenance
Mechanics, Mucking Machines Operator/Mechanic or Similar Type, Overhead Crane, Pavement Breaker(Air Ram), Paver(Concrete), Post
Hole Digger, Power House Plant, Road Boring Machine, Road Mix Machine, Ross Carrier and Similar Machines, Rubber tire double end
backhoes and similar machines, Scoopmobile Tractor-Shovel Over 1.5 yards, Shovel (Tunnels), Spreader (Asphalt) Telephie(Cableway),
Tractor Type Demolition Equipment, Trenching Machines-Vermeer Concrete Saw Trencher and Similar, Ultra High Pressure Waterjet Cutting
Tool System, Vacuum Blasting Machine operator/mechanic, Winch Truck  A Frame.

GROUP I-B: Compressor (Steel Erection), Mechanic (Outside All Types), Negative Air Machine (Asbestos Removal), Push Button (Buzz
Box) Elevator.

GROUP II: Compactor Self-Propelled, Concrete Pump, Crane Operator in Training (Over 100 Tons), Grader, Machines Pulling Sheep's Foot
Roller, Roller (4 ton and over), Scrapers (20 yards Struck and Under), Vibratory Rollers, Welder.

GROUP III-A: Asphalt Plant, Concrete Mixing Plants, Forklift (All power sources), Joy Drill or similar, Tractor Drilling Machine, Loader (1 1/2
yards and under), Portable Asphalt Plant, Portable Batch Plant, Portable Crusher, Skid Steer (Bobcat or similar), Stone Crusher, Well Drilling
Machine, Well Point System.

GROUP III-B: Compressor Over 125 cu. Feet, Conveyor Belt Machine regardless of size, Compressor Plant, Ladder Hoist, Stud Machine.

GROUP IV-A: Batch Plant, Concrete Breaker, Concrete Spreader, Curb Cutter Machine, Finishing Machine-Concrete, Fine Grading
Machine, Hepa Vac Clean Air Machine, Material Hopper(sand, stone, cement), Mulching Grass Spreader, Pump Gypsum etc, Pump-Plaster-
Grout-Fireproofing. Roller(Under 4 Ton),Spreading and Fine Grading Machine, Steel Cutting Machine, Siphon Pump, Tar Joint Machine,
Television Cameras for Water, Sewer, Gas etc. Turbo Jet Burner or Similar Equipment, Vibrator (1 to 5).

GROUP IV-B: Compressor (all types), Heater (All Types), Fire Watchman, Lighting Unit (Portable & Generator) Pump, Pump Station(Water,
Sewer, Portable, Temporary), Welding Machine (Steel Erection & Excavation).

GROUP V: Mechanics Helper, Motorized Roller (walk behind), Stock Attendant, Welder's Helper, Maintenance Engineer Crane(75 ton and
over).

Group VI-A: Welder Certified
GROUP VI-B: Utility Man, Warehouse Man.

WAGES: (per hour)
07/01/2022 03/06/2023 03/04/2024

GROUP  I
Cranes- up to 49 tons $ 65.03 $ 66.23 $ 67.43
Cranes- 50 tons to 99 tons 67.28 68.53 69.77
Cranes- 100 tons and over 76.77 78.21 79.64
GROUP  I-A 56.97 58.01 59.04
GROUP  I-B 52.52 53.48 54.41
GROUP  II 54.98 55.98 56.97
GROUP  III-A 52.97 53.94 54.88
GROUP  III-B 50.44 51.35 52.25
GROUP  IV-A 52.44 53.40 54.33
GROUP  IV-B 44.38 45.17 45.94
GROUP  V 47.83 48.69 49.53
Group  VI-A 55.93 56.96 57.96
GROUP  VI-B
Utility Man 45.39 46.21 47.00
Warehouse Man 47.57 48.52 49.26

An additional 20% to wage when required to wear protective equipment on hazardous/toxic waste projects.
Engineers operating cranes with booms 100 feet but less than 149 feet in length will be paid an additional $2.00 per hour.
Engineers operating cranes with booms 149 feet or over in length will be paid an additional $3.00 per hour.
Loader operators over 5 cubic yard capacity additional .50 per hour.
Shovel operators over 4 cubic yard capacity additional $1.00 per hour.

SUPPLEMENTAL BENEFITS
Per hour:

Journeyworker $ 29.87 $ 30.57 $ 31.32

OVERTIME PAY
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See (B, E, Q, V) on OVERTIME PAGE

HOLIDAY
Paid: See (5, 6, 8, 15, 25, 26) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 15, 25, 26) on HOLIDAY PAGE

8-137B

Operating Engineer - Building 07/01/2022

JOB DESCRIPTION  Operating Engineer - Building DISTRICT  9
ENTIRE COUNTIES
Bronx, Kings, New York, Putnam, Queens, Richmond, Westchester

PARTIAL COUNTIES
Dutchess:  that part of Dutchess County lying south of the North City Line of the City of Poughkeepsie.

WAGES
NOTE: Construction surveying
Party Chief--One who directs a survey party
Instrument Man--One who runs the instrument and assists Party Chief.
Rodman--One who holds the rod and assists the Survey Crew

Wages:(Per Hour) 07/01/2022

Building Construction:

Party Chief $ 76.64
Instrument Man 60.50
Rodman 40.64

Steel Erection:

Party Chief 79.41
Instrument Man 62.85

Rodman 43.48

Heavy Construction-NYC counties only:
(Foundation, Excavation.)

Party Chief 84.60
Instrument man 63.79
Rodman 54.52

SUPPLEMENTAL BENEFITS
Per Hour: 07/01/2022

Building Construction $ 26.69* +$ 7.40

Steel Erection 27.29* +$ 7.40

Heavy Construction 25.25* +$ 7.15

* This portion subject to same premium as wages

Non-Worked Holiday Supplemental Benefit:
16.45

OVERTIME PAY
See (A, B, E, Q) on OVERTIME PAGE
Code "A" applies to Building Construction and has double the rate after 7 hours on Saturdays.
Code "B" applies to Heavy Construction and Steel Erection and had double the rate after 8 hours on Saturdays.

HOLIDAY
Paid: See (5, 6, 9, 11, 15, 16, 25) on HOLIDAY PAGE
Overtime: See (5, 6, 9, 11, 15, 16, 25) on HOLIDAY PAGE

9-15Db

Operating Engineer - Heavy&Highway 07/01/2022

JOB DESCRIPTION  Operating Engineer - Heavy&Highway DISTRICT  8
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ENTIRE COUNTIES
Putnam, Westchester

PARTIAL COUNTIES
Dutchess:  All the counties of Westchester and Putnam and the southern part of Dutchess County defined by the northern boundary line of
the City of Poughkeepsie, then due east to Route 115, then north along Route 115 to Bedell Road, then east along Bedell Road to Van
Wagner Road, then north along Van Wagner Road to Bower Road, then east along Bower Road to Route 44 and along Route 44 east to
Route 343, then along Route 343 east to the northern boundary of Town of Dover Plains and east along the northern boundary of Town of
Dover Plains to the border line of the State of Connecticut and bordered on the west by the middle of the Hudson River.

WAGES
GROUP I: Boom Truck, Cherry Picker, Clamshell, Crane, (Crawler, Truck),
Dragline, Drill Rig (Casa Grande, Cat, or Similar), Floating Crane (Crane on Barges) under 100 tons, Gin Pole, Hoist Engineer-Concrete
(Crane-Derrick-Mine Hoist), Knuckle Boom Crane, Rough Terrain Crane.

GROUP I-A: Auger (Truck or Truck Mounted), Boat Captain, Bulldozer-All Sizes, Central Mix Plant Operator, Chipper (all types), Close
Circuit T.V., Combination Loader/Backhoe, Compactor with Blade, Concrete Finishing Machine, Gradall, Grader (Motor Grader), Elevator &
Cage (Materials or Passenger), Excavator (and all attachments), Front End Loaders (1 1/2 yards and over), High Lift Lull and similar, Hoist
(Single, Double, Triple Drum), Hoist Portable Mobile Unit, Hoist Engineer (Material), Jack and Bore Machine, Log Skidders, Mill Machines,
Mucking Machines, Overhead Crane, Paver (concrete), Post Pounder (of any type), Push Cats, Road Reclaimer, Robot Hammer (Brokk or
similar), Robotic Equipment (Scope of Engineer Schedule), Ross Carrier and similar, Scrapers (20 yard struck and over), Side Boom, Slip
Form Machine, Spreader (Asphalt), Trenching Machines (Telephies-Vermeer Concrete Saw), Tractor Type Demolition Equipment, Vacuum
Truck. Vibratory Roller(Riding) or Roller used in mainline paving operations.

GROUP I-B: Asphalt Mobile Conveyor/Transfer Machine, Road Paver (Asphalt).

GROUP II-A: Ballast Regulators, Compactor Self Propelled, Fusion Machine, Rail Anchor Machines, Roller (4 ton and over), Scrapers (20
yard struck and under).

GROUP II-B: Mechanic (Outside) All Types, Shop Mechanic.

GROUP III: Air Tractor Drill, Asphalt Plant, Batch Plant, Boiler (High Pressure), Concrete Breaker (Track or Rubber Tire), Concrete Pump,
Concrete Spreader, Excavator Drill, Farm Tractor, Forklift (all types), Gas Tapping (Live), Hydroseeder, Loader (1 1/2 yards and under),
Locomotive (all sizes), Machine Pulling Sheeps Foot Roller, Portable Asphalt Plant, Portable Batch Plant, Portable Crusher (Apprentice),
Powerhouse Plant, Roller (under 4 ton), Sheer Excavator, Skid Steer/Bobcat, Stone Crusher, Sweeper (with seat), Well Drilling Machine.

GROUP IV: Service Person (Grease Truck), Deckhand.

GROUP IV-B: Conveyor Belt Machine (Truck Mounted), Heater (all types), Lighting Unit (Portable), Maintenance Engineer (For Crane Only),
Mechanics Helper, Pump (Fireproofing), Pumps-Pump Station/Water/Sewer/Gypsum/Plaster, etc., Pump Truck (Sewer Jet or Similar),
Welders Helper, Welding Machine (Steel Erection), Well Point System.

GROUP V: All Tower Cranes-All Climbing Cranes and all cranes of 100-ton capacity or greater (3900 Manitowac or similar) irrespective of
manufacturer and regardless of how the same is rigged, Hoist Engineer (Steel), Engineer-Pile Driver, Jersey Spreader, Pavement
Breaker/Post Hole Digger.

WAGES: Per hour: 07/01/2022 03/06/2023 03/04/2024

 Group I $ 65.97 $ 67.27 $ 68.63
 Group I-A 58.16 59.26 60.42
 Group I-B 61.28 62.46 63.70
 Group II-A 55.70 56.74 57.84
 Group II-B 57.44 58.52 59.67
 Group III 54.72 55.74 56.81
 Group IV 49.74 50.63 51.57
 Group IV-B 42.71 43.43 44.19
 Group V
  Engineer All Tower, Climbing and
  Cranes of 100 Tons 74.73 76.24 77.82
  Hoist Engineer(Steel) 67.67 69.01 70.41
  Engineer(Pile Driver) 72.16 73.61 75.13
  Jersey Spreader, Pavement Breaker (Air
  Ram)Post Hole Digger 56.99 58.06 59.19

SHIFT DIFFERENTIAL:
A 15% premium on all hours paid, including overtime hours for 2nd, 3rd shifts
on all government mandated off-shift work
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Engineers operating cranes with booms 100 feet but less than 149 feet in length will be paid an additional $2.00 per hour over the rate listed
in the Wage Schedule. Engineers operating cranes with booms 149 feet or over in length will be paid an additional $3.00 per hour over the
rate listed in the Wage Schedule. Loader and Excavator Operators: over 5 cubic yards capacity $0.50 per hour over the rate listed in the
Wage Schedule. Shovel Operators: over 4 cubic yards capacity $1.00 per hour over the rate listed in the Wage Schedule.

Four (4), ten (10) hour days may be worked at straight time during a week, Monday thru Thursday; Friday may be used as a make-up day.

NOTE - In order to use the 4 Day/10 Hour Work schedule Registration for Use of 4 Day/10 Hour Work Schedule, form PW30.1; and there
must be a dispensation of hours in place on the project. If the PW30.1 is not submitted you may be liable for overtime payments for work
over 8 hours per day.

SUPPLEMENTAL BENEFITS
Per hour:

Journeyworker: $ 32.60 up $ 33.75 up $ 34.85 up
to 40 Hours to 40 hours to 40 hours

After 40 hours After 40 hours After 40 hours
$ 23.40* PLUS $ 24.50* PLUS $ 25.55* PLUS
$ 1.20 on all $ 1.25 on all $ 1.25 on all
hours worked hours worked hours worked

*This amount is subject to premium

OVERTIME PAY
See (B, E, P, *R, **U) on OVERTIME PAGE

HOLIDAY
Paid:........ See ( 5, 6, 8, 15, 25, 26 ) on HOLIDAY PAGE
Overtime..... See ( 5, 6, 8, 15, 25, 26 ) on OVERTIME PAGE

*  For Holiday codes 8,15,25,26 code R applies
** For Holiday Codes 5 & 6 code U applies

Note: If employees are required to work on Easter Sunday they shall be paid at the rate of triple time.

REGISTERED APPRENTICES
(1)year terms at the following rate.

1st term $ 29.08 $ 29.63 $ 30.21
2nd term 34.90 35.56 36.25
3rd term 40.71 41.48 42.30
4th term 46.53 47.41 48.34
Supplemental Benefits per hour:

24.55 25.70 26.85
8-137HH

Operating Engineer - Heavy&Highway 07/01/2022

JOB DESCRIPTION  Operating Engineer - Heavy&Highway DISTRICT  9
ENTIRE COUNTIES
Putnam, Westchester

PARTIAL COUNTIES
Dutchess:  South of the North city line of Poughkeepsie

WAGES
Party Chief - One who directs a survey party
Instrument Man - One who runs the instrument and assists Party Chief
Rodman - One who holds the rod and in general, assists the Survey Crew
Categories cover GPS & Underground Surveying

Per Hour: 07/01/2022

Party Chief $ 81.72
Instrument Man 61.43
Rodman 52.40

SUPPLEMENTAL BENEFITS
Per Hour: 07/01/2022
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All Categories
Straight Time: $ 25.25* plus $7.15

Premium:
Time & 1/2 $ 37.88* plus $7.15

Double Time $ 50.50* plus $7.15

Non-Worked Holiday Supplemental Benefits:
$ 16.45

OVERTIME PAY
See (B, *E, Q) on OVERTIME PAGE
* Doubletime paid on all hours in excess of 8 hours on Saturday

HOLIDAY
Paid: See (5, 6, 7, 11, 12) on HOLIDAY PAGE
Overtime: See (5, 6, 7, 11, 12) on HOLIDAY PAGE

9-15Dh

Operating Engineer - Heavy&Highway - Tunnel 07/01/2022

JOB DESCRIPTION  Operating Engineer - Heavy&Highway - Tunnel DISTRICT  8
ENTIRE COUNTIES
Putnam, Westchester

PARTIAL COUNTIES
Dutchess:  All the counties of Westchester and Putnam and the southern part of Dutchess County defined by the northern boundary line of
the City of Poughkeepsie, then due east to Route 115, then north along Route 115 to Bedell Road, then east along Bedell Road to Van
Wagner Road, then north along Van Wagner Road to Bower Road, then east along Bower Road to Route 44 and along Route 44 east to
Route 343, then along Route 343 east to the northern boundary of Town of Dover Plains and east along the northern boundary of Town of
Dover Plains to the border line of the State of Connecticut and bordered on the west by the middle of the Hudson River.

WAGES
GROUP I:    Boom Truck, Cherry Picker, Clamshell, Crane(Crawler, Truck), Dragline, Drill Rig Casa Grande(Cat or Similar), Floating
Crane(Crane on Barge-Under 100 Tons), Hoist Engineer(Concrete/Crane-Derrick-Mine Hoist), Knuckle Boom Crane, Rough Terrain Crane.

GROUP I-A:  Auger(Truck or Truck Mounted), Boat Captain, Bull Dozer-all sizes, Central Mix Plant Operator, Chipper-all types, Close Circuit
T.V., Combination Loader/Backhoe, Compactor with Blade, Concrete Finishing Machine, Gradall, Grader(Motor Grader), Elevator &
Cage(Materials or Passengers), Excavator(and all attachments), Front End Loaders(1 1/2 yards and over), High Lift Lull, Hoist(Single,
Double, Triple Drum), Hoist Portable Mobile Unit, Hoist Engineer(Material), Jack and Bore Machine, Log Skidder, Milling Machine, Moveable
Concrete Barrier Transfer & Transport Vehicle, Mucking Machines. Overhead Crane, Paver(Concrete), Post Pounder of any type, Push Cats,
Road Reclaimer, Robot Hammer(Brokk or similar), Robotic Equipment(Scope of Engineer Schedule), Ross Carrier and similar machines,
Scrapers(20 yards struck and over), Side Boom, Slip Form Machine, Spreader(Asphalt), Trenching Machines, Telephies-Vermeer Concrete
Saw, Tractor type demolition equipment, Vacuum Truck, Vibratory Roller (Riding) used in mainline paving operations.

GROUP I-B:  Asphalt Mobile Conveyor/Transfer Machine, Road Paver(Asphalt).

GROUP II-A: Ballast Regulators, Compactor(Self-propelled), Fusion Machine, Rail Anchor Machines, Roller(4 ton and over), Scrapers(20
yard struck and under).

GROUP II-B: Mechanic(outside)all types, Shop Mechanic.

GROUP III:  Air Tractor Drill, Asphalt Plant, Batch Plant, Boiler(High Pressure), Concrete Breaker(Track or Rubber Tire), Concrete Pump,
Concrete Spreader, Excavator Drill, Farm Tractor, Forklift(all types of power), Gas Tapping(Live), Hydroseeder, Loader(1 1/2 yards and
under), Locomotive(all sizes), Machine Pulling Sheeps Foot Roller, Portable Asphalt Plant, Portable Batch Plant, Portable
Crusher(Apprentice), Powerhouse Plant, Roller(under 4 ton), Sheer Excavator, Skidsteer/Bobcat, Stone Crusher, Sweeper(with seat), Well
Drilling Machine.

GROUP IV-A: Service Person(Grease Truck), Deckhand.

GROUP IV-B: Conveyor Belt Machine(Truck Mounted), Heater(all types), Lighting Unit(Portable), Maintenance Engineer(for Crane only),
Mechanics Helper, Pump(Fireproofing), Pumps-Pump Station/Water/Sewer/Gypsum/Plaster, etc., Pump Truck(Sewer Jet or similar),
Welding Machine(Steel Erection), Welders Helper.

GROUP V-A: Engineer(all Tower Cranes, all Climbing Cranes & all Cranes of 100 ton capacity or greater),Hoist Engineer(Steel-Sub
Structure), Engineer-Pile Driver, Jersey-Spreader, Pavement breaker, Post Hole Digger

WAGES: (per hour)
07/01/2022 03/06/2023 03/04/2024
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GROUP I $ 65.97 $ 67.27 $ 68.63
GROUP I-A 58.16 59.26 60.42
GROUP I-B 61.28 62.46 63.70
GROUP II-A 55.70 56.74 57.84
GROUP II-B 57.44 58.52 59.67
GROUP III 54.72 55.74 56.81
GROUP IV-A 49.74 50.63 51.57
GROUP IV-B 42.71 43.43 44.19
GROUP V-A
 Engineer-Cranes 74.73 76.24 77.82
 Engineer-Pile Driver 72.16 73.61 75.13
 Hoist Engineer 67.67 69.01 70.41
 Jersey Spreader/Post
 Hole Digger 56.99 58.06 59.19

SHIFT DIFFERENTIAL:
A 15% premium on all hours paid, including overtime hours for 2nd, 3rd shifts
on all government mandated off-shift work

 An additional 20% to wage when required to wear protective equipment on hazardous/toxic waste projects. Operators required to use two
buckets pouring concrete on other than road pavement shall receive $0.50 per hour over scale. Engineers operating cranes with booms 100
feet but less than 149 feet in length will be paid an additional $2.00 per hour. Engineers operating cranes with booms 149 feet or over in
length will be paid an additional $3.00 per hour. Operators of shovels with a capacity over (4) cubic yards shall be paid an additional $1.00
per hour. Operators of loaders with a capacity over (5) cubic yards shall be paid an additional $0.50 per hour.

SUPPLEMENTAL BENEFITS
Per hour:
Journeyworker:

$ 32.60 up to $ 33.75 up to $ 34.85 up to
40 hours 40 hours 40 hours
After 40 hours After 40 hours After 40 hours
$23.40 plus $24.50 plus $25.55 plus
$1.20 on all $1.25 on all $1.25 on all
hours worked hours worked hours worked

OVERTIME PAY
See (D, O, *U, V) on OVERTIME PAGE

HOLIDAY
Paid: See (5, 6, 8, 15, 25, 26) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 15, 25, 26) on HOLIDAY PAGE
 *  Note: For Holiday codes 5 & 6, code U applies. For Holiday codes 8, 15, 25, 26, code R applies.
Note: If employees are required to work on Easter Sunday, they shall be paid at the rate of triple time.

REGISTERED APPRENTICES
(1)year terms at the following rates:

1st term $ 29.08 $ 29.63 $ 30.21
2nd term 34.90 35.56 36.25
3rd term 40.71 41.48 42.30
4th term 46.53 47.41 48.34

Supplemental Benefits per hour:

All terms $ 24.55 $ 25.70 $ 26.85
8-137Tun

Operating Engineer - Marine Dredging 07/01/2022

JOB DESCRIPTION  Operating Engineer - Marine Dredging DISTRICT  4
ENTIRE COUNTIES
Albany, Bronx, Cayuga, Clinton, Columbia, Dutchess, Essex, Franklin, Greene, Jefferson, Kings, Monroe, Nassau, New York, Orange,
Oswego, Putnam, Queens, Rensselaer, Richmond, Rockland, St. Lawrence, Suffolk, Ulster, Washington, Wayne, Westchester

WAGES
These wages do not apply to Operating Engineers on land based construction projects. For those projects, please see the Operating
Engineer Heavy/Highway Rates. The wage rates below for all equipment and operators are only for marine dredging work in navigable
waters found in the counties listed above.

Per Hour: 07/01/2022 10/01/2022
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CLASS A1 $ 42.66 $ 43.94
Deck Captain, Leverman
Mechanical Dredge Operator
Licensed Tug Operator 1000HP or more.

CLASS A2 38.02 39.16
Crane Operator (360 swing)

CLASS B To conform to Operating Engineer
Dozer, Front Loader Prevailing Wage in locality where work
Operator on Land is being performed including benefits.

CLASS B1 36.89 38.00
Derrick Operator (180 swing)
Spider/Spill Barge Operator
Operator II, Fill Placer,
Engineer, Chief Mate, Electrician,
Chief Welder, Maintenance Engineer
Licensed Boat, Crew Boat Operator

CLASS B2 34.73 35.77
Certified Welder

CLASS C1 33.78 34.79
Drag Barge Operator,
Steward, Mate,
Assistant Fill Placer

CLASS C2 32.69 33.67
Boat Operator

CLASS D 27.16 27.97
Shoreman, Deckhand, Oiler,
Rodman, Scowman, Cook,
Messman, Porter/Janitor

SUPPLEMENTAL BENEFITS
Per Hour:
THE FOLLOWING SUPPLEMENTAL BENEFITS APPLY TO ALL CATEGORIES

All Classes A & B $ 11.40 plus 6% $ 11.85 plus 6%
of straight time of straight time
wage, Overtime hours wage, Overtime hours
add $ 0.63 add $ 0.63

All Class C $ 11.10 plus 6% $ 11.60 plus 6%
of straight time of straight time
wage, Overtime hours wage, Overtime hours
add $ 0.48 add $ 0.50

All Class D $ 10.80 plus 6% $ 11.35 plus 6%
of straight time of straight time
wage, Overtime hours wage, Overtime hours
add $ 0.33 add $ 0.38

OVERTIME PAY
See (B2, F, R) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 15, 26) on HOLIDAY PAGE

4-25a-MarDredge

Operating Engineer - Survey Crew - Consulting Engineer 07/01/2022

JOB DESCRIPTION  Operating Engineer - Survey Crew - Consulting Engineer DISTRICT  9
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ENTIRE COUNTIES
Bronx, Kings, Nassau, New York, Putnam, Queens, Richmond, Suffolk, Westchester

PARTIAL COUNTIES
Dutchess:  That part in Duchess County lying South of the North City line of Poughkeepsie.

WAGES
Feasibility and preliminary design surveying, any line and grade surveying for inspection or supervision of construction.

Per hour: 07/01/2022
Survey Classifications

Party Chief $ 46.44
Instrument Man 38.60
Rodman 33.64

SUPPLEMENTAL BENEFITS
Per Hour:

All Crew Members: $ 21.60

OVERTIME PAY
OVERTIME:.... See ( B, E*, Q, V ) ON OVERTIME PAGE.
              *Doubletime paid on the 9th hour on Saturday.

HOLIDAY
Paid: See (5, 6, 7, 11, 16) on HOLIDAY PAGE
Overtime: See (5, 6, 7, 11, 16) on HOLIDAY PAGE

9-15dconsult

Painter 07/01/2022

JOB DESCRIPTION  Painter DISTRICT  8
ENTIRE COUNTIES
Bronx, Kings, Nassau, New York, Putnam, Queens, Richmond, Suffolk, Westchester

WAGES
Per hour: 07/01/2022

Brush $ 51.45*

Abatement/Removal of lead based 51.45*
or lead containing paint on
materials to be repainted.

Spray & Scaffold $ 54.45*
Fire Escape 54.45*
Decorator 54.45*
Paperhanger/Wall Coverer 53.83*

*Subtract $ 0.10 to calculate premium rate.

SUPPLEMENTAL BENEFITS
Per hour:

Paperhanger $ 33.15
All others 30.88
Premium 37.72**

**Applies only to "All others" category, not paperhanger journeyworker.

OVERTIME PAY
See (A, H) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 16, 25) on HOLIDAY PAGE

REGISTERED APPRENTICES
One ( 1 ) year terms at the following wage rate.

Per hour: 07/01/2022
Appr 1st term... $ 19.95*
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Appr 2nd term... 25.56*
Appr 3rd term... 31.00*
Appr 4th term... 41.52*

*Subtract $ 0.10 to calculate premium rate.

Supplemental benefits:
Per Hour:
Appr 1st term... $ 15.22
Appr 2nd term... 18.90
Appr 3rd term... 21.81
Appr 4th term... 27.58

8-NYDC9-B/S

Painter 07/01/2022

JOB DESCRIPTION  Painter DISTRICT  8
ENTIRE COUNTIES
Putnam, Suffolk, Westchester

PARTIAL COUNTIES
Nassau:  All of Nassau except the areas described below: Atlantic Beach, Ceaderhurst, East Rockaway, Gibson, Hewlett, Hewlett Bay,
Hewlett Neck, Hewlett Park, Inwood, Lawrence, Lido Beach, Long Beach, parts of Lynbrook, parts of Oceanside, parts of Valley Stream, and
Woodmere. Starting on the South side of Sunrise Hwy in Valley Stream running east to Windsor and Rockaway Ave., Rockville Centre is the
boundary line up to Lawson Blvd. turn right going west all the above territory. Starting at Union Turnpike and Lakeville Rd. going north to
Northern Blvd. the west side of Lakeville road to Northern blvd. At Northern blvd. going east the district north of Northern blvd. to Port
Washington Blvd. West of Port Washington blvd.to St.Francis Hospital then north of first traffic light to Port Washington and Sands Point,
Manor  HAven, Harbour Acres.

WAGES
Per hour: 07/01/2022
Drywall Taper $ 51.45*

*Subtract $ 0.10 to calculate premium rate.

SUPPLEMENTAL BENEFITS
Per hour:
Journeyman $ 30.88

OVERTIME PAY
See (A, H) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 16, 25) on HOLIDAY PAGE

REGISTERED APPRENTICES
Wages - Per Hour:

1500 hour terms at the following wage rate:

1st term $ 19.95*
2nd term 25.56*
3rd term 31.00*
4th term 41.52*

*Subtract $ 0.10 to calculate premium rate.

Supplemental Benefits - Per hour:
One year term (1500 hours) at the following dollar amount.

1st year $ 15.22
2nd year 18.90
3rd year 21.81
4th year 27.58

8-NYDCT9-DWT

Painter - Bridge & Structural Steel 07/01/2022

JOB DESCRIPTION  Painter - Bridge & Structural Steel DISTRICT  8
ENTIRE COUNTIES
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Albany, Bronx, Clinton, Columbia, Dutchess, Essex, Franklin, Fulton, Greene, Hamilton, Kings, Montgomery, Nassau, New York, Orange,
Putnam, Queens, Rensselaer, Richmond, Rockland, Saratoga, Schenectady, Schoharie, Suffolk, Sullivan, Ulster, Warren, Washington,
Westchester

WAGES
Per Hour:
STEEL:
Bridge Painting: 07/01/2022 10/01/2022

$ 53.00 Additional
+ 9.63* $ 3.00

ADDITIONAL $6.00 per hour for POWER TOOL/SPRAY, whether straight time or overtime.

NOTE: All premium wages are to be calculated on base rate per hour only.

* For the period of May 1st to November 15th, this amount is payable up to 40 hours. For the period of Nov 16th to April 30th, this amount is
payable up to 50 hours. EXCEPTION: First and last week of employment, and for the weeks of Memorial Day, Independence Day and Labor
Day, where the amount is paid for the actual number of hours worked (no cap).

NOTE: Generally, for Bridge Painting Contracts, ALL WORKERS on and off the bridge (including Flagmen) are to be paid Painter's Rate; the
contract must be ONLY for Bridge Painting.

SHIFT WORK:

When directly specified in public agency or authority contract documents for an employer to work a second shift and works the second shift
with employees other than from the first shift, all employees who work the second shift will be paid 10% of the base wage shift differential in
lieu of overtime for the first eight (8) hours worked after which the employees shall be paid at time and one half of the regular wage rate.
When a single irregular work shift is mandated in the job specifications or by the contracting agency, wages shall be paid at time and one
half for single shifts between the hours of 3pm-11pm or 11pm-7am.

SUPPLEMENTAL BENEFITS
Per Hour:
Journeyworker:

$ 10.90
+ 30.60*

* For the period of May 1st to November 15th, this amount is payable up to 40 hours. For the period of Nov 16th to April 30th, this amount is
payable up to 50 hours. EXCEPTION: First and last week of employment, and for the weeks of Memorial Day, Independence Day and Labor
Day, where the amount is paid for the actual number of hours worked (no cap).

OVERTIME PAY
See (B, F, R) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (4, 6) on HOLIDAY PAGE

REGISTERED APPRENTICES
Wage - Per hour:
Apprentices: (1) year terms

1st year $ 21.20
+ 3.86

2nd year $ 31.80
+ 5.78

3rd year $ 42.40
+ 7.70

Supplemental Benefits - Per hour:

1st year $ .25
+ 12.24

2nd year $ 10.90
+ 18.36

3rd year $ 10.90
+ 24.48
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NOTE: All premium wages are to be calculated on base rate per hour only.
8-DC-9/806/155-BrSS

Painter - Line Striping 07/01/2022

JOB DESCRIPTION  Painter - Line Striping DISTRICT  8
ENTIRE COUNTIES
Albany, Clinton, Columbia, Dutchess, Essex, Franklin, Fulton, Greene, Hamilton, Montgomery, Nassau, Orange, Putnam, Rensselaer,
Rockland, Saratoga, Schenectady, Schoharie, Suffolk, Sullivan, Ulster, Warren, Washington, Westchester

WAGES
Per hour:

Painter (Striping-Highway): 07/01/2022
Striping-Machine Operator* $ 31.53

Linerman Thermoplastic 38.34

Note: * Includes but is not limited to: Positioning of cones and directing of traffic using hand held devices. Excludes the Driver/Operator of
equipment used in the maintenance and protection of traffic safety.

Four (4), ten (10) hour days may be worked at straight time during a week, Monday thru Thursday.  Friday may be used as a make-up day.

NOTE - In order to use the '4 Day/10 Hour Work Schedule,' as your normal schedule, you must submit an 'Employer Registration for Use of
4 Day/10 Hour Work Schedule,' form PW30.1; and there must be a dispensation of hours in place on the project. If the PW30.1 is not
submitted you may be liable for overtime payments for work over 8 hours per day.

SUPPLEMENTAL BENEFITS
Per hour paid:
Journeyworker:
Striping Machine Operator: $ 10.03
Linerman Thermoplastic: 10.03

OVERTIME PAY
See (B, B2, E2, F, S) on OVERTIME PAGE

HOLIDAY
Paid: See (5, 20) on HOLIDAY PAGE
Overtime: See (5, 20) on HOLIDAY PAGE

REGISTERED APPRENTICES
One (1) year terms at the following wage rates:

1st Term*: $ 15.00
1st Term**: 15.00
1st Term***: 15.00
2nd Term: 18.92
3rd Term: 25.22

*Bronx, Kings, New York, Queens, Richmond, and Suffolk counties
**Nassau and Westchester counties
***All other counties

Supplemental Benefits per hour:

1st term: $ 9.16
2nd Term: 10.03
3rd Term: 10.03

8-1456-LS

Painter - Metal Polisher 07/01/2022

JOB DESCRIPTION  Painter - Metal Polisher DISTRICT  8
ENTIRE COUNTIES
Albany, Allegany, Bronx, Broome, Cattaraugus, Cayuga, Chautauqua, Chemung, Chenango, Clinton, Columbia, Cortland, Delaware,
Dutchess, Erie, Essex, Franklin, Fulton, Genesee, Greene, Hamilton, Herkimer, Jefferson, Kings, Lewis, Livingston, Madison, Monroe,
Montgomery, Nassau, New York, Niagara, Oneida, Onondaga, Ontario, Orange, Orleans, Oswego, Otsego, Putnam, Queens, Rensselaer,
Richmond, Rockland, Saratoga, Schenectady, Schoharie, Schuyler, Seneca, St. Lawrence, Steuben, Suffolk, Sullivan, Tioga, Tompkins,
Ulster, Warren, Washington, Wayne, Westchester, Wyoming, Yates

WAGES
07/01/2022

Page 36

Prevailing Wage Rates for 07/01/2022 - 06/30/2023 Published by the New York State Department of Labor
Last Published on Jul 01 2022 Putnam County



Metal Polisher $ 37.78
Metal Polisher* 38.80
Metal Polisher** 41.78

*Note: Applies on New Construction & complete renovation
** Note: Applies when working on scaffolds over 34 feet.

SUPPLEMENTAL BENEFITS
Per Hour: 07/01/2022

Journeyworker:
All classification $ 11.24

OVERTIME PAY
See (B, E, P, T) on OVERTIME PAGE

HOLIDAY
Paid: See (5, 6, 11, 15, 16, 25, 26) on HOLIDAY PAGE
Overtime: See (5, 6, 9, 11, 15, 16, 25, 26) on HOLIDAY PAGE

REGISTERED APPRENTICES
Wages per hour:
One (1) year term at the following wage rates:

07/01/2022

1st year $ 16.00
2nd year   17.00
3rd year   18.00

1st year* $ 16.39
2nd year*   17.44
3rd year*   18.54

1st year** $ 18.50
2nd year**   19.50
3rd year**   20.50

*Note: Applies on New Construction & complete renovation
** Note: Applies when working on scaffolds over 34 feet.

Supplemental benefits:
Per hour:

1st year $ 7.99
2nd year   7.99
3rd year   7.99

8-8A/28A-MP

Plumber 07/01/2022

JOB DESCRIPTION  Plumber DISTRICT  8
ENTIRE COUNTIES
Putnam, Westchester

WAGES
Per hour:

07/01/2022
Plumber and
Steamfitter $ 60.21

SHIFT WORK:
When directly specified in public agency or authority contract documents, shift work outside the regular hours of work shall be comprised of
eight (8) hours per shift not including Saturday, Sundays and holidays. One half (1/2) hour shall be allowed for lunch after the first four (4)
hours of each shift. Wage and Fringes for shift work shall be straight time plus a shift premium of twenty-five (25%) percent. A minimum of
five days Monday through Friday must be worked to establish shift work.

SUPPLEMENTAL BENEFITS
Per hour:

Journeyworker $ 40.01
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OVERTIME PAY
See (B, E, E2, Q, V) on OVERTIME PAGE
OVERTIME:... See  on OVERTIME PAGE.

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 16, 25) on HOLIDAY PAGE

REGISTERED APPRENTICES
(1)year terms at the following wages:

1st Term $ 22.36
2nd Term 25.66
3rd Term 29.63
4th Term 42.28
5th Term 45.36

Supplemental Benefits per hour:
1st term $ 16.54
2nd term 18.46
3rd term 21.96
4th term 28.95
5th term 30.68

8-21.1-ST

Plumber - HVAC / Service 07/01/2022

JOB DESCRIPTION  Plumber - HVAC / Service DISTRICT  8
ENTIRE COUNTIES
Dutchess, Putnam, Westchester

PARTIAL COUNTIES
Delaware:  Only the townships of Middletown and Roxbury
Ulster:  Entire County(including Wallkill and Shawangunk Prisons) except for remainder of Town of Shawangunk and Towns of Plattekill,
Marlboro, and Wawarsing.

WAGES
Per hour: 07/01/2022

HVAC Service $ 41.68
+ $ 4.32*

*Note: This portion of wage is not subject to overtime premium.

SUPPLEMENTAL BENEFITS
Per hour:

Journeyworker HVAC Service
$ 27.79

OVERTIME PAY
See (B, F, R) on OVERTIME PAGE

HOLIDAY
Paid: See (5, 6, 16, 25) on HOLIDAY PAGE
Overtime: See (5, 6, 16, 25) on HOLIDAY PAGE

REGISTERED APPRENTICES
HVAC SERVICE

(1)year terms at the following wages:

1st yr. 2nd yr. 3rd yr. 4th yr. 5th yr.
$ 18.87 $ 22.36 $ 27.91 $ 34.33 $ 37.25
+$2.37* +$2.67* +$3.22* +$3.84* +$4.07*

*Note: This portion of wage is not subject to overtime premium.

Supplemental Benefits per hour:

Apprentices 07/01/2022
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1st term $ 20.30
2nd term  21.62
3rd term  23.07
4th term  25.05
5th term  26.47

8-21.1&2-SF/Re/AC

Plumber - Jobbing & Alterations 07/01/2022

JOB DESCRIPTION  Plumber - Jobbing & Alterations DISTRICT  8
ENTIRE COUNTIES
Dutchess, Putnam, Westchester

PARTIAL COUNTIES
Ulster:  Entire county (including Wallkill and Shawangunk Prisons in Town of Shawangunk) EXCEPT for remainder of Town of Shawangunk,
and Towns of Plattekill, Marlboro, and Wawarsing.

WAGES
Per hour: 07/01/2022
Journeyworker: $ 46.79

Repairs, replacements and alteration work is any repair or replacement of a present plumbing system that does not change existing roughing
or water supply lines.

SHIFT WORK:
When directly specified in public agency or authority contract documents, shift work outside the regular hours of work shall be comprised of
eight (8) hours per shift not including Saturday, Sundays and holidays. One half (1/2) hour shall be allowed for lunch after the first four (4)
hours of each shift. Wage and Fringes for shift work shall be straight time plus a shift premium of twenty-five (25%) percent. A minimum of
five days Monday through Friday must be worked to establish shift work.

SUPPLEMENTAL BENEFITS
Per hour:
Journeyworker

$ 33.56

OVERTIME PAY
See (B, *E, E2, Q, V) on OVERTIME PAGE
*When used as a make-up day, hours after 8 on Saturday shall be paid at time and one half.

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 16, 25) on HOLIDAY PAGE

REGISTERED APPRENTICES
(1) year terms at the following wages:

1st year $ 20.25
2nd year 22.48
3rd year 24.40
4th year 34.25
5th year 36.19

Supplemental Benefits per hour:

1st year $ 10.98
2nd year 12.92
3rd year 16.89
4th year 22.82
5th year 24.77

8-21.3-J&A

Roofer 07/01/2022

JOB DESCRIPTION  Roofer DISTRICT  9
ENTIRE COUNTIES
Bronx, Dutchess, Kings, New York, Orange, Putnam, Queens, Richmond, Rockland, Sullivan, Ulster, Westchester

WAGES
Per Hour: 07/01/2022 05/01/2023

Additional
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Roofer/Waterproofer $ 45.25 $ 2.00
+ $7.00*

* This portion is not subjected to overtime premiums.

Note: Abatement/Removal of Asbestos containing roofs and roofing material is classified as Roofer.

SUPPLEMENTAL BENEFITS
Per Hour: $ 30.62

OVERTIME PAY
See (B, H) on OVERTIME PAGE
Note: An observed holiday that falls on a Sunday will be observed the following Monday.

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6) on HOLIDAY PAGE

REGISTERED APPRENTICES
( 1 ) year term

1st 2nd 3rd 4th
$ 15.84 $ 22.63 $ 27.15 $ 33.94

+ 3.50* + 4.20* + 5.26*
Supplements:

1st 2nd 3rd 4th
$ 3.88 $ 15.48 $ 18.50 $ 23.04

* This portion is not subjected to overtime premiums.
9-8R

Sheetmetal Worker 07/01/2022

JOB DESCRIPTION  Sheetmetal Worker DISTRICT  8
ENTIRE COUNTIES
Dutchess, Orange, Putnam, Rockland, Sullivan, Ulster, Westchester

WAGES
07/01/2022

SheetMetal Worker $ 45.25
+ 3.52*

*This portion is not subject to overtime premiums.

SHIFT WORK
For all NYS D.O.T. and other Governmental mandated off-shift work:
10% increase for additional shifts for a minimum of five (5) days

SUPPLEMENTAL BENEFITS
Journeyworker  $ 45.20

OVERTIME PAY
OVERTIME:.. See ( B, E, Q, ) on OVERTIME PAGE.

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 15, 16, 23) on HOLIDAY PAGE

REGISTERED APPRENTICES
1st 2nd 3rd 4th 5th 6th 7th 8th

$ 16.79 $ 18.88 $ 21.00 $ 23.08 $ 25.20 $ 27.30 $ 29.89 $ 32.43
+ 1.41* + 1.58* + 1.76* + 1.94* + 2.11* + 2.29* + 2.46* + 2.64*

*This portion is not subject to overtime premiums.

Supplemental Benefits per hour:

Apprentices
  1st term $ 19.37
  2nd term 21.81
  3rd term 24.21
  4th term 26.65
  5th term 29.06
  6th term 31.48
  7th term 33.42
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  8th term 35.40
8-38

Sprinkler Fitter 07/01/2022

JOB DESCRIPTION  Sprinkler Fitter DISTRICT  1
ENTIRE COUNTIES
Dutchess, Orange, Putnam, Rockland, Sullivan, Ulster, Westchester

WAGES
Per hour 07/01/2022

Sprinkler $ 48.98
Fitter

SUPPLEMENTAL BENEFITS
Per hour

Journeyperson $ 29.13

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6) on HOLIDAY PAGE
Note:  When a holiday falls on Sunday, the following Monday shall be considered a holiday and all work performed on either day shall be at
the double time rate. When a holiday falls on Saturday, the preceding Friday shall be considered a holiday and all work performed on either
day shall be at the double time rate.

REGISTERED APPRENTICES
Wages per hour

One Half Year terms at the following wage.

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
$ 23.70 $ 26.34 $ 28.72 $ 31.35 $ 33.99 $ 36.62 $ 39.25 $ 41.89 $ 44.52 $ 47.15

Supplemental Benefits per hour

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
$ 8.37 $ 8.37 $ 19.76 $ 19.76 $ 20.01 $ 20.01 $ 20.01 $ 20.01 $ 20.01 $ 20.01

1-669.2

Teamster - Building / Heavy&Highway 07/01/2022

JOB DESCRIPTION  Teamster - Building / Heavy&Highway DISTRICT  8
ENTIRE COUNTIES
Putnam, Westchester

WAGES
GROUP A: Straight Trucks (6-wheeler and 10-wheeler), A-frame, Winch, Dynamite Seeding, Mulching, Agitator, Water, Attenuator, Light
Towers, Cement (all types), Suburban, Station Wagons, Cars, Pick Ups, any vehicle carrying materials of any kind.
GROUP AA: Tack Coat
GROUP B: Tractor & Trailers (all types).
GROUP BB: Tri-Axle,14 Wheeler
GROUP C: Low Boy (carrying equipment).
GROUP D: Fuel Trucks, Tire Trucks.
GROUP E: Off-road Equipment (over 40 tons):  Athey Wagons,  Belly Dumps, Articulated Dumps, Trailer Wagons.
GROUP F: Off-road Equipment (over 40 tons) Euclid, DJB.
GROUP G: Off-road Equipment (under 40 tons) Athey Wagons, Belly Articulated Dumps, Trailer Wagons.
GROUP H: Off-road Equipment(under 40 tons), Euclid.
GROUP HH: Off-road Equipment(under 40 tons) D.J.B.
GROUP I:  Off-road Equipment(under 40 tons) Darts.
GROUP II: Off-road Equipment(under 40 tons) RXS.

WAGES:(per hour)
07/01/2022

GROUP A $ 46.07*
GROUP AA 49.07*
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GROUP B 46.69*
GROUP BB 46.19*
GROUP C 48.82*
GROUP D 46.52*
GROUP E 47.07*
GROUP F 48.07*
GROUP G 46.82*
GROUP H 47.44*
GROUP HH 47.82*
GROUP I 47.57*
GROUP II 47.94*

* To calculate premium wage, subtract $ .20 from the hourly wage.

Note: Fuel truck operators on construction sites addit. $5.00 per day.
           For work on hazardous/toxic waste site addit. 20% of hourly rate.

Shift Differential: When mandated by the contracting agency, DOT, or any governmental agency contracts shall receive a shift differential of
fifteen (15%) above the wage rate.

Four (4), ten (10) hour days may be worked at straight time during a week, Monday thru Thursday.

 NOTE - In order to use the '4 Day/10 Hour Work schedule', as your normal schedule, you must submit an 'Employer Registration for Use of
4 Day/10 Hour Work Schedule,' form PW30.1; and there must be a dispensation of hours in place on the project. If the PW30.1 is not
submitted you may be liable for overtime payments for work over 8 hours per day.

SUPPLEMENTAL BENEFITS
Per hour:
Journeyworker

First 40 hours $ 33.87
41st-45th hours   14.88
Over 45 hours   0.75

OVERTIME PAY
See (B, E, P, R) on OVERTIME PAGE

HOLIDAY
Paid: See (5, 6, 8, 9, 15, 25) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 9, 15, 25) on HOLIDAY PAGE

8-456

Welder 07/01/2022

JOB DESCRIPTION  Welder DISTRICT  1
ENTIRE COUNTIES
Albany, Allegany, Bronx, Broome, Cattaraugus, Cayuga, Chautauqua, Chemung, Chenango, Clinton, Columbia, Cortland, Delaware,
Dutchess, Erie, Essex, Franklin, Fulton, Genesee, Greene, Hamilton, Herkimer, Jefferson, Kings, Lewis, Livingston, Madison, Monroe,
Montgomery, Nassau, New York, Niagara, Oneida, Onondaga, Ontario, Orange, Orleans, Oswego, Otsego, Putnam, Queens, Rensselaer,
Richmond, Rockland, Saratoga, Schenectady, Schoharie, Schuyler, Seneca, St. Lawrence, Steuben, Suffolk, Sullivan, Tioga, Tompkins,
Ulster, Warren, Washington, Wayne, Westchester, Wyoming, Yates

WAGES
Per hour 07/01/2022

Welder: To be paid the same rate of the mechanic performing the work.*

*EXCEPTION: If a specific welder certification is required, then the 'Certified Welder' rate in that trade tag will be paid.

OVERTIME PAY
HOLIDAY

1-As Per Trade
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Putnam County Residential

Carpenter - Residential 07/01/2022

JOB DESCRIPTION  Carpenter - Residential DISTRICT  11

ENTIRE COUNTIES
Putnam, Rockland, Westchester

WAGES
***IMPORTANT NOTE: Residential construction consists of those projects involving the construction, alteration, or repair of single-family
houses or apartment buildings of no more than four (4) floors in height, town homes, row houses, single family homes, mobile homes, multi-
family houses, apartment building of four (4) floors or less and assisted living facilities of four (4) floors or less.  Excluding dormitories and
student housing.  Fours (4) stories shall be above ground level and shall not include the building's basement nor unfinished attic space.

Per hour:
07/01/2022

Carpenter $ 25.31
+4.35*

*For all hours paid straight or premium

SUPPLEMENTAL BENEFITS
Per hour:

  Journeyman $ 21.59

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 16, 25) on HOLIDAY PAGE
Holidays that fall on Sunday will be observed Monday.

REGISTERED APPRENTICES
1 year terms at the following wage rates:

1st 2nd 3rd 4th 5th
07/01/2022 $ 15.00 $ 15.69 $ 16.45 $ 17.72 $ 20.25

+2.35* +2.35* +2.35* +2.35* +2.35*

*For all hours paid straight or premium

Supplemental Benefits per hour:

Apprentice all terms $ 10.86
11-279.1r

Electrician - Residential 07/01/2022

JOB DESCRIPTION  Electrician - Residential DISTRICT  11

ENTIRE COUNTIES
Orange, Putnam, Rockland

PARTIAL COUNTIES
Dutchess:  Towns of Fishkill, East Fishkill and Beacon.

WAGES
---IMPORTANT NOTE:  Applies to all electrical wiring of single or multiple family dwellings and apartments up to and including two (2) stories
that do not exceed four (4) unit apartments.

Per hour:
07/01/2022 04/01/2023 04/01/2024

Electrician Wireman/Technician $ 48.00 $ 49.50 $ 50.50
+9.00* + 9.00* + 9.50*

SHIFT DIFFERENTIAL: On Public Work in New York State when shift work is mandated either in the job specifications or by the contracting
agency, the following rates apply when shift is worked:
Between 4:30pm & 12:30am $ 56.32 $ 58.08 $ 59.30

+ 9.00* + 9.00* + 9.50*
Between 12:30am &  8:30am $ 63.09 $65.06 $66.35
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+ 9.00* + 9.00* + 9.50*

*For all hours paid straight or premium, not to be included in 3% calculation for supplemental benefits.

NOTE ADDITIONAL AMOUNTS PAID FOR THE FOLLOWING WORK LISTED BELOW (subject to overtime premiums):
- On jobs where employees are required to work from boatswain chairs, swinging scaffolds, etc.,forty (40) feet or more above  the ground, or
under compressed air, using Scottair packs, or gas masks, they shall receive an additional $2.00 per hour above the regular straight time
rate.
- Journeyman Wireman working in Shafts, Tunnels or on Barges: $5.00 above the Journeyman Wireman rate of pay
- Journeyman Wireman when performing welding or cable splicing: $3.00 above the Journeyman Wireman rate of pay
- Journeyman Wireman required to have a NYS Asbestos Certificate: $3.00 above the Journeyman Wireman rate of pay
- Journeyman Wireman required to have a CDL: $3.00 above the Journeyman Wireman rate of pay.

SUPPLEMENTAL BENEFITS
Per hour: 07/01/2022 04/01/2023 04/01/2024
Journeyman $ 27.68 plus $ 28.68 plus $ 29.68 plus

3% of straight 3% of straight 3% of straight
or premium wage or premium wage or premium wage

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 13, 15, 16, 25) on HOLIDAY PAGE
When the holiday falls on a Saturday it is observed the Friday before.  When the holiday falls on a Sunday it is observed on the Monday
after.

REGISTERED APPRENTICES
WAGES:
(1)year terms at the following rates

07/01/2022 1st 2nd 3rd 4th 5th 6th
1st Shift $ 13.80 $ 18.40 $ 23.00 $ 27.60 $ 32.20 $ 34.50

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*
2nd Shift 16.19 21.59 26.99 32.38 37.78 40.48

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*
3rd Shift 18.14 24.18 30.23 36.28 42.32 45.35

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*

04/01/2023 1st 2nd 3rd 4th 5th 6th
1st Shift $ 14.25 $ 19.00 $ 23.75 $ 28.50 $ 33.25 $ 35.63

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*
2nd Shift 16.72 22.29 27.87 33.44 39.01 41.80

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*
3rd Shift 18.73 24.97 31.22 37.46 43.70 46.83

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*

04/01/2024 1st 2nd 3rd 4th 5th 6th
1st Shift $ 14.55 $ 19.40 $ 24.25 $ 29.10 $ 33.95 $ 36.38

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*
2nd Shift 17.08 22.77 28.47 34.16 39.85 42.70

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*
3rd Shift 19.12 25.49 31.87 38.24 44.61 47.80

+1.00* +1.00* +1.50* +2.00* +2.50* +2.50*

09/01/2024 1st 2nd 3rd 4th 5th 6th
1st Shift $ 14.55 $ 19.40 $ 24.25 $ 29.10 $ 33.95 $ 36.38

+0.50* +1.00* +1.00* +2.00* +2.50* +2.50*
2nd Shift 17.08 22.77 28.47 34.16 39.85 42.70

+0.50* +1.00* +1.00* +2.00* +2.50* +2.50*
3rd Shift 19.12 25.49 31.87 38.24 44.61 47.80

+0.50* +1.00* +1.00* +2.00* +2.50* +2.50*

*For all hours paid straight or premium, not to be included in 3% calculation for supplemental benefits.

SUPPLEMENTAL BENEFITS per hour:

07/01/2022
1st term $ 15.31 plus 3% of straight or premium wage
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2nd term $ 15.81 plus 3% of straight or premium wage
3rd term $ 17.31 plus 3% of straight or premium wage
4th term $ 18.31 plus 3% of straight or premium wage
5th term $ 19.81 plus 3% of straight or premium wage
6th term $ 19.81 plus 3% of straight or premium wage

09/01/2022
1st term $ 16.28 plus 3% of straight or premium wage
2nd term $ 16.28 plus 3% of straight or premium wage
3rd term $ 18.28 plus 3% of straight or premium wage
4th term $ 18.78 plus 3% of straight or premium wage
5th term $ 20.28 plus 3% of straight or premium wage
6th term $ 20.28 plus 3% of straight or premium wage

09/01/2024
1st term $ 16.28 plus 3% of straight or premium wage
2nd term $ 17.78 plus 3% of straight or premium wage
3rd term $ 18.78 plus 3% of straight or premium wage
4th term $ 19.78 plus 3% of straight or premium wage
5th term $ 21.28 plus 3% of straight or premium wage
6th term $ 21.28 plus 3% of straight or premium wage

11-R363/1

Insulator - Heat & Frost  - Residential 07/01/2022

JOB DESCRIPTION  Insulator - Heat & Frost  - Residential DISTRICT  8
ENTIRE COUNTIES
Dutchess, Orange, Putnam, Rockland, Westchester

WAGES
***IMPORTANT NOTE: All residential plumbing, heating and air conditioning and site work in a single-family residence or a single family
residential development under one roof, regardless of cost and garden type apartment buildings or developments which do not exceed three
stories high.

Per hour: 07/01/2022

Asbestos Worker $ 47.41

Apprentices   31.15

Fire Stop Work*
Asbestos Worker   31.15

* Applies on all exclusive Fire Stop Work (when contract is for Fire Stop Work only). No apprentices on these contracts only.

Note: Additional $0.50 per hour for work 30 feet or more above floor or ground level.

SUPPLEMENTAL BENEFITS
Per hour:
  Journeyworker $ 29.03

Apprentice   18.41

Fire Stop Work:
  Journeyworker   18.41

OVERTIME PAY
OVERTIME:   See ( B, E, Q, T, V ) on OVERTIME PAGE.

HOLIDAY
Paid:......... See ( 1 ) on HOLIDAY PAGE.
Overtime:.. See ( 2, 4, 6, 16, 25 ) on HOLIDAY PAGE.

8-91R

Laborer - Residential 07/01/2022

JOB DESCRIPTION  Laborer - Residential DISTRICT  8
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ENTIRE COUNTIES
Putnam, Westchester

WAGES
***IMPORTANT NOTE: FOR ONE OR TWO STORIES HOUSES, TOWN HOUSES AND RESIDENTIAL BUILDINGS UP TO THREE
STORIES.

07/01/2022

Laborer  $ 33.75

SUPPLEMENTAL BENEFITS
Per hour:

Journeyworker $ 20.80

OVERTIME PAY
OVERTIME: See ( B, E, Q, V* ) on OVERTIME PAGE.

  *Note: For Sundays and Holidays worked, benefits are at the same
   premium as wages.

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 16, 25) on HOLIDAY PAGE

8-235r

Sheetmetal Worker - Residential 07/01/2022

JOB DESCRIPTION  Sheetmetal Worker - Residential DISTRICT  8
ENTIRE COUNTIES
Dutchess, Orange, Putnam, Rockland, Sullivan, Ulster, Westchester

WAGES
***IMPORTANT NOTE: HVAC work on single family dwellings, multiple family housing units, apartments and condominium homes where
each individual family apartment is individually conditioned by separate and independent unit or system.

Per hour: 07/01/2022

Sheetmetal Worker  $ 32.30
+  1.81

SHIFT WORK
For all NYS D.O.T. and other Governmental mandated off-shift work:
10% increase for additional shifts for a minimum of five (5) days

SUPPLEMENTAL BENEFITS
Journeyworker  $ 22.35

OVERTIME PAY
See (B, E, Q) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6, 8, 15, 16, 23) on HOLIDAY PAGE

REGISTERED APPRENTICES
WAGES - Per hour:
(1/2) year terms at the following rates.

1st 2nd 3rd 4th 5th 6th 7th 8th
$16.96 $18.55 $20.13 $21.64 $23.56 $25.32 $27.29 $28.98
+$.91 +$1.01 +$1.11 +$1.22 +$1.32 +$1.41 +$1.52 +$1.62

Supplemental Benefits - Per hour:
 1st  $ 13.17
 2nd    14.30
 3rd    15.45
 4th    16.65
 5th    17.46
 6th    18.43
 7th    19.18
 8th    20.21

8-38r
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Sprinkler Fitter - Residential 07/01/2022

JOB DESCRIPTION  Sprinkler Fitter - Residential DISTRICT  1
ENTIRE COUNTIES
Dutchess, Orange, Putnam, Rockland, Sullivan, Ulster, Westchester

WAGES
***IMPORTANT NOTE:  "Residential fire protection work" is applicable to one or two family dwellings, all multiple family dwelling units which
are permitted to have a single exterior up to and including four stories, townhouses with units stacked vertically up to and including four
stories and group residential care facilities and protective care homes (sheltered housing), not to include nursing homes or ambulatory care
facilities.***

Per hour
07/01/2022

Sprinkler $ 39.43
Fitter

SUPPLEMENTAL BENEFITS
Per hour

Journeyman $ 29.13

OVERTIME PAY
See (B, H) on OVERTIME PAGE

HOLIDAY
Paid: See (1) on HOLIDAY PAGE
Overtime: See (5, 6) on HOLIDAY PAGE
Note:  When a holiday falls on Sunday, the following Monday shall be considered a holiday and all work performed on either day shall be at
the double time rate. When a holiday falls on Saturday, the preceding Friday shall be considered a holiday and all work performed on either
day shall be at the double time rate.

1-669r2
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Overtime Codes
 
Following is an explanation of the code(s) listed in the OVERTIME section of each classification contained in the attached schedule.
Additional requirements may also be listed in the HOLIDAY section. 
 
NOTE: Supplemental Benefits are 'Per hour worked' (for each hour worked) unless otherwise noted
 
 

( AA ) Time and one half of the hourly rate after 7 and one half hours per day

( A  ) Time and one half of the hourly rate after 7 hours per day

( B  ) Time and one half of the hourly rate after 8 hours per day

( B1 ) Time and one half of the hourly rate for the 9th & 10th hours week days and the 1st 8 hours on Saturday.
Double the hourly rate for all additional hours

( B2 ) Time and one half of the hourly rate after 40 hours per week

( C  ) Double the hourly rate after 7 hours per day

( C1 ) Double the hourly rate after 7 and one half hours per day

( D  ) Double the hourly rate after 8 hours per day

( D1 ) Double the hourly rate after 9 hours per day

( E  ) Time and one half of the hourly rate on Saturday

( E1 ) Time and one half 1st 4 hours on Saturday;  Double the hourly rate all additional Saturday hours

( E2 ) Saturday may be used as a make-up day at straight time when a day is lost during that week due to inclement
weather

( E3 ) Between November 1st and March 3rd Saturday may be used as a make-up day at straight time when a day is
lost during that week due to inclement weather, provided a given employee has worked between 16 and 32
hours that week

( E4 ) Saturday and Sunday may be used as a make-up day at straight time when a day is lost during that week due
to inclement weather

( E5 ) Double time after 8 hours on Saturdays

( F  ) Time and one half of the hourly rate on Saturday and Sunday

( G  ) Time and one half of the hourly rate on Saturday and Holidays

( H  ) Time and one half of the hourly rate on Saturday, Sunday, and Holidays

( I  ) Time and one half of the hourly rate on Sunday

( J  ) Time and one half of the hourly rate on Sunday and Holidays

( K  ) Time and one half of the hourly rate on Holidays

( L  ) Double the hourly rate on Saturday

( M  ) Double the hourly rate on Saturday and Sunday

( N  ) Double the hourly rate on Saturday and Holidays

( O  ) Double the hourly rate on Saturday, Sunday, and Holidays

( P  ) Double the hourly rate on Sunday

( Q  ) Double the hourly rate on Sunday and Holidays

( R  ) Double the hourly rate on Holidays

( S  ) Two and one half times the hourly rate for Holidays
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( S1 ) Two and one half times the hourly rate the first 8 hours on Sunday or Holidays  One and one half times the
hourly rate all additional hours.

( T  ) Triple the hourly rate for Holidays

( U  ) Four times the hourly rate for Holidays

( V  ) Including benefits at SAME PREMIUM as shown for overtime

( W  ) Time and one half for benefits on all overtime hours.

( X  ) Benefits payable on Paid Holiday at straight time. If worked, additional benefit amount will be required for
worked hours. (Refer to other codes listed.)
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Holiday Codes
 
PAID Holidays:
 
Paid Holidays are days for which an eligible employee receives a regular day's pay, but is not required to perform work. If an employee
works on a day listed as a paid holiday, this remuneration is in addition to payment of the required prevailing rate for the work actually
performed.
 
OVERTIME Holiday Pay:
 
Overtime holiday pay is the premium pay that is required for work performed on specified holidays.  It is only required where the employee
actually performs work on such holidays.  The applicable holidays are listed under HOLIDAYS: OVERTIME. The required rate of pay for
these covered holidays can be found in the OVERTIME PAY section listings for each classification.
 
Following is an explanation of the code(s) listed in the HOLIDAY section of each classification contained in the attached schedule. The
Holidays as listed below are to be paid at the wage rates at which the employee is normally classified.
 
 

( 1 ) None

( 2 ) Labor Day

( 3 ) Memorial Day and Labor Day

( 4 ) Memorial Day and July 4th

( 5 ) Memorial Day, July 4th, and Labor Day

( 6 ) New Year's, Thanksgiving, and Christmas

( 7 ) Lincoln's Birthday, Washington's Birthday, and Veterans Day

( 8 ) Good Friday

( 9 ) Lincoln's Birthday

( 10 ) Washington's Birthday

( 11 ) Columbus Day

( 12 ) Election Day

( 13 ) Presidential Election Day

( 14 ) 1/2 Day on Presidential Election Day

( 15 ) Veterans Day

( 16 ) Day after Thanksgiving

( 17 ) July 4th

( 18 ) 1/2 Day before Christmas

( 19 ) 1/2 Day before New Years

( 20 ) Thanksgiving

( 21 ) New Year's Day

( 22 ) Christmas

( 23 ) Day before Christmas

( 24 ) Day before New Year's

( 25 ) Presidents' Day

( 26 ) Martin Luther King, Jr. Day

( 27 ) Memorial Day

( 28 ) Easter Sunday
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( 29 ) Juneteenth
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Article 8

  

 

AGENCY Fiscal Officer FEIN EMPLOYER NAME EMPLOYER
DBA NAME

ADDRESS DEBARMENT
START DATE

DEBARMENT
END DATE

DOL DOL *****5754 0369 CONTRACTORS, LLC 515 WEST AVE
UNIT PH 13NORWALK CT

06850

05/12/2021 05/12/2026

DOL NYC *****9839 A.J.S. PROJECT
MANAGEMENT, INC.

149 FIFTH AVENUE
NEW YORK NY 10010

12/29/2016 12/29/2021

DOL DOL *****4018 ADIRONDACK BUILDING
RESTORATION INC.

4156 WILSON ROAD EAST
TABERG NY 13471

03/26/2019 03/26/2024

DOL AG *****1812 ADVANCED BUILDERS & LAND
DEVELOPMENT, INC.

400 OSER AVE
#2300HAUPPAUGE NY 11788

09/11/2019 09/11/2024

DOL DOL *****1687 ADVANCED SAFETY
SPRINKLER INC

261 MILL ROAD
P.O BOX 296EAST AURORA

NY 14052

05/29/2019 05/29/2024

DOL NYC *****6775 ADVENTURE MASONRY
CORP.

1535 RICHMOND AVENUE
STATEN ISLAND NY 10314

12/13/2017 12/13/2022

DOL NYC AGOSTINHO TOME 405 BARRETTO ST
BRONX NY 10474

05/31/2018 05/31/2023

DOL NYC AMJED PARVEZ 401 HANOVER AVENUE
STATEN ISLAND NY 10304

01/11/2021 01/11/2026

DOL DOL ANGELO F COKER 2610 SOUTH SALINA STREET
SUITE 14SYRACUSE NY 13205

09/17/2020 09/17/2025

DOL DOL ANGELO F COKER 2610 SOUTH SALINA STREET
SUITE 14SYRACUSE NY 13205

12/04/2018 12/04/2023

DOL DOL ANGELO GARCIA 515 WEST AVE
UNIT PH 13NORWALK CT

06850

05/12/2021 05/12/2026

DOL DOL ANITA SALERNO 158 SOLAR ST
SYRACUSE NY 13204

01/07/2019 01/07/2024

DOL NYC ANTHONY J SCLAFANI 149 FIFTH AVE
NEW YORK NY 10010

12/29/2016 12/29/2021

DOL DOL ANTHONY PERGOLA 3 WEST MAIN ST/SUITE 208
ELMSFORD NY 10323

01/23/2017 01/23/2022

DOL DOL ANTONIO ESTIVEZ 442 ARMONK RD
MOUNT KISCO NY 10549

06/12/2018 06/12/2023

DOL NYC ARADCO CONSTRUCTION
CORP

115-46 132RD ST
SOUTH OZONE PARK NY

11420

09/17/2020 09/17/2025

DOL DOL ARNOLD A. PAOLINI 1250 BROADWAY ST
BUFFALO NY 14212

02/03/2020 02/03/2025

DOL NYC ARSHAD MEHMOOD 168-42 88TH AVENUE
JAMAICA NY 11432

11/20/2019 11/20/2024

DOL DOL ARVINDER ATWAL 65 KENNETH PLACE
NEW HYDE PARK NY 11040

07/19/2017 07/19/2022

DOL NYC *****6683 ATLAS RESTORATION CORP. 35-12 19TH AVENUE
ASTORIA NY 11105

08/02/2017 08/02/2022

DOL NYC *****5532 ATWAL MECHANICALS, INC 65 KENNETH PLACE
NEW HYDE PARK NY 11040

07/19/2017 07/19/2022

DOL NYC *****2591 AVI 212 INC. 260 CROPSEY AVENUE
APT 11GBROOKLYN NY 11214

10/30/2018 10/30/2023

DOL NYC AVM CONSTRUCTION CORP 117-72 123RD ST
SOUTH OZONE PARK NY

11420

09/17/2020 09/17/2025

DOL NYC AZIDABEGUM 524 MCDONALD AVENUE
BROOKLYN NY 11218

09/17/2020 09/17/2025

DOL NYC BALWINDER SINGH 421 HUDSON ST
SUITE C5NEW YORK NY 10014

02/20/2019 02/20/2024

DOL NYC *****8416 BEAM CONSTRUCTION, INC. 50 MAIN ST
WHITE PLAINS NY 10606

01/04/2019 01/04/2024

DOL DOL BERNARD BEGLEY 38 LONG RIDGE ROAD
BEDFORD NY 10506

12/18/2019 12/18/2024

DOL NYC *****2113 BHW CONTRACTING, INC. 401 HANOVER AVENUE
STATEN ISLAND NY 10304

01/11/2021 01/11/2026

DOL DOL BIAGIO CANTISANI 06/12/2018 06/12/2023

DOL DOL *****3627 BJB CONSTRUCTION CORP. 38 LONG RIDGE ROAD
BEDFORD NY 10506

12/18/2019 12/18/2024

DOL DOL *****4512 BOB BRUNO EXCAVATING,
INC

5 MORNINGSIDE DR
AUBURN NY 13021

05/28/2019 05/28/2024

DOL DOL BOGDAN MARKOVSKI 370 W. PLEASANTVIEW AVE
SUITE 2.329HACKENSACK NJ

07601

02/11/2019 02/11/2024

DOL DA BOLTER CONSTRUCTION 2549 LINDEN STREET
BELLMORE NY 11710

12/22/2016 12/22/2021

DOL DOL BRADLEY J SCHUKA 4 BROTHERS ROAD
WAPPINGERS FALLS NY 12590

10/20/2020 10/20/2025
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DOL DOL BRUCE P. NASH JR. 5841 BUTTERNUT ROAD

EAST SYRACUSE NY 13057
09/12/2018 09/12/2023

DOL DOL *****0225 C&D LAFACE
CONSTRUCTION, INC.

8531 OSWEGO RD
BALDWINSVILLE NY 13027

02/03/2020 01/09/2023

DOL DOL *****8809 C.B.E. CONTRACTING
CORPORATION

310 MCGUINESS BLVD
GREENPOINT NY 11222

03/07/2017 03/07/2022

DOL DOL *****9383 C.C. PAVING AND
EXCAVATING, INC.

2610 SOUTH SALINA ST
SUITE 12SYRACUSE NY 13205

09/17/2020 09/17/2025

DOL DOL *****9383 C.C. PAVING AND
EXCAVATING, INC.

2610 SOUTH SALINA ST
SUITE 12SYRACUSE NY 13205

12/04/2018 12/04/2023

DOL DOL *****4083 C.P.D. ENTERPRISES, INC P.O BOX 281
WALDEN NY 12586

03/03/2020 03/03/2025

DOL DOL *****5161 CALADRI DEVELOPMENT
CORP.

1223 PARK ST.
PEEKSKILL NY 10566

05/17/2021 05/17/2026

DOL DOL *****3391 CALI ENTERPRISES, INC. 1223 PARK STREET
PEEKSKILL NY 10566

05/17/2021 05/17/2026

DOL NYC CALVIN WALTERS 465 EAST THIRD ST
MT. VERNON NY 10550

09/09/2019 09/09/2024

DOL DOL CANTISANI & ASSOCIATES
LTD

442 ARMONK RD
MOUNT KISCSO NY 10549

06/12/2018 06/12/2023

DOL DOL CANTISANI HOLDING LLC 06/12/2018 06/12/2023

DOL DOL CARMEN RACHETTA 8531 OSWEGO RD
BALDWINSVILLE NY 13027

02/03/2020 02/03/2025

DOL DOL CARMENA RACHETTA 8531 OSWEGO ROAD
BALDWINSVILLE NY 13027

02/03/2020 01/09/2023

DOL DOL *****3812 CARMODY "2" INC 06/12/2018 06/12/2023

DOL DOL *****1143 CARMODY BUILDING CORP CARMODY
CONTRACTIN

G AND
CARMODY

CONTRACTIN
G CORP.

442 ARMONK RD
MOUNT KISCO NY 10549

06/12/2018 06/12/2023

DOL DOL CARMODY CONCRETE
CORPORATION

06/12/2018 06/12/2023

DOL DOL CARMODY ENTERPRISES,
LTD.

442 ARMONK RD
MOUNT KISCO NY 10549

06/12/2018 06/12/2023

DOL DOL CARMODY INC 442 ARMONK RD
MOUNT KISCO NY 10549

06/12/2018 06/12/2023

DOL DOL *****3812 CARMODY INDUSTRIES INC 06/12/2018 06/12/2023

DOL DOL CARMODY MAINTENANCE
CORPORATION

442 ARMONK RD
MOUNT KISCO NY 10549

06/12/2018 06/12/2023

DOL DOL CARMODY MASONRY CORP 442 ARMONK RD
MOUNT KISCO NY 10549

06/12/2018 06/12/2023

DOL DOL *****8809 CBE CONTRACTING CORP 142 EAST MARKET STREET
LONG BEACH NY 11561

03/07/2017 03/07/2022

DOL AG CESAR J. AGUDELO 81-06 34TH AVENUE
APT. 6EJACKSON HEIGHTS NY

11372

02/07/2018 02/07/2023

DOL DOL *****0026 CHANTICLEER
CONSTRUCTION LLC

4 BROTHERS ROAD
WAPPINGERS FALLS NY 12590

10/20/2020 10/20/2025

DOL NYC CHARLES ZAHRADKA 863 WASHINGTON STREET
FRANKLIN SQUARE NY 11010

03/10/2020 03/10/2025

DOL DOL CHRISTOPHER GRECO 26 NORTH MYRTLE AVENUE
SPRING VALLEY NY 10956

02/18/2021 02/18/2026

DOL DOL CHRISTOPHER J MAINI 19 CAITLIN AVE
JAMESTOWN NY 14701

09/17/2018 09/17/2023

DOL DOL CHRISTOPHER
PAPASTEFANOU A/K/A CHRIS

PAPASTEFANOU

1445 COMMERCE AVE
BRONX NY 10461

05/30/2019 05/30/2024

DOL DOL *****1927 CONSTRUCTION PARTS
WAREHOUSE, INC.

CPW 5841 BUTTERNUT ROAD
EAST SYRACUSE NY 13057

09/12/2018 09/12/2023

DOL DOL *****3228 CROSS-COUNTY
LANDSCAPING AND TREE

SERVICE, INC.

ROCKLAND
TREE

SERVICE

26 NORTH MYRTLE AVENUE
SPRING VALLEY NY 10956

02/18/2021 02/18/2026

DOL DOL *****2524 CSI ELECTRICAL &
MECHANICAL INC

42-32 235TH ST
DOUGLASTON NY 11363

01/14/2019 01/14/2024

DOL NYC DALJIT KAUR BOPARAI 185-06 56TH AVE
FRESH MEADOW NY 11365

10/17/2017 10/17/2022

DOL DOL *****7619 DANCO CONSTRUCTION
UNLIMITED INC.

485 RAFT AVENUE
HOLBROOK NY 11741

10/19/2021 10/19/2026

DOL DOL DARIAN L COKER 2610 SOUTH SALINA ST
SUITE 2CSYRACUSE NY 13205

09/17/2020 09/17/2025
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DOL DOL DARIAN L COKER 2610 SOUTH SALINA ST

SUITE 2CSYRACUSE NY 13205
12/04/2018 12/04/2023

DOL NYC DAVID WEINER 14 NEW DROP LANE
2ND FLOORSTATEN ISLAND

NY 10306

11/14/2019 11/14/2024

DOL DOL DEBBIE STURDEVANT 29 MAPLEWOOD DRIVE
BINGHAMTON NY 13901

02/21/2017 02/21/2022

DOL AG DEBRA MARTINEZ 31 BAY ST
BROOKLYN NY 11231

03/28/2018 03/28/2023

DOL DOL DELPHI PAINTING &
DECORATING CO INC

1445 COMMERCE AVE
BRONX NY 10461

05/30/2019 05/30/2024

DOL DOL DF CONTRACTORS OF
ROCHESTER, INC.

1835 DAANSEN RD.
PALMYRA NY 14522

05/16/2017 05/16/2022

DOL DOL DF CONTRACTORS, INC. 1835 DAANSEN RD.
PALMYRA NY 14522

05/16/2017 05/16/2022

DOL NYC DIMITRIOS TSOUMAS 35-12 19TH AVENUE
ASTORIA NY 11105

08/02/2017 08/02/2022

DOL DOL DOMENICO LAFACE 8531 OSWEGO RD
BALDWINSVILLE NY 13027

02/03/2020 01/09/2023

DOL DOL *****3242 DONALD R. FORSAY DF LAWN
SERVICE

1835 DAANSEN RD.
PALMYRA NY 14522

05/16/2017 05/16/2022

DOL DOL DONALD R. FORSAY 1835 DAANSEN RD.
PALMYRA NY 14522

05/16/2017 05/16/2022

DOL NYC DUARTE LOPES 66-05 WOODHAVEN BLVD.
STE 2REGO PARK NY 11374

04/20/2017 04/20/2022

DOL DOL *****5175 EAGLE MECHANICAL AND
GENERAL CONSTRUCTION

LLC

11371 RIDGE RD
WOLCOTT NY 14590

02/03/2020 02/03/2025

DOL DOL EAST COAST PAVING 2238 BAKER RD
GILLETT PA 16923

03/12/2018 03/12/2023

DOL DA EDWIN HUTZLER 2375 RAYNOR STREET
RONKONKOMA NY 11779

08/04/2021 08/04/2026

DOL DOL *****0780 EMES HEATING & PLUMBING
CONTR

5 EMES LANE
MONSEY NY 10952

01/20/2002 01/20/3002

DOL NYC *****5917 EPOCH ELECTRICAL, INC 97-18 50TH AVE
CORONA NY 11368

04/19/2018 04/19/2024

DOL DOL FAIGY LOWINGER 11 MOUNTAIN RD
28 VAN BUREN DRMONROE

NY 10950

03/20/2019 03/20/2024

DOL DOL FRANK BENEDETTO 19 CATLIN AVE
JAMESTOWN NY 14701

09/17/2018 09/17/2023

DOL DOL *****4722 FRANK BENEDETTO AND
CHRISTOPHER J MAINI

B & M
CONCRETE

19 CAITLIN AVE
JAMESTOWN NY 14701

09/17/2018 09/17/2023

DOL NYC FRANK MAINI 1766 FRONT ST
YORKTOWN HEIGHTS NY

10598

01/17/2018 01/17/2023

DOL DA FREDERICK HUTZLER 2375 RAYNOR STREET
RONKONKOMA NY 11779

08/04/2021 08/04/2026

DOL NYC *****6616 G & G MECHANICAL
ENTERPRISES, LLC.

1936 HEMPSTEAD TURNPIKE
EAST MEDOW NY 11554

11/29/2019 11/29/2024

DOL DOL GABRIEL FRASSETTI 04/10/2019 04/10/2024

DOL NYC GAYATRI MANGRU 21 DAREWOOD LANE
VALLEY STREAM NY 11581

09/17/2020 09/17/2025

DOL DOL GEOFF CORLETT 415 FLAGGER AVE
#302STUART FL 34994

10/31/2018 10/31/2023

DOL DA GEORGE LUCEY 150 KINGS STREET
BROOKLYN NY 11231

01/19/1998 01/19/2998

DOL DOL GIGI SCHNECKENBURGER 261 MILL RD
EAST AURORA NY 14052

05/29/2019 05/29/2024

DOL DOL GIOVANNI LAFACE 8531 OSWEGO RD
BALDWINSVILLE NY 13027

02/03/2020 01/09/2023

DOL NYC *****3164 GLOBE GATES INC GLOBAL
OVERHEAD

DOORS

405 BARRETTO ST
BRONX NY 10474

05/31/2018 05/31/2023

DOL NYC GREAT ESTATE
CONSTRUCTION, INC.

327 STAGG ST
BROOKLYN NY 11206

10/10/2017 10/10/2022

DOL DOL GREGORY S. OLSON P.O BOX 100
200 LATTA BROOK

PARKHORSEHEADS NY 14845

03/08/2018 03/08/2023

DOL DOL HANS RATH 24 ELDOR AVENUE
NEW CITY NY 10956

02/03/2020 02/03/2025

DOL NYC *****3228 HEIGHTS ELEVATOR CORP. 1766 FRONT ST
YORKTOWN HEIGHTS NY

10598

01/17/2018 01/17/2023
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DOL DOL *****5131 INTEGRITY MASONRY, INC. M&R

CONCRETE
722 8TH AVE

WATERVLIET NY 12189
06/05/2018 06/05/2023

DOL DOL IRENE KASELIS 32 PENNINGTON AVE
WALDWICK NJ 07463

05/30/2019 05/30/2024

DOL DOL *****9211 J. WASE CONSTRUCTION
CORP.

8545 RT 9W
ATHENS NY 12015

03/09/2021 03/09/2026

DOL DOL J.A. HIRES CADWALLADER P.O BOX 100
200 LATTA BROOK

PARKHORSEHEADS NY 14845

03/08/2018 03/08/2023

DOL DOL JAMES C. DELGIACCO 722 8TH AVE
WATERVLIET NY 12189

06/05/2018 06/05/2023

DOL DOL JAMES J. BAKER 7901 GEE ROAD
CANASTOTA NY 13032

08/17/2021 08/17/2026

DOL DOL JAMES LIACONE 9365 WASHINGTON ST
LOCKPORT IL 60441

07/23/2018 07/23/2023

DOL DOL JAMES RACHEL 9365 WASHINGTON ST
LOCKPORT IL 60441

07/23/2018 07/23/2023

DOL DOL JASON P. RACE 3469 STATE RT. 69
PERISH NY 13131

09/29/2021 09/29/2026

DOL DOL *****7993 JBS DIRT, INC. 7901 GEE ROAD
CANASTOTA NY 13032

08/17/2021 08/17/2026

DOL DOL *****5368 JCH MASONRY &
LANDSCAPING INC.

35 CLINTON AVE
OSSINING NY 10562

09/12/2018 09/12/2023

DOL NYC JENNIFER GUERRERO 1936 HEMPSTEAD TURNPIKE
EAST MEADOW NY 11554

11/29/2019 11/29/2024

DOL DOL JIM PLAUGHER 17613 SANTE FE LINE ROAD
WAYNEFIELD OH 45896

07/16/2021 07/16/2026

DOL AG JOHN ANTHONY MASSINO 36-49 204TH STREET
BAYSIDE NY 11372

02/07/2018 02/07/2023

DOL DOL JOHN F. CADWALLADER 200 LATTA BROOK PARK
HORSEHEADS NY 14845

03/08/2018 03/08/2023

DOL DOL *****4612 JOHN F. CADWALLADER, INC. THE GLASS
COMPANY

P.O BOX 100
200 LATTA BROOK

PARKHORSEHEADS NY 14845

03/08/2018 03/08/2023

DOL DOL JOHN GOCEK 14B COMMERCIAL AVE
ALBANY NY 12065

11/14/2019 11/14/2024

DOL DOL JOHN LUCIANO 05/14/2018 05/14/2023

DOL DOL JOHN MARKOVIC 47 MANDON TERRACE
HAWTHORN NJ 07506

03/29/2021 03/29/2026

DOL DOL JOHN WASE 8545 RT 9W
ATHENS NY 12015

03/09/2021 03/09/2026

DOL AG *****0600 JOHNCO CONTRACTING, INC. 36-49 204TH STREET
BAYSIDE NY 11372

02/07/2018 02/07/2023

DOL DOL JON E DEYOUNG 261 MILL RD
P.O BOX 296EAST AURORA

NY 14052

05/29/2019 05/29/2024

DOL DOL JORGE RAMOS 8970 MIKE GARCIA DR
MANASSAS VA 20109

07/16/2021 07/16/2026

DOL DOL JORI PEDERSEN 415 FLAGER AVE
#302STUART FL 34994

10/31/2018 10/31/2023

DOL DOL JOSE CHUCHUCA 35 CLINTON AVE
OSSINING NY 10562

09/12/2018 09/12/2023

DOL NYC JOSEPH FOLEY 66-05 WOODHAVEN BLVD.
STE 2REGO PARK NY 11374

04/20/2017 04/20/2022

DOL NYC JOSEPH MARTINO 1535 RICHMOND AVENUE
STATEN ISLAND NY 10314

12/13/2017 12/13/2022

DOL DOL JOY MARTIN 2404 DELAWARE AVE
NIGARA FALLS NY 14305

09/12/2018 09/12/2023

DOL DOL *****5116 JP RACE PAINTING, INC. T/A
RACE PAINTING

3469 STATE RT. 69
PERISH NY 13131

09/29/2021 09/29/2026

DOL DOL JULIUS AND GITA BEHREND 5 EMES LANE
MONSEY NY 10952

11/20/2002 11/20/3002

DOL DOL *****5062 K R F SITE DEVELOPMENT
INC

375 LAKE SHORE DRIVE
PUTNAM VALLEY NY 10579

01/23/2017 01/23/2022

DOL NYC K.S. CONTRACTING CORP. 29 PHILLIP DRIVE
PARSIPPANY NJ 07054

02/13/2017 02/13/2022

DOL DOL KARIN MANGIN 796 PHELPS ROAD
FRANKLIN LAKES NJ 07417

12/01/2020 12/01/2025

DOL DOL KATE E. CONNOR 7088 INTERSTATE ISLAND RD
SYRACUSE NY 13209

03/31/2021 03/31/2026

DOL DOL KATIE BURDICK 2238 BAKER RD
GILLETT PA 16923

03/12/2018 03/12/2023

DOL DOL *****2959 KELC DEVELOPMENT, INC 7088 INTERSTATE ISLAND RD
SYRACUSE NY 13209

03/31/2021 03/31/2026
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DOL DOL KENNETH FIORENTINO 375 LAKE SHORE DRIVE

PUTNAM VALLEY NY 10579
01/23/2017 01/23/2022

DOL DOL KIMBERLY F. BAKER 7901 GEE ROAD
CANASTOTA NY 13032

08/17/2021 08/17/2026

DOL DOL *****3490 L & M
CONSTRUCTION/DRYWALL

INC.

1079 YONKERS AVE
YONKERS NY 10704

08/07/2018 08/07/2023

DOL DA *****8816 LAKE CONSTRUCTION AND
DEVELOPMENT
CORPORATION

150 KINGS STREET
BROOKLYN NY 11231

08/19/1998 08/19/2998

DOL DOL *****4505 LARAPINTA ASSOCIATES INC 29 MAPLEWOOD DRIVE
BINGHAMTON NY 13901

02/21/2017 02/21/2022

DOL DOL LAVERN GLAVE 161 ROBYN RD
MONROE NY 10950

01/30/2018 01/30/2023

DOL DOL *****4388 LEN.J CONSTRUCTION, LLC PO BOX 10007
ALBANY NY 12201

06/24/2016 09/19/2022

DOL DOL *****4388 LEN.J CONSTRUCTION, LLC PO BOX 10007
ALBANY NY 12201

06/24/2016 09/19/2022

DOL DOL *****4388 LEN.J CONSTRUCTION, LLC PO BOX 10007
ALBANY NY 12201

09/19/2017 09/19/2022

DOL DOL *****4388 LEN.J CONSTRUCTION, LLC PO BOX 10007
ALBANY NY 12201

09/19/2017 09/19/2022

DOL DOL *****4388 LEN.J CONSTRUCTION, LLC PO BOX 10007
ALBANY NY 12201

01/17/2017 09/19/2022

DOL DOL *****4388 LEN.J CONSTRUCTION, LLC PO BOX 10007
ALBANY NY 12201

09/19/2017 09/19/2022

DOL DOL *****4388 LEN.J CONSTRUCTION, LLC PO BOX 10007
ALBANY NY 12201

09/19/2017 09/19/2022

DOL DOL *****4388 LEN.J CONSTRUCTION, LLC PO BOX 10007
ALBANY NY 12201

08/14/2017 09/19/2022

DOL DOL LEROY NELSON JR PO BOX 10007
ALBANY NY 12201

09/19/2017 09/19/2022

DOL DOL LEROY NELSON JR PO BOX 10007
ALBANY NY 12201

09/19/2017 09/19/2022

DOL DOL LEROY NELSON JR PO BOX 10007
ALBANY NY 12201

09/19/2017 09/19/2022

DOL DOL LEROY NELSON JR PO BOX 10007
ALBANY NY 12201

09/19/2017 09/19/2022

DOL DOL LEROY NELSON JR PO BOX 10007
ALBANY NY 12201

08/14/2017 08/14/2022

DOL DOL LEROY NELSON JR PO BOX 10007
ALBANY NY 12201

01/17/2017 09/19/2022

DOL DA *****4460 LONG ISLAND GLASS &
STOREFRONTS, LLC

4 MANHASSET TRL
RIDGE NY 11961

09/06/2018 09/06/2023

DOL AG *****4216 LOTUS-C CORP. 81-06 34TH AVENUE
APT. 6EJACKSON HEIGHTS NY

11372

02/07/2018 02/07/2023

DOL DOL LOUIS A. CALICCHIA 1223 PARK ST.
PEEKSKILL NY 10566

05/17/2021 05/17/2026

DOL NYC LUBOMIR PETER SVOBODA 27 HOUSMAN AVE
STATEN ISLAND NY 10303

12/26/2019 12/26/2024

DOL NYC M & L STEEL & ORNAMENTAL
IRON CORP.

27 HOUSMAN AVE
STATEN ISLAND NY 10303

12/26/2019 12/26/2024

DOL DOL M ANVER BEIG 142 EAST MARKET STREET
LONG BEACH NY 11561

03/07/2017 03/07/2022

DOL DOL M. ANVER BEIG 142 EAST MARKET STREET
LONG BEACH NY 11561

03/07/2017 03/07/2022

DOL DOL *****2196 MAINSTREAM SPECIALTIES,
INC.

11 OLD TOWN RD
SELKIRK NY 12158

02/02/2021 02/02/2026

DOL DA MANUEL P TOBIO 150 KINGS STREET
BROOKLYN NY 14444

08/19/1998 08/19/2998

DOL DA MANUEL TOBIO 150 KINGS STREET
BROOKLYN NY 11231

08/19/1998 08/19/2998

DOL NYC MAREK FABIJANOWSKI 50 MAIN ST
WHITE PLAINS NY 10606

01/04/2019 01/04/2024

DOL NYC MARIA NUBILE 84-22 GRAND AVENUE
ELMHURST NY 11373

03/10/2020 03/10/2025

DOL NYC MARTINE ALTER 1010 NORTHERN BLVD.
GREAT NECK NY 11021

03/09/2017 03/09/2022

DOL DOL MARVIN A STURDEVANT 29 MAPLEWOOD DRIVE
BINGHAMTON NY 13901

02/21/2017 02/21/2022

DOL DOL MASONRY CONSTRUCTION,
INC.

442 ARMONK RD
MOUNT KISCO NY 10549

06/12/2018 06/12/2023

DOL DOL *****3333 MASONRY INDUSTRIES, INC. 442 ARMONK RD
MOUNT KISCO NY 10549

06/12/2018 06/12/2023

              NYSDOL Bureau of Public Work Debarment List      12/22/2021

                                                                                     Page 5 of 9



Article 8

 

 
DOL NYC MATINA KARAGIANNIS 97-18 50TH AVE

CORONA NY 11368
04/19/2018 04/19/2023

DOL DOL MATTHEW P. KILGORE 4156 WILSON ROAD EAST
TABERG NY 13471

03/26/2019 03/26/2024

DOL DOL MAURICE GAWENO 442 ARMONK RD
MOUNT KISCO NY 10549

06/12/2018 06/12/2023

DOL DOL MCLEAN "MIKKI BEANE" 1229 JAMES STREET
SYRACUSE NY 13203

05/02/2017 05/02/2022

DOL DOL MCLEAN "MIKKI" DRAKE 1229 JAMES STREET
SYRACUSE NY 13203

05/02/2017 05/02/2022

DOL DOL MCLEAN M DRAKE-BEANE 1229 JAMES STREET
SYRACUSE NY 13203

05/02/2017 05/02/2022

DOL DOL *****9445 MCLEAN M WALSH ELITE
PROFESSION
AL PAINTING

OF CNY

1229 JAMES STREET
SYRACUSE NY 13203

05/02/2017 05/02/2022

DOL DOL *****9445 MCLEAN M WALSH ELITE
PROFESSION
AL PAINTING

OF CNY

1229 JAMES STREET
SYRACUSE NY 13203

05/02/2017 05/02/2022

DOL DOL MICHAEL LENIHAN 1079 YONKERS AVE
UNIT 4YONKERS NY 10704

08/07/2018 08/07/2023

DOL AG MICHAEL RIGLIETTI 31 BAY ST
BROOKLYN NY 11231

03/28/2018 03/28/2023

DOL DOL *****4829 MILESTONE ENVIRONMENTAL
CORPORATION

704 GINESI DRIVE
SUITE 29MORGANVILLE NJ

07751

04/10/2019 04/10/2024

DOL NYC *****9926 MILLENNIUM FIRE
PROTECTION, LLC

325 W. 38TH STREET
SUITE 204NEW YORK NY

10018

11/14/2019 11/14/2024

DOL NYC *****0627 MILLENNIUM FIRE SERVICES,
LLC

14 NEW DROP LNE
2ND FLOORSTATEN ISLAND

NY 10306

11/14/2019 11/14/2024

DOL NYC *****3826 MOVING MAVEN OF NY, INC. 1010 NORTHERN BLVD.
GREAT NECK NY 11021

03/09/2017 03/09/2022

DOL NYC *****3550 MOVING MAVEN, INC 1010 NORTHERN BLVD.
GREAT NECK NY 11021

03/09/2017 03/09/2022

DOL AG MSR ELECTRICAL
CONSTRUCTION CORP.

31 BAY ST
BROOKLYN NY 11231

03/28/2018 03/28/2023

DOL DOL MUHAMMAD BEIG 142 EAST MARKET STREET
LONG BEACH NY 11561

03/07/2017 03/07/2022

DOL DOL MUHAMMAD BEIG 142 EAST MARKET STREET
LONG BEACH NY 11561

03/07/2017 03/07/2022

DOL NYC MUHAMMED A. HASHEM 524 MCDONALD AVENUE
BROOKLYN NY 11218

09/17/2020 09/17/2025

DOL NYC NAMOW, INC. 84-22 GRAND AVENUE
ELMHURST NY 11373

03/10/2020 03/10/2025

DOL DA *****9786 NATIONAL INSULATION & GC
CORP

180 MILLER PLACE
HICKSVILLE NY 11801

12/12/2018 12/12/2023

DOL DOL *****3684 NATIONAL LAWN
SPRINKLERS, INC.

645 N BROADWAY
WHITE PLAINS NY 10603

05/14/2018 05/14/2023

DOL DOL NICHOLE E. FRASER A/K/A
NICHOLE RACE

3469 STATE RT. 69
PERISH NY 13131

09/29/2021 09/29/2026

DOL DOL *****7429 NICOLAE I. BARBIR BESTUCCO
CONSTRUCTI

ON, INC.

444 SCHANTZ ROAD
ALLENTOWN PA 18104

09/17/2020 09/17/2025

DOL DOL *****0065 NORTHEAST LANDSCAPE
AND MASONRY ASSOC

3 WEST MAIN ST/SUITE 208
ELMSFORD NY 10523

01/23/2017 01/23/2022

DOL DOL *****1845 OC ERECTERS, LLC A/K/A OC
ERECTERS OF NY INC.

1207 SW 48TH TERRACE
DEERFIELD BEACH FL 33442

01/16/2018 01/16/2023

DOL NYC PARESH SHAH 29 PHILLIP DRIVE
PARSIPPANY NJ 07054

02/13/2017 02/13/2022

DOL DOL PAULINE CHAHALES 935 S LAKE BLVD
MAHOPAC NY 10541

03/02/2021 03/02/2026

DOL NYC *****9422 PELIUM CONSTRUCTION, INC. 22-33 35TH ST.
ASTORIA NY 11105

12/30/2016 12/30/2021

DOL DOL PETER M PERGOLA 3 WEST MAIN ST/SUITE 208
ELMSFORD NY 10523

01/23/2017 01/23/2022

DOL DOL PETER STEVENS 11 OLD TOWN ROAD
SELKIRK NY 12158

02/02/2021 02/02/2026

DOL DOL PIERRE LAPORT 224 COUNTY HIGHWAY 138
BROADALBIN NY 12025

03/07/2017 03/07/2022

DOL DOL *****1543 PJ LAPORT FLOORING INC 224 COUNTY HIGHWAY 138
BROADALBIN NY 12025

03/07/2017 03/07/2022

DOL DOL *****0466 PRECISION BUILT FENCES,
INC.

1617 MAIN ST
PEEKSKILL NY 10566

03/03/2020 03/03/2025
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DOL NYC *****4532 PROFESSIONAL PAVERS

CORP.
66-05 WOODHAVEN BLVD.

REGO PARK NY 11374
04/20/2017 04/20/2022

DOL NYC RASHEL CONSTRUCTION
CORP

524 MCDONALD AVENUE
BROOKLYN NY 11218

09/17/2020 09/17/2025

DOL DOL *****1068 RATH MECHANICAL
CONTRACTORS, INC.

24 ELDOR AVENUE
NEW CITY NY 10956

02/03/2020 02/03/2025

DOL DOL *****2633 RAW POWER ELECTRIC CORP 3 PARK CIRCLE
MIDDLETOWN NY 10940

01/30/2018 01/30/2023

DOL AG *****7015 RCM PAINTING INC. 69-06 GRAND AVENUE
2ND FLOORMASPETH NY

11378

02/07/2018 02/07/2023

DOL DA *****7559 REGAL CONTRACTING INC. 24 WOODBINE AVE
NORTHPORT NY 11768

10/01/2020 10/01/2025

DOL DOL REGINALD WARREN 161 ROBYN RD
MONROE NY 10950

01/30/2018 01/30/2023

DOL DOL *****9148 RICH T CONSTRUCTION 107 WILLOW WOOD LANE
CAMILLUS NY 13031

11/13/2018 11/13/2023

DOL DOL RICHARD MACONE 8617 THIRD AVE
BROOKLYN NY 11209

09/17/2018 09/17/2023

DOL DOL RICHARD REGGIO 1617 MAIN ST
PEEKSKILL NY 10566

03/03/2020 03/03/2025

DOL DOL *****9148 RICHARD TIMIAN RICH T
CONSTRUCTI

ON

108 LAMONT AVE
SYRACUSE NY 13209

10/16/2018 10/16/2023

DOL DOL RICHARD TIMIAN JR. 108 LAMONT AVE
SYRACUSE NY 13209

10/16/2018 10/16/2023

DOL DOL RICHARD TIMIAN JR. 108 LAMONT AVE
SYRACUSE NY 13209

11/13/2018 11/13/2023

DOL DOL ROBBYE BISSESAR 89-51 SPRINGFIELD BLVD
QUEENS VILLAGE NY 11427

01/11/2003 01/11/3003

DOL DOL ROBERT A. VALERINO 3841 LANYARD COURT
NEW PORT RICHEY FL 34652

07/09/2019 07/09/2024

DOL DOL ROBERT BRUNO 5 MORNINGSIDE DRIVE
AUBURN NY 13021

05/28/2019 05/28/2024

DOL NYC ROBERT HOHMAN 149 FIFTH AVE
NEW YORK NY 10010

12/29/2016 12/29/2021

DOL DOL RODERICK PUGH 404 OAK ST
SUITE 101SYRACUSE NY

13203

07/23/2018 07/23/2023

DOL DOL *****4880 RODERICK PUGH
CONSTRUCTION INC.

404 OAK ST
SUITE 101SYRACUSE NY

13203

07/23/2018 07/23/2023

DOL DOL ROMEO WARREN 161 ROBYN RD
MONROE NY 10950

01/30/2018 01/30/2023

DOL DOL RONALD MESSEN 14B COMMERCIAL AVE
ALBANY NY 12065

11/14/2019 11/14/2024

DOL DOL ROSEANNE CANTISANI 06/12/2018 06/12/2023

DOL DOL RYAN ALBIE 21 S HOWELLS POINT ROAD
BELLPORT NY 11713

02/21/2017 02/21/2022

DOL DOL *****3347 RYAN ALBIE CONTRACTING
INC

21 S HOWELLS POINT ROAD
BELLPORT NY 11713

02/21/2017 02/21/2022

DOL DOL *****1365 S & L PAINTING, INC. 11 MOUNTAIN ROAD
P.O BOX 408MONROE NY

10950

03/20/2019 03/20/2024

DOL DOL *****7730 S C MARTIN GROUP INC. 2404 DELAWARE AVE
NIAGARA FALLS NY 14305

09/12/2018 09/12/2023

DOL DOL SAL FRESINA MASONRY
CONTRACTORS, INC.

1935 TEALL AVENUE
SYRACUSE NY 13206

07/16/2021 07/16/2026

DOL DOL SAL MASONRY
CONTRACTORS, INC.

(SEE COMMENTS)
SYRACUSE NY 13202

07/16/2021 07/16/2026

DOL DOL *****9874 SALFREE ENTERPRISES INC P.O BOX 14
2821 GARDNER RDPOMPEI NY

13138

07/16/2021 07/16/2026

DOL DOL SALVATORE A FRESINA A/K/A
SAM FRESINA

107 FACTORY AVE
P.O BOX 11070SYRACUSE NY

13218

07/16/2021 07/16/2026

DOL DOL SAM FRESINA 107 FACTORY AVE
P.O BOX 11070SYRACUSE NY

13218

07/16/2021 07/16/2026

DOL NYC *****0349 SAM WATERPROOFING INC 168-42 88TH AVENUE
APT.1 AJAMAICA NY 11432

11/20/2019 11/20/2024

DOL NYC SANDEEP BOPARAI 185-06 56TH AVE
FRESH MEADOW NY 11365

10/17/2017 10/17/2022

DOL NYC *****1130 SCANA CONSTRUCTION
CORP.

863 WASHINGTON STREET
FRANKLIN SQUARE NY 11010

03/10/2020 03/10/2025
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DOL DOL *****2045 SCOTT DUFFIE DUFFIE'S

ELECTRIC,
INC.

P.O BOX 111
CORNWALL NY 12518

03/03/2020 03/03/2025

DOL DOL SCOTT DUFFIE P.O BOX 111
CORNWALL NY 12518

03/03/2020 03/03/2025

DOL DOL *****9751 SCW CONSTRUCTION 544 OLD ROUTE 23
ACRE NY 12405

02/14/2017 02/14/2022

DOL NYC *****6597 SHAIRA CONSTRUCTION
CORP.

421 HUDSON STREET
SUITE C5NEW YORK NY 10014

02/20/2019 02/20/2024

DOL DOL *****1961 SHANE BURDICK CENTRAL
TRAFFIC

CONTROL,
LLC.

2238 BAKER ROAD
GILLETT PA 16923

03/12/2018 03/12/2023

DOL DOL SHANE BURDICK 2238 BAKER ROAD
GILLETT PA 16923

03/12/2018 03/12/2023

DOL DOL SHANE NOLAN 9365 WASHINGTON ST
LOCKPORT IL 60441

07/23/2018 07/23/2023

DOL DOL SHULEM LOWINGER 11 MOUNTAIN ROAD
28 VAN BUREN DRMONROE

NY 10950

03/20/2019 03/20/2024

DOL DOL *****0816 SOLAR ARRAY SOLUTIONS,
LLC

9365 WASHINGTON ST
LOCKPORT IL 60441

07/23/2018 07/23/2023

DOL DOL *****0440 SOLAR GUYS INC. 8970 MIKE GARCIA DR
MANASSAS VA 20109

07/16/2021 07/16/2026

DOL NYC SOMATIE RAMSUNAHAI 115-46 132ND ST
SOUTH OZONE PARK NY

11420

09/17/2020 09/17/2025

DOL DOL *****2221 SOUTH BUFFALO ELECTRIC,
INC.

1250 BROADWAY ST
BUFFALO NY 14212

02/03/2020 02/03/2025

DOL DOL STANADOS KALOGELAS 485 RAFT AVENUE
HOLBROOK NY 11741

10/19/2021 10/19/2026

DOL DOL *****3496 STAR INTERNATIONAL INC 89-51 SPRINGFIELD BLVD
QUEENS VILLAGE NY 11427

08/11/2003 08/11/3003

DOL DOL *****6844 STEAM PLANT AND CHX
SYSTEMS INC.

14B COMMERCIAL AVENUE
ALBANY NY 12065

11/14/2019 11/14/2024

DOL DOL *****9933 STEED GENERAL
CONTRACTORS, INC.

1445 COMMERCE AVE
BRONX NY 10461

05/30/2019 05/30/2024

DOL DOL *****9528 STEEL-IT, LLC. 17613 SANTE FE LINE ROAD
WAYNESFIELD OH 45896

07/16/2021 07/16/2026

DOL DOL STEFANOS PAPASTEFANOU,
JR. A/K/A STEVE

PAPASTEFANOU, JR.

256 WEST SADDLE RIVER RD
UPPER SADDLE RIVER NJ

07458

05/30/2019 05/30/2024

DOL DOL *****9751 STEPHEN C WAGAR 544 OLD ROUTE 23
ACRE NY 12405

02/14/2017 02/14/2022

DOL DOL STEVE TATE 415 FLAGER AVE
#302STUART FL 34994

10/31/2018 10/31/2023

DOL DOL STEVEN MARTIN 2404 DELWARE AVE
NIAGARA FALLS NY 14305

09/12/2018 09/12/2023

DOL DOL STEVEN TESTA 50 SALEM STREET - BLDG B
LYNNFIELD MA 01940

01/23/2017 01/23/2022

DOL DOL *****3800 SUBURBAN RESTORATION
CO. INC.

5-10 BANTA PLACE
FAIR LAWN PLACE NJ 07410

03/29/2021 03/29/2026

DOL NYC *****5863 SUKHMANY CONSTRUCTION,
INC.

185-06 56TH AVE
FRESH MEADOW NY 11365

10/17/2017 10/17/2022

DOL DOL *****1060 SUNN ENTERPRISES GROUP,
LLC

370 W. PLEASANTVIEW AVE
SUITE 2.329HACKENSACK NJ

07601

02/11/2019 02/11/2024

DOL DOL *****8209 SYRACUSE SCALES, INC. 158 SOLAR ST
SYRACUSE NY 13204

01/07/2019 01/07/2024

DOL DOL TALAILA OCAMPA 1207 SW 48TH TERRACE
DEERFIELD BEACH FL 33442

01/16/2018 01/16/2023

DOL DOL TERRY THOMPSON 11371 RIDGE RD
WOLCOTT NY 14590

02/03/2020 02/03/2025

DOL DOL *****9733 TERSAL CONSTRUCTION
SERVICES INC

107 FACTORY AVE
P.O BOX 11070SYRACUSE NY

13208

07/16/2021 07/16/2026

DOL DOL TERSAL CONTRACTORS, INC. 221 GARDNER RD
P.O BOX 14POMPEI NY 13138

07/16/2021 07/16/2026

DOL DOL TERSAL DEVELOPMENT
CORP.

1935 TEALL AVENUE
SYRACUSE NY 13206

07/16/2021 07/16/2026

DOL DOL TEST P.O BOX 123
ALBANY NY 12204

05/20/2020 05/20/2025

DOL DOL *****6789 TEST1000 P.O BOX 123
ALBANY NY 12044

03/01/2021 03/01/2026

DOL DOL *****5570 TESTA CORP 50 SALEM STREET - BLDG B
LYNNFIELD MA 01940

01/23/2017 01/23/2022

              NYSDOL Bureau of Public Work Debarment List      12/22/2021

                                                                                     Page 8 of 9



Article 8

 

 

DOL DOL *****5766 THE COKER CORPORATION COKER
CORPORATIO

N

2610 SOUTH SALINA ST
SUITE 14SYRACUSE NY 13205

12/04/2018 12/04/2023

DOL DOL *****5766 THE COKER CORPORATION COKER
CORPORATIO

N

2610 SOUTH SALINA ST
SUITE 14SYRACUSE NY 13205

09/17/2020 09/17/2025

DOL DA *****4106 TRIPLE H CONCRETE CORP 2375 RAYNOR STREET
RONKONKOMA NY 11779

08/04/2021 08/04/2026

DOL DOL *****6392 V.M.K CORP. 8617 THIRD AVE
BROOKLYN NY 11209

09/17/2018 09/17/2023

DOL DOL *****6418 VALHALLA CONSTRUCTION,
LLC.

796 PHLEPS ROAD
FRANKLIN LAKES NJ 07417

12/01/2020 12/01/2025

DOL NYC *****7361 VIABLE HOLDINGS, INC. MOVING
MAVEN

1010 NORTHERN BLVD.
GREAT NECK NY 11021

03/09/2017 03/09/2022

DOL NYC *****2426 VICKRAM MANGRU VICK
CONSTRUCTI

ON

21 DAREWOOD LANE
VALLEY STREAM NY 11581

09/17/2020 09/17/2025

DOL NYC VICKRAM MANGRU 21 DAREWOOD LANE
VALLEY STREAM NY 11581

09/17/2020 09/17/2025

DOL DOL VICTOR ALICANTI 42-32 235TH ST
DOUGLASTON NY 11363

01/14/2019 01/14/2024

DOL NYC VIKTAR PATONICH 2630 CROPSEY AVE
BROOKLYN NY 11214

10/30/2018 10/30/2023

DOL DOL VIKTORIA RATH 24 ELDOR AVENUE
NEW CITY NY 10956

02/03/2020 02/03/2025

DOL NYC VITO GARGANO 1535 RICHMOND AVE
STATEN ISLAND NY 10314

12/13/2017 12/13/2022

DOL NYC *****3673 WALTERS AND WALTERS,
INC.

465 EAST AND THIRD ST
MT. VERNON NY 10550

09/09/2019 09/09/2024

DOL DOL *****3296 WESTERN NEW YORK
CONTRACTORS, INC.

3841 LAYNARD COURT
NEW PORT RICHEY FL 34652

07/09/2019 07/09/2024

DOL DOL WHITE PLAINS CARPENTRY
CORP

442 ARMONK RD 06/12/2018 06/12/2023

DOL DOL WILLIAM C WATKINS 1229 JAMES STREET
SYRACUSE NY 13203

05/02/2017 05/02/2022

DOL DOL WILLIAM G. PROERFRIEDT 85 SPRUCEWOOD ROAD
WEST BABYLON NY 11704

01/19/2021 01/19/2026

DOL DOL *****5924 WILLIAM G. PROPHY, LLC WGP
CONTRACTIN

G, INC.

54 PENTAQUIT AVE
BAYSHORE NY 11706

01/19/2021 01/19/2026

DOL DOL *****4043 WINDSHIELD INSTALLATION
NETWORK, INC.

200 LATTA BROOK PARK
HORSEHEADS NY 14845

03/08/2018 03/08/2023

DOL DOL *****4730 XGD SYSTEMS, LLC TDI GOLF 415 GLAGE AVE
#302STUART FL 34994

10/31/2018 10/31/2023

DOL NYC ZAKIR NASEEM 30 MEADOW ST
BROOKLYN NY 11206

10/10/2017 10/10/2022

DOL NYC *****8277 ZHN CONTRACTING CORP 30 MEADOW ST
BROOKLYN NY 11206

10/10/2017 10/10/2022

              NYSDOL Bureau of Public Work Debarment List      12/22/2021
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SECTION 01 12 00 – SUMMARY OF WORK – MULTIPLE PRIME CONTRACTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of Contract, including General Conditions and Division 0 & 1 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Project site address: Mahopac Public Library, 668 Route 6, Mahopac, NY  10541 

B. Owner:  Mahopac Public Library District 

C. Architect Identification: Tetra Tech Architects and Engineers, Cornell Business & Techology 
Park, 10 Brown Road, Ithaca, New York 14850. 

D. Construction Manager:  The Palombo Group, 22 Noxon Street, Poughkeepsie, NY 12601 

1. Construction Manager Representative:  Luis Rodriguez, President. 

2. Construction Manager has been engaged for this Project to serve as an advisor to Owner 
and to provide assistance in administering the Contract for Construction between Owner 
and each Contractor, according to a separate contract between Owner and Construction 
Manager. 

E. Project Identification:  Project consists of but is not limited to the Pavement (Drives and 
Parking Lots), Sidewalks (include curbing), Site Walls, Elevator, lifts and escalators Existing 
freight elevator and Schindler passenger elevator, Exterior Wall and Construction, Energy 
efficiency items. 

1.3 SUMMARY OF WORK 

A.   The work will be constructed under multiple prime contracts.  One set of contract documents is 
issued covering the multiple contracts.  Each Prime Contract is defined as: 

 
1. CONTRACT 1 - GENERAL CONSTRUCTION WORK  
2. CONTRACT 2 - HVAC COMMISSIONING CONSTRUCTION WORK 

 

1.4 WORK UNDER SEPARATE CONTRACTS 

A. The project will be constructed under a multiple-prime contracting arrangement 

B. One set of documents is issued covering all multiple prime contracts.  Each prime contractor is 
to review ALL drawings and specifications for complete understanding and knowledge of the 
work.  
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C. The following Contract Documents are specifically included and defined as integral to each 
Prime Contract. 

 
1. Bidding Requirements 

2. Performance and Payment Bonds 

3. Conditions of the Contract, including 

a. General Conditions & Supplementary Conditions 
b. Insurance Requirements 
c. NYS Prevailing Wage Rates. 

D. Extent of Contract:  Unless the Contract Documents contain a more specific description of the 
Work, names and terminology on Drawings and in Specification Sections determine which 
contract includes a specific element of Project.  

 
1. Unless otherwise indicated, the Work described in this Section for each contract shall be 

complete systems and assemblies, including products, components, accessories, and 
installation required by the Contract Documents. 

2. Trenches, excavation, fill and compaction for the Work of all contracts within building 
footprint shall be provided by the General Construction Work Contract. The General 
Construction Work Contract shall provide dewatering, shoring, bracing, excavation and 
backfill for all contractors within the existing building footprint and building additions. The 
General Construction work Contract shall also provide dewatering, shoring, bracing and 
excavation for all work 5’ outside of existing building.  Refer to all drawings for locations of 
utilities requiring shoring, bracing, excavation and backfilling. 

3. Concrete for the Work of each contract shall be provided by each contract for its own 
Work, unless specifically assigned to another Contract. 

4. Cutting and patching for the Work of each contract shall be provided by each contract for 
its own Work. 

5. Firestopping for the Work of each contract shall be provided by each contract for its own 
Work.  Firestopping shall comply with Division 7 Sections “Penetration Firestopping” 

6. Access doors not shown on Architectural drawings and required for access to junction 
boxes, valves and similar equipment for the Work of each contract shall be furnished by 
each contract for its own Work to the General Construction Contractor for installation.  
(Installation by the General Construction Contractor is N.I.C., and will be accomplished 
by use of a portion of the contingency allowance).  

7. Lead Based Paint precautions for the Work of each contract shall be provided by each 
contract for its own Work.   

8. Each Prime Contractor shall designate a full time superintendent to supervise the work of 
the Prime Contractor, who shall always be present on the job site when work is being 
performed; this person shall be familiar with Project and authorized to conclude matters 
relating to progress. 

9. Termination and removal of its temporary facilities shall be provided by General 
Construction contract for its own Work. 

10. Each Prime Contractor shall provide procedures for OSHA Lead precautions. 

E. Temporary Facilities and Controls:  In addition to specific responsibilities for temporary 
facilities and controls indicated in this Section and in Division 1 Section 01 50 00 " 
Construction Facilities and Temporary Controls” each Contract is responsible for the following: 
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1. Installation, operation, maintenance, and removal of each temporary facility usually 
considered as its own normal construction activity, and costs and use charges associated 
with each facility. 

2. Plug-in electric power cords and extension cords, supplementary plug-in task lighting, 
and special lighting necessary exclusively for its own activities. 

3. Its own field office complete with necessary furniture, utilities, and telephone service. 
4. Its own storage and fabrication sheds. 
5. Temporary enclosures for its own construction activities. 
6. Hoisting requirements for its own construction activities. 
7. Each Prime Contractor is to stockpile his debris on a daily basis, and place it in the 

dumpster.  Dumpsters will be provided by the General Construction Contract, recycling 
of materials will be instituted daily. Waste disposal facilities, including collection and 
legal disposal of its own hazardous, dangerous, unsanitary, or other harmful waste 
materials will be by the General Work Contractor. 

8. Secure lockup of its own tools, materials, and equipment. 
9. Construction aids and miscellaneous services and facilities necessary exclusively for its 

own construction activities. 
10. Safety procedures as dictated by OSHA and the NYS Department of Labor. 
11. Labor for daily clean-up. 

1.5 CONTRACT 1 - GENERAL CONSTRUCTION WORK: 

A. The Work of the General Construction Work Contract includes but is not limited to, the 
following descriptions: 

 
1. Includes Architectural, Structural, Masonry, Flooring, Ceilings, Casework, plus other 

construction operations traditionally recognized as General Work Construction. This 
includes, but is not limited to, all work shown on the following:  

a. Drawings: 
1) All “G” series Drawings (Site Code Compliance) 
2) All “C” series Drawings (Civil) 
3) All Topographical surveys 
4)       All “A” series Drawings (Architectural) 
5)       Review “M” drawings for the purposes of coordination 

 
2. Coordination: 

 
a. Coordination with the work of all of the other prime contractors. 

 
3. Demolition: 

 
a. Contractor is asked to make every effort to visit the site to review existing 

conditions prior to bidding the project.  A sign in sheet will be kept to verify 
compliance with this request. 

b. Removal of curbing, roadways, bituminous paving, and concrete walks. 
c. Removal and relocation of trees, shrubs and ground cover. 
d. Removal of all underground utilities and/or equipment as shown or described. 
e. Removal of existing sports fields, track and associated utilities. 
f. Removal of existing light pole bases to be replaced. 



The Palombo Group 01 12 00-4 SUMMARY OF WORK 
 

g. Removal and disposal of miscellaneous equipment including equipment not shown 
if impacting work to be demolished. 

h. Removal of masonry walls, doors, and interior partitions as required for the scope 
of work. 

i. Removal of finishes noted on plans. 
j. Removal and disposal of miscellaneous equipment including all existing wall 

mounted specialty items and/or equipment not shown if impacting work to be 
demolished.  Book shelving will need to be removed, protected, and replaced. 

k. All cutting and patching necessary for work of this contract, including layout, 
sleeves, coring, debris removal, sawcuts, providing lintels, drywall work, plaster 
work, grouting, painting, ceiling removal and replacement, etc. 
 

4. Temporary Facilities  
 

a. Provide dust protection and temporary fencing around project site. 
b. Provide temporary roads/ access and continuous exits. 
c. Provide all necessary erosion control measures. 
d. Provide wash out area for construction vehicles. 
e. Provide proper protection to existing sidewalks / curbs to remain. 
f. Provide dust protection. 
g. Provide continuous building exits. 
h. Provide temporary plywood protection at all existing openings to be replaced and 

new openings that are to be performed by the General Work Contractor.  Assure 
the interior of the building is not exposed to the outside elements. 

i. Provide Temporary Facilities indicated as Work of this Contract in Division 1 
Section 01 50 00, “Temporary Facilities and Controls” 
 

5. New Construction: 
 

a. Provide excavations and earthwork including topsoil stripping, stockpiling and fill. 
Provide shoring, bracing, excavation and backfill for all site work.  

b. Provide concrete sidewalks, asphalt paving, final landscaping, site appurtenances 
and stone curbing.  Provide driveway and parking lot paving and drainage as 
shown. 

c. Provide suitable fill to replace unsuitable fill. 
d. Provide underground storm systems. 
e. Provide all site hand rails, fencing and landscaping 
f. Provide construction entrance. 
g. Provide thermal and moisture protection. 
h. Provide: 
i. All site signage, see temporary facilities section 

1) Erosion controls as needed, coordinate with CM, all necessary 
documentation and regular inspections of erosion control. 

2) Contractor shall obtain and pay for any permits, inspections, or certifications 
from governing authorities having jurisdiction over the work to be 
performed, or over the finished product to be installed by this Contractor. 
Project Building Permit is by others. 

j. Provide repairs to masonry and concrete structures and openings.  
k. Provide concrete and masonry. 
l. Provide removal and replacement of metal soffit panels. 
m. Provide rough and finish carpentry. 
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n. Provide architectural woodwork. 
o. Provide thermal and moisture protection. 
p. Provide door hardware and glazing. 
q. Removal and replacement of existing window glazing / adjustments of existing 

window system. Includes the supply and installation of:  
1) Include the supply and installation of all related products (ie. flashings, 

caulking, attachments, accessories, hardware, etc.) to renovate existing 
windows as specified in this Section.   

r. Cleaning and adjustment: 
1) All surfaces of window work shall be cleaned of all mortar, plaster, paint 

and other foreign matter on both inside and outside to present a neat 
appearance and prevent damage of surfaces. In addition, system shall be 
washed off with a stiff fiber brush, soap and water, and thoroughly rinsed 
with clear water. Where aluminum work has become stained, or discolored, 
it shall be cleaned or finish restored in accordance with the specifications. 
Stained, discolored, or abraded items that cannot be satisfactorily repaired 
shall be replaced with new items at no additional cost to the Owner.  Prior to 
substantial completion and final payment of the project, the Contractor shall 
promptly replace any damaged material without additional cost to the 
Owner. 

2) Remove all excess glazing or joint sealing materials from exposed surfaces. 
Clean and polish glass.  

3) Adjust hardware for smooth operation as per the manufacturer’s 
recommendations.  

4) Protection: Protect installed product’s finish surfaces from damage during 
construction. 

5) Personnel: Experienced workman or professional cleaners approved by the 
Construction Manager. 

s. Provide gypsum wallboard and high performance finishes for same. 
t. Provide wall and door protection. 
u. Provide new heat trace for plumbing. 
v. Provide access doors that are shown on Architectural drawings. 
w. Provide building paper protection over finished product.  Include maintenance of 

protection and removal of paper.  Provide building paper protection over finished 
product.  

x. In area of work provide for the removal of books to Owner supplied carts.  These 
are to be protected until area is handed back over to the Owner for use. 

y. Provide the removal and reinstallation of book shelving as required to access and 
perform required scope  of work.  Shelving is to be protected until reinstallation. 
 

6. Provide multiple shift work as needed to complete work as shown on milestone schedule. 

B. The Work of the General Construction Contract includes but is not limited to the Work that is 
specified in the Project Manual(s) and as shown on the drawings that form the contract plans.  
The Contractor is directed to examine all drawings since certain details and/or notes may appear 
anywhere therein that apply to his/her particular work. This prime contract is defined as, and 
includes, all Sections in the Divisions indicated by reference, and specific Sections noted: 

 
1. Division 0 –Procurement and Contracting Requirement, all Sections.  
2. Division 1 –General Requirements, all Sections, including Temporary Facilities 

indicated.  
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3. Division 2 – Existing Conditions, All Sections 
4. Division 3 – Concrete, all Sections. 
5. Division 4 – Masonry, all Sections. 
6. Division 5 – Metals, all Sections. 
7. Division 6 – Woods, Plastics and Composites, all Sections 
8. Division 7 –Thermal and Moisture Protection, all Sections 
9. Division 8 – Openings, all Sections 
10. Division 9 – Finishes, all Sections. 
11. Division 10 – Specialties, all Sections 
12. Division 31, 32, and 33 – Earthwork, Exterior Improvements, and Utilities, all Sections. 

1.6 CONTRACT 2 - HVAC COMMISSIONING CONSTRUCTION WORK 

A. Work of this Contract includes, but is not limited to, the following descriptions: 
 

1. Includes HVAC Equipment, Piping, ductwork, control systems, plus other construction 
operations traditionally recognized as heating, ventilating and cooling work. This 
includes, but is not limited to, all work shown on the “M” drawings, and applicable 
information shown on the A drawings, unless noted otherwise. It also includes 
Administrative and coordination responsibilities. 
 

2. Coordination:  
 

a. Coordination with the work of all of the other contractors. 
 

3. Demolition 
 
a. Provide General work contractor with assistance on all required shutdowns of 

mechanical equipment scheduled for demolition in existing structure.  All to be 
coordinated in the field. 

b. All cutting and patching necessary for work of this contract, including layout, 
sleeves, coring, debris removal, sawcuts, lintels (furnish and install), drywall work, 
plaster work, grouting, painting, ceiling removal and replacement, etc. 
 

4. Temporary Facilities 
 

a. Provide Temporary Facilities indicated as Work of this Contract in Division 1 
Section 01 50 00, “Temporary Facilities and Controls” 
 

5. Construction: 
 

a. Provide work associated with pump VFD work including electrical panel work. 
b. Provide wall temperature sensors. 
c. Rebalance existing AC units. 
d. Provide automatic freezestat as shown. 
e. Provide damper and insulation work. 
f. Provide controls as shown. 
g. Provide final replacement filters and final duct cleaning. 
h. Provide and install all insulation, painting and labeling of new and modified 

piping, ductwork and equipment. 



The Palombo Group 01 12 00-7 SUMMARY OF WORK 
 

i. Provide all testing, adjusting and balancing of all new and existing modified 
HVAC systems. 

j. All fees required for inspections and permits. 
k. Provide firestopping and sealing all HVAC penetrations  
l. Provide owner training / commissioning of equipment and controls 

6. General Requirements, including but not limited to, additional items specifically 
indicated as the Work of this Contract. 

7. Provide multiple shift work as needed to complete work as shown on milestone schedule. 

B. The Work of the HVAC Work Contract includes but is not limited to the Work that is specified 
in the Project Manual(s) and as shown on the drawings that form the contract plans.  The 
Contractor is directed to examine all plan drawings since certain details and/or notes may 
appear anywhere therein that apply to his/her particular work. This prime contract is defined as, 
and includes, all Sections in the Divisions indicated by reference, and specific Sections noted: 

 
1. Division 0 –Procurement and Contracting Requirement, all Sections.  
2. Division 1 –General Requirements all Sections, including Temporary Facilities indicated 
3. Section 07 84 13, Penetration Firestopping, as required for the Work of this Contract 
4. Section 07 92 00, Joint Sealants, as required for the Work of this Contract 
5. Division 23 – Heating, Ventilating, and Air Conditioning, all Sections 
6. Division 26 – Electrical, all Sections 

1.7 ADDITIONAL SCOPING  

A. Definition of Extent of Prime Contract Work; Additional Prime Contract Work not previously 
described 

 
1. All Prime Contractors are responsible for reviewing plans and specs as it pertains to their 

scope of work mentioned in the contract documents.  Scopes of work referenced may be 
found in multiple locations throughout the plans and specifications. 

2. Local custom and trade union jurisdictional settlements do not control the scope of work 
included in each prime contract.  When a potential jurisdictional dispute or similar 
interruption of work is first identified or threatened, the affected prime contracts shall 
promptly negotiate a reasonable settlement to avoid or minimize the pending interruption 
and delays. 

3. All OSHA safety and hazardous materials regulations will be enforced on this project. All 
Contractors must submit a safety program, a hazardous materials program, (all required 
data must be maintained at the job site) and attend safety meetings.  Toolbox talks will be 
required from each prime contractor. 

4. All Contractors are responsible for any debris caused by their work.  A daily clean-up and 
disposal is required by each Contractor for the periods which that Contractor is 
performing work on site, on a day selected by the Construction Manager.  Each trade will 
assign at least one person to the weekly clean-up; the name of this person is to be 
submitted to the Construction Manager.  Any Contractor not providing personnel will be 
charged for labor provided by the Construction Manager. 

5. All Contractors are responsible for cutting/patching required to complete their work.  All 
exposed finishes must be ready to receive paint, etc.; all concealed openings (piping, 
ductwork, conduit, etc.) must be repaired to comply with specified wall or deck 
conditions. 
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6. Multiple Crews:  To maintain the project schedule, each Prime Contractor is to provide 
multiple crews.  Each crew is to be furnished with its own supervision, cranes, scaffold 
and other means necessary to maintain the Project Schedule. 

7. Supervision:  The proposed project manager and field superintendent for the project is to 
have at least five years experience in the proposed position.  Each successful bidder shall 
submit resumes to the Construction Manager for the proposed project manager and field 
superintendent for the project. This information will be reviewed with the Owner, 
Architect and Construction Manager for approval. Should the Project Managers and/or 
Superintendent prove unqualified for the position at any point in the project, the 
Construction Manager shall issue a letter stating that the person is to be removed from 
involvement in the project. Action by the contractor must be made within seven working 
days of receipt of such letter. 

8. General Construction Work Contractor (Contract #1) shall provide shoring identified on 
the drawings and any other shoring as may be required during construction. 

9. When selective demolition or cutting and patching (all demolition necessary for work of 
their contract, including layout, sleeves, coring, debris removal, sawcuts, drywall work, 
plaster work, grouting, painting, ceiling removal, etc) is required solely by another prime 
contract to perform their work it shall be by the Prime Contractor requiring the work to 
achieve the result indicated.  Under this condition, the prime contractor needing the 
demolition to perform the work will accomplish the demolition and the cutting and 
patching as indicated in Subparagraph 5 above. 

10. The General Contractor shall have full responsibility of keeping the existing building roof 
water tight during the construction period.   

11. Each prime contractor shall return areas disturbed by their work activities to condition 
prior to start of work.  

12. Each prime contractor shall maintain within its field office a complete and current set of 
Contract Documents (including any Addenda, Change Orders, and Modifications 
thereto), approved shop drawings, samples, color schedules and other data pertinent to 
the Project. 

13. Each prime contractor is to survey existing work and submit to the Construction Manager 
a list of damaged areas prior to commencing work.  Any damaged areas not identified 
prior to the work shall be the responsibility of the contractor/ Contractors working in that 
area.  Construction Manager will have photos of existing conditions on file for reference. 

14. Roof penetration work is assigned as follows: 
 

a. All blocking, flashing, and cutting of roof material and installation is by the 
General  Contractor. 

b. Cutting of roof deck is by the General Contractor to be coordinated with prime 
contractor requiring the penetration. 

c. The General Contractor is responsible for cabling or roping off all roof openings in 
an OSHA approved manner.  Provide all necessary fall protection. 

15. The General Construction Work Contract (Contract #1) is required to submit a 
construction and submittal schedule based on the milestone dates to the Construction 
Manager for review and comment no later than 2 weeks after a Notice to Proceed for the 
work is issued. The other prime contractors (Contract #2) have 10 days to complete their 
construction and submittal schedules after the Construction Manager distributes the 
General Construction Contractor's schedule.  
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16. Unless a specific item or material is noted as to remain the Owner's property or to 
become the Contractor's property (or similar words), any material having salvage or reuse 
value shall be inspected by the Owner. If the Owner wishes to retain this material, it shall 
be turned over to him on the site where directed. If the Owner designates the material as 
scrap, it shall become the Construction Manager’s property and removed from the site. 
Material having salvage value shall be carefully removed.  If the Construction Manager 
designates the material as scrap, it shall become the contractor’s property and removed 
from the site. Material having salvage value shall be carefully removed. 

17. When the building is occupied and fire alarm and safety system work is in progress, the 
General Contractor (Contract #1) shall continuously maintain the existing building's fire 
alarm and detection system and exit and emergency lighting system or provisions must be 
made by the General Contractor to provide equivalent safety. General Contractor must 
notify the local fire department of any non-operating systems. 

18. All personnel required to be on site shall at all times have all required personnel 
protective equipment on at all times. 

19. All personnel on site shall at all times have a photo ID displayed where visible. Those 
without will be removed from site at once. If the same individual fails to have the ID a 
second time they will be removed from site and not be allowed back on site. 

1.8 TESTING 

A. Required testing and test procedures are indicated under each Division of the Technical 
Specifications.  Other testing shall be performed per generally accepted standards. 

B. The Architect shall reserve the right to require additional information as is deemed necessary to 
fully evaluate testing results. 

C. The Owner shall employ and pay for an independent testing and inspection agency for testing 
requirements of their work as assigned by this scope of work. All testing shall be per technical 
specification requirements The Prime Contractor requiring testing will notify the Construction 
Manager twenty four hours in advance of the required testing to allow for coordination and 
scheduling. Failure to give sufficient notice will require the prime contractor to pay for alternate 
testing to satisfy the specification.   

1.9 WORK SEQUENCE 

A. The Work will be conducted to provide the least possible interference to the activities of the 
Owner’s personnel. 

B. All contract scopes of work in unoccupied areas of work can be performed weekdays from 7:00 
AM to 3:30 PM unless otherwise noted.  A Construction Manager Superintendent must be on 
site at all times that work is being performed. If a contractor fails to maintain the progress as 
indicated by the milestone schedule by no other fault but its own, and requires overtime to 
complete the work; the contractor shall make arrangements with the Construction Manager 24 
hours in advance and pay for a Construction Manager’s superintendent at $135.00 per hour. In 
the event that the cause for delay is multi-contract, then the costs shall be distributed evenly 
among contracts. Advise the Construction Manager 48 hours prior to commencing work inside 
the building. 
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C. Coordination of any utility and/or power interruption must be done with the Construction 
Manager.  Shutdowns must occur during off-hours and on days when the building is not 
occupied by the owner. 

D. Construction access to the site shall be limited to those designated for contractor’s personnel, 
equipment and deliveries by the Owner.  Contractors’ staging, parking and storage shall be 
coordinated by the Construction Manager. 

E. Each Contractor shall inspect the site and review the AHERA report on file for the presence of 
asbestos.  Unless otherwise noted, there will be asbestos containing material in place that will 
require work to take place in the vicinity of, around and/or next to.  Each prime contractor that 
will be working above ceilings, demolishing, in crawl spaces, boiler rooms and all other areas 
that may contain asbestos per the AHERA report, shall employ “Allied Trades:  
certified/licensed tradesman as part of the onsite workforce”. 

1.10 OCCUPANCY REQUIREMENTS 

A. The General Work Contractor (Contract #1) shall provide indoor air quality management as 
specified by the Department of Labor and OSHA for the building, when the building is 
enclosed, as determined by the Construction Manager. 

 
1. Provide an exhaust air system for the project indoor areas that could produce fumes, 

VOC’s off-gasses, gasses, dusts, mists, or other emissions. 
2. Exhaust air system for the project areas that could produce emissions listed in Paragraph 

1 shall be utilized.  
3. Provide temporary partitions and air seals to prevent the migration of airborne 

contaminants from unoccupied areas to occupied areas when applicable. 

B. Quality assurance: 
 

1. Maintain a negative pressure between the work area and the space surrounding the work 
area. 

2. Before start of work, submit a design for the exhaust air system.  Do not begin work until 
approval from the Owner is obtained. 

 
a. The number of machines required. 
b. Location of the machines in the work space. 
c. Description of the methods used to test air flow and pressure differential. 

 
3. Work will be occurring adjacent to properties that conduct business daily.  Care must be 

taken to limit interaction and exposure to construction activities.   

C. System operation: 
 

1. A sufficient quantity of exhaust fans in existing window openings or other approved 
locations shall be operated in accordance with the following applicable standards. 

2. Exhaust air system shall operate for a minimum of 72 hours after work is completed, or 
until all materials have cured sufficiently as to stop out gassing of fumes or odors and 
area has been ventilated to remove all detectable traces of odors and fumes. 

3. Maintain twenty-five (25) feet clearance from all temporary exhaust outlets to all active 
building outdoor air intakes. 
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1.11 PROJECT MILESTONE SCHEDULE 

A. See the milestone / phasing schedule to be included as part of the first addendum. 

B. All Prime Contractors are required to submit a schedule based on the milestone dates to the 
Construction Manager for review and comment no later than 10 days after a Notice to Proceed 
for the work is issued.   

1.12 ALLOWANCES 

A. See Specification Section 01 21 00. 

1.13 ALTERNATES 

A. The Contractor shall state where requested on the Bid Form the amount to be added to or 
deducted from the base bid for the alternates described in Section 01 23 00 - Alternates. 

END OF SECTION 01 12 00 
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SECTION 01 21 00 - ALLOWANCES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements governing allowances. 

B. Types of allowances include the following: 

1. Lump-sum allowances. 
2. Contingency allowances. 

1.3 SUBMITTALS 

A. Submit proposals for purchase of products or systems included in allowances. 
B. Submit invoices or delivery slips to show actual quantities of materials delivered to the site for 

use in fulfillment of each allowance. 
C. Submit time sheets and other documentation to show labor time and cost for installation of 

allowance items that include installation as part of the allowance. 
D. Coordinate and process submittals for allowance items in same manner as for other portions of 

the Work. 

1.4 COORDINATION 

A. Coordinate allowance items with other portions of the Work.   

1.5 LUMP-SUM ALLOWANCES 

A. Allowance shall include cost to Contractor of specific products and materials under allowance 
and shall include taxes, freight, and delivery to Project site. 

B. Contractor's costs for receiving and handling at Project site, labor, installation, overhead and 
profit, and similar costs related to products and materials under allowance shall be included as 
part of the Contract Sum and not part of the allowance. 

1.6 CONTINGENCY ALLOWANCES 

A. Use the contingency allowance only as directed by Architect for Owner's purposes. 

01 21 00 



ALLOWANCES  Tetra Tech 
01 21 00 / Page 2 Project No. 203778-21001 Architects & Engineers 

B. Allowance shall include cost to Contractor of products and materials under allowance and shall 
include taxes, freight, and delivery to Project site. Contractor's costs for receiving and handling 
at Project site, labor, installation, and similar costs related to products and materials under 
allowance shall be included as part of the allowance. 

C. Overhead and profit related to the allowance shall be included as part of the Contract Sum and 
not part of the allowance. 

1.7 ALLOWANCE PROCEDURES 

A. Authorization for use of allowances is documented through Allowance Access Authorization 
form provided in the Project Manual, accompanied by substantiating data. 

B. At Project closeout, unused amounts remaining in the allowances will be credited to Owner by 
Change Order. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Coordinate materials and their installation for each allowance with related materials and 
installations to ensure that each allowance item is completely integrated and interfaced with 
related work. 

3.2 SCHEDULE OF ALLOWANCES – CONTRACT 1 GC GENERAL CONSTRUCTION 
WORK 

A. Contingency Allowance:  Include the sum of $50,000.00 for use according to Owner’s 
instructions.  

Attachment: Allowance Access Authorization 

END OF SECTION 01 21 00 
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 ALLOWANCE ACCESS AUTHORIZATION: 
 
Project:        

     
 
Architect:  Tetra Tech Architects & Engineers Project No.   
 
Contractor:        
 
AAA No.:        Initiation Date:         
 
The  Allowance is allocated as follows:         
      
      
      
 
Total original Contract Allowance was: $        
Amount of Contract Allowance Access previously authorized: $        
Adjusted Contract Allowance prior to this authorization is: $        
The amount of available Allowance will Decrease by this Access Authorization: $        
The remaining Contract Allowance, after this Access Authorization will be: $        
 
 
Recommended by: 
Architect 
     
By (Signature):          
 
Date:             
 
Accepted by: Approved by: 
Contractor Owner 
 
By (Signature):          By (Signature):          
 
Date:              Date:              
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SECTION 01 25 00 - SUBSTITUTION PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for substitutions. 

1.3 DEFINITIONS 

A. Substitutions:  Changes in products, materials, equipment, and methods of construction from 
those required by the Contract Documents and proposed by Contractor, 

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

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 Owner. 

1.4 ACTION SUBMITTALS 

A. Substitution Requests:  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 “Request for Substitution” form attached to this 
Specification Section. Complete all sections of the form. 

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

a. Information to support identification of the proposed substitution as “for Cause” or 
“for Convenience”. 

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

c. Coordination information, including a list of changes or revisions needed to other 
parts of the Work, that will be necessary to accommodate proposed substitution. 
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d. 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. 

e. Product Data, including drawings and descriptions of products and fabrication and 
installation procedures. 

f. Samples, where applicable or requested. 

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

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

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

j. Evidence of compliance with building code in effect for Project. 

k. 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. 

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

m. 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. 

n. 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. Such additional information or documentation may include 
detailed side-by-side comparison charts of the specified product and the proposed 
substitution, and other data. Only one substitution request for each product will be 
considered. Architect will make final determination as to whether the substitution is “for 
Cause” or “for Convenience”. 

a. Architect will notify Contractor through Construction Manager of acceptance or 
rejection of proposed substitution. 
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b. Forms of Acceptance:  Change Order, Construction Change Directive, or 
Architect's Supplemental Instructions for minor changes in the Work. 

1.5 QUALITY ASSURANCE 

A. Compatibility of Substitutions:  Investigate and document compatibility of proposed 
substitution with related products and materials.   

1.6 PROCEDURES 

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

PART 2 - PRODUCTS 

2.1 SUBSTITUTIONS 

A. Substitutions for Cause:  Submit requests for substitution immediately on discovery of need for 
change. 

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. Substitution request is fully documented and properly submitted. 

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

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

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

f. Requested substitution provides specified warranty. 

g. 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. 

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. 
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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 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 extensive revisions to the Contract 
Documents. 

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 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 warranty. 

i. 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. 

PART 3 - EXECUTION (Not Used) 

Attachment: Request for Substitution Form 

END OF SECTION 01 25 00 
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SECTION 01 26 00 - CONTRACT MODIFICATION PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

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

1.3 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, via the electronic form 
procedures outlined in Division 01 Section “Project Management and Coordination” and during 
the preconstruction conference. 

1.4 PROPOSAL REQUESTS 

A. Owner-Initiated Proposal Requests:  Architect will issue a description of proposed changes in 
the Work that may require adjustment to the Contract Sum or the Contract Time, via the 
electronic form procedures outlined in Division 01 Section “Project Management and 
Coordination” and during preconstruction conference. If necessary, the description will include 
supplemental or revised Drawings and Specifications. 

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

2. Unless otherwise noted, within 14 days after receipt of Proposal Request, submit a 
quotation listing 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. 
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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. 

B. Contractor-Initiated Proposals:  If latent or changed conditions require modifications to the 
Contract, Contractor may submit a request for a change to the Architect through Construction 
Manager. 

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 Division 01 Section "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. 

1.5 ADMINISTRATIVE CHANGE ORDERS 

A. Allowance Adjustment:  See Division 01 Section "Allowances" for administrative procedures 
for preparation of Change Order Proposal for adjusting the Contract Sum to reflect actual costs 
of allowances. 

1.6 CHANGE ORDER PROCEDURES 

A. On Owner's approval of a Proposal Request response, Architect will issue a Change Order for 
signatures of Owner, Architect, Construction Manager and Contractor . 
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1.7 CONSTRUCTION CHANGE DIRECTIVE 

A. Construction Change Directive:  Architect may issue a Construction Change Directive.  
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 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. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 26 00 
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SECTION 01 29 00 - PAYMENT PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

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

1.3 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. 

B. AIA Document: Current, authorized editions of standard forms issued by the American Institute 
of Architects (AIA).  

1. Where AIA Documents are identified in this Section, the use of facsimiles of AIA 
documents or non-AIA documents is prohibited. 

1.4 SCHEDULE OF VALUES 

A. Submit the schedule of values to Architect through Construction Manager at earliest possible 
date, but no later than fourteen days before the date scheduled for submittal of initial 
Applications for Payment. 

B. Format and Content:   

1. Use AIA Document G703 as form for schedule of values, with entries typewritten. 

2. Identification:  Include the following Project identification on the schedule of values: 

a. Project name and location. 
b. Architect's project number. 
c. Contractor's name and address. 
d. Date of submittal. 

3. Use the Project Manual table of contents as a guide to establish line items for the 
schedule of values.  Provide line item(s) for each Specification Section.  
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4. Arrange the schedule of values to indicate the following for each item listed, completing 
columns A, B and C of AIA Document G703: 

a. Column A: Indicate Specification Section number. 
b. Column B: Indicate Specification Section title, and provide separate line items for 

labor and materials. 
c. Column C: Provide separate line item dollar values for labor and materials. Round 

amounts to nearest whole dollar. 

5. Provide a breakdown of the Contract Sum in enough detail to facilitate continued 
evaluation of Applications for Payment.  In addition to line items for each applicable 
specification section, include the following: 

a. Multiple line items for amounts in excess of five percent of Contract Sum, broken 
out to subcomponents equaling not greater than five percent each. 

b. Project Startup:  

1) Include separate line items for project startup requirements, including the 
following separate line items: 

a) Insurance, based on actual invoice amount. 
b) Performance and payment bonds, based on actual invoice amount. 
c) Mobilization. 
d) Temporary facilities and controls. 

 
c. Allowances:  Provide a separate line item in the schedule of values for each 

allowance.  
 

d. Submittals:  Include a minimum of Two percent of Contract Sum. 
 

e. Supervision: Include a minimum of Two percent of Contract Sum. 
 

f. Safety and Field Reports: Include a minimum of One percent of Contract Sum. 

g. Coordination Drawings: Provide a separate line item in the schedule of values for 
Coordination Drawings. Include a minimum of the following percentages of 
Contract Sum.  

1) Mechanical Contract:  Two percent of the Contract Sum. 
2) All Other Contracts:  One percent of the Contract Sum. 

h. Meetings: Provide a separate line item in the schedule of values for Contractor 
attendance at meetings.  Include a minimum of Two percentage of Contract Sum. 

i. Wood Blocking: Provide a separate line item in the schedule of values for wood 
blocking. 

j. Testing and Balancing (TAB): Mechanical Contract to include a minimum of Two 
percent as separate line items for testing and balancing requirements, as follows: 

1) Pre-TAB activities (20 percent of TAB). 
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2) TAB activities (40 percent of TAB). 
3) Final TAB reports. (40 percent of TAB). 

k. Punch List:  Two percent of Contract Sum. 

l. Project Closeout:  

1) Include separate line items for project closeout requirements, as follows: 

a) Demobilization. 
b) Warranties. 
c) Final cleaning. 
d) Operation and maintenance manuals. 
e) Project record documents. 
f) Demonstration and training. 

2) The total value of all project closeout line items shall equal to not less than 
the following:  

a) Three percent of the Contract Sum. 

6. Each item in the schedule of values shall be complete.  Include total cost and 
proportionate share of general overhead and profit for each item. 

1.5 APPLICATIONS FOR PAYMENT 

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

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 
Construction Manager. 

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. Construction Manager will return 
incomplete applications without action. 

1. Entries shall match data on the schedule of values. 
2. Include amounts for work completed following previous Application for Payment, 

whether or not payment has been received.   
3. Include amounts of fully-executed Change Orders and Construction Change Directives 

issued before last day of construction period covered by application. 
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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. Enter in column F (Materials Presently Stored) of AIA Document G703 the value of 
materials presently stored for which payment is sought. Recalculate the total of the 
column at the end of each pay period. This value covers both materials newly stored for 
which payment is sought and materials previously stored which are not yet incorporated 
into the Project.  Payment by the Owner for stored materials does not result in a 
deduction from this column. Only as materials are incorporated into the Project is their 
value deducted from this column and incorporated into column E (Work Completed--
This Period.). 

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

3. 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. 

F. Transmittal:  Submit three signed and notarized original copies of each Application for Payment 
to Construction Manager.  

G. Initial Application for Payment:  Administrative actions and submittals 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. Certificates of insurance and insurance policies. 
5. Performance and payment bonds. 

H. Final Payment Application:  Submit final Application for Payment with releases and supporting 
documentation not previously submitted and accepted, including, but not limited to, two 
originals and two copies each of the following: 

1. AIA Document G706, "Contractor's Affidavit of Payment of Debts and Claims." 
2. AIA Document G706A, "Contractor's Affidavit of Release of Liens." 
3. AIA Document G707, "Consent of Surety to Final Payment." 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 29 00 
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SECTION 01 31 00 - PROJECT MANAGEMENT AND COORDINATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

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

1. General coordination procedures. 
2. Digital data files. 
3. Coordination drawings. 
4. Owner’s Project Representative activities. 
5. Electronic form procedures. 
6. Requests for Information (RFIs). 
7. Project meetings. 

1.3 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, which depend on each other for proper 
installation, connection, and operation. 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. 

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. 

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

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

B. 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. Installation and removal of temporary facilities and controls. 
3. Project meetings. 
4. Project closeout activities. 
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C. 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. 

1.4 DIGITAL DATA FILES 

A. Architect's Digital Data Files:  Upon request, and at Architect’s sole discretion, electronic 
copies of the Contract Drawings may be provided by Architect for Contractor's use in preparing 
submittals. 

1. Architect may furnish Contractor digital data drawing files of the Contract Drawings for 
use in preparing Shop Drawings. 

a. Architect makes no representations as to the accuracy or completeness of digital 
data drawing files as they relate to the Contract Drawings. 

b. Format:  The Contract Drawings may be available in AutoCAD and .pdf formats. 

1) Architect’s charge for drawings in AutoCAD format:  $50 per drawing. 
2) Architect’s charge for drawings in .pdf format:  $50 per request. 

c. Contractor shall fill out and submit a Request for Electronic Drawing Files form 
included in Project Manual for any drawing files. 

d. Contractor shall also execute a Terms of Electronic File Transfer (TOFT) included 
in Project Manual for any drawing files furnished in AutoCAD format. 

e. The following drawings may be furnished for the appropriate discipline: 

1) Site base file drawings. 
2) Floor plans. 
3) Reflected ceiling plans. 

1.5 COORDINATION DRAWINGS 

A. Each Contractor: 

1. Participate in the Coordination Drawing process as required to ensure work is 
coordinated with associated Contractors to fulfill the scope and schedule of the project. 
Contractors with work in areas where more than one Contractor has Contract Work must 
participate in coordination process for that area of work. 

2. Architect will furnish Contractor with digital media copies of architectural, structural, 
mechanical, plumbing, and electrical base information, not including drawing sheets or 
details, as indicated in paragraph 1.4.A.1.b, upon providing Architect with a fully-
executed indemnification agreement. 
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3. At an initial coordination meeting scheduled by the Mechanical Contractor  and 
Construction Manager and Architect in accordance with schedule defined in Division 01 
Section Multiple Project Summary – Project Schedule, coordinate the schedule of the 
creation and revision of Coordination Drawings with the Architect, Construction 
Manager, Owner, and involved Contractors as required to meet the construction schedule. 

4. Revise Coordination Drawings identifying work of applicable Contract that requires 
coordination with building systems or that presents potential interference with existing 
construction or construction provided by another Contractor. Examples of these 
components and work include (but are not limited to): 

a. Systems located above ceilings or integrated into ceiling system such as ducts, 
piping, lighting, cable trays, electrical conduits, joist cross bracing, structure, 
supports, fire protection systems, diffusers, grilles, access doors, etc. 

b. Components of systems installed on roofs requiring roof penetrations, structural 
support, lightning protection, etc. 

c. Components suspended or otherwise inside spaces such as gymnasium backstops, 
light fixtures, ducts, gymnasium dividers, web spaces of trusses with duct/pipe, 
etc. 

d. Clearances required for service access or by codes. Show service access locations 
including brief note such as “service access to filters”. 

e. Equipment located adjacent to building that may need coordination with 
landscaping such as dust collectors, transformers, gas metering stations, chillers 
and condensing units, pads, louvers, etc. 

5. Resolution of Conflicts and Interferences: 

a. Schedule additional coordination meetings through Construction Manager with 
Architect, Owner, and other Contractors and attend additional coordination 
meetings as required to fully resolve conflicts and complete process. 

b. Review draft revisions of respective trades and Owner at subsequent coordination 
meetings with involved parties. Resolve conflicts and interferences at these 
meetings. 

c. Reposition proposed locations of components and equipment in applicable 
Contracts as required to resolve conflicts and address Owner’s serviceability 
concerns after review of Coordination Drawings. For exposed work, adjust and 
coordinate configuration of components to achieve aesthetics consistent with the 
scope of the Project without increase in Contract Sum. 
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d. Notify Construction Manager, Architect, Owner’s Representative, and affected 
Contractors in case of unresolved interferences or conflicts prior to installation of 
construction. Schedule meetings and take other measures to resolve interferences 
or conflicts and revise applicable Coordination Drawings as required.  Re-process 
revised Coordination Drawings in accordance with “Processing of Coordination 
Drawings” below to ensure all Contractors are aware of revisions in Coordination 
Drawings. 

e. When all conflicts have been resolved on each complete Coordination Drawing, 
each applicable Contractor shall digitally sign and date the drawings, and deliver to 
the Mechanical Contractor for additional distribution. A copy of the signed 
originals will be stored in the Construction Manager’s jobsite offices for reference 
for the duration of the construction. 

f. Each Contractor will be provided with a copy of each coordination drawing and 
may transcribe additional information from the copies stored in the Construction 
Manager’s jobsite offices. 

6. Do not proceed with work in Contract in each area until agreement is reached with all 
Contractors and the Construction Manager, Architect and Owner on exact arrangements 
for each room or area, unless otherwise directed by the Construction Manager, Architect 
or Owner. 

a. If Contractor proceeds prior to resolving conflicts and receiving above agreement 
or direction and conflicts ensue as a result, Contractor must  modify installed 
construction as required to permit other Contractors to proceed with coordinated 
installation at no change in Contract Sum. 

B. Mechanical Contract: 

1. In accordance with the Coordination Drawing creation schedule agreed to as described 
above, prepare and distribute Coordination Drawings as specified in the Division 23 
Sections “Common Work Results for HVAC” and “Ductwork”, for all areas with any 
construction work, including indoor areas and rooms, roofs, and near building areas with 
mechanical equipment. Consider construction of other Contracts as shown in Contract 
Documents to avoid conflicts. Prepare and revise the Coordination Drawings in the order 
and within the schedule agreed upon. 

2. Coordinate the scheduling of coordination meetings with the project schedule  
Construction Manager, Architect, involved Contractors, and Owner. Schedule the 
meetings at the agreed upon schedule. 

3. Deliver one electronic file in format as required elsewhere and as agreed to at the initial 
coordination meeting, of each Coordination Drawing simultaneously to Construction 
Manager, Architect, Owner, and each Contractor listed below and obtain written dated 
receipts from other contractors. Include electronic copy to Electrical Contractor, to 
become “Complete Coordination Drawing” for subsequent distribution and complete 
final coordination documentation as described below. Submit copy of receipts to 
Architect and Construction Manager. 
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4. Duplicate and deliver final complete drawings as required by Division 23 Section 
“Ductwork.” 

C. Contractors other than Mechanical Contractor: 

1. Obtain Coordination Drawings and prepare draft revisions to Coordination Drawings 
showing applicable work of respective Contract and indicating perceived conflicts,  
proposed resolution of conflicts with existing conditions and construction of other 
Contracts as shown in Coordination Drawings. 

2. Revise the Coordination Drawings in the order and within the schedule agreed upon. 

3. Obtain Complete Coordination Drawing prints and revise showing components and work 
of applicable Contract including resolution of conflicts with construction of other 
Contracts as agreed to and as shown on revised draft Coordination Drawings. 

4. Processing of Coordination Drawings:  Receive, revise, and deliver Complete 
Coordination Drawings initially prepared by Mechanical Contractor according to the 
following sequence as applicable to Project.  

5. Each Contractor: Obtain written dated receipt from subsequent recipient of Complete 
Coordination Drawings and submit copy of receipts to Architect and Construction 
Manager: 

a. Mechanical Contract. 
b. General Contract. 
c. Electrical Contract. 

1.6 OWNER’S PROJECT REPRESENTATIVE ACTIVITIES 

A. Project Representative shall: 

1. Serve as liaison between Architect, Contractors and Owner. 

2. Perform on-site observations of the progress and quality of the Work as may be 
reasonably necessary to assist the Architect determine, in general, if the Work is being 
performed in a manner indicating that the Work when completed will be in conformance 
with the Contract Documents. Notify the Architect if, in the Project Representative's 
opinion, Work does not conform to the Contract Documents or requires special 
inspection or testing. 

3. Monitor the Contractor's construction schedules on an ongoing basis and alert the 
Architect to conditions that may lead to delays in completion of the Work. 

4. Coordinate shared access to work areas.  

5. Coordinate and issue written approvals for acceptable interruptions of utilities and 
potentially disruptive activities. 

6. Receive and review suggestions proposed by the Contractor, and submit them, together 
with recommendations, to the Architect. 
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7. Attend all meetings and report to the Architect on the proceedings. 

8. Notify Architect when tests required by the Contract Documents and inspections by 
authorities having jurisdiction will be performed. Observe tests required by the Contract 
Documents and inspections by authorities having jurisdiction. Record and report to the 
Architect on test procedures, inspections, and results. Verify testing is performed in 
accordance with specified requirements and at appropriate times. 

9. Maintain records at the construction site in an orderly manner, including correspondence, 
Contract Documents, Change Orders, Construction Change Directives, reports of 
meetings, Shop Drawings, Product Data and similar submittals; supplementary drawings, 
color schedules and requests for payment; and names, addresses telephone numbers, and 
email addresses of the Contractors, Subcontractors and principal material suppliers. 

10. Maintain a daily log of activities at the site, including weather conditions, nature and 
location of Work being performed, verbal instructions and interpretations given to the 
Contractor, and specific observations. Record any occurrence or Work that might result 
in a claim for a change in Contract Sum or Contract Time. Maintain a list of visitors, their 
titles, and time and purpose of their visit. 

11. Notify the Architect if any portion of the Work requiring Shop Drawings, Product Data 
or Samples is commenced before such submittals have been approved by the Architect. 
Receive and log Samples required at the site, notify the Architect when they are ready for 
examination, record the Architect’s action and maintain custody of approved Samples. 

12. Review the Contractor's record copy of the Drawings, Specifications, Addenda, Change 
Orders and other Modifications at intervals appropriate to the stage of construction and 
notify the Architect of any apparent failure by the Contractor to maintain up-to-date 
records. 

13. Review Applications for Payment and forward to the Architect with recommendations for 
disposition. 

14. Assist the Architect in conducting inspections to determine the date or dates of 
Substantial Completion and the date of final completion. 

15. Assist the Architect in receipt and transmittal to the Owner of documentation required of 
the Contractor at completion of the Work. 

B. Project Representative shall not: 
 

1. Authorize deviations from the Contract Documents. 

2. Approve submittals or substitute materials or equipment. 

3. Personally conduct or participate in tests or third party inspections. 

4. Assume any of the responsibilities of the Contractor's superintendent or of 
Subcontractors. 

5. Expedite the Work for the Contractor. 
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6. Have control over or charge of or be responsible for construction means, methods, 
techniques, sequences or procedures, or for safety precautions and programs in 
connection with the Work. 

7. Authorize or suggest that the Owner occupy the Project in whole or in part. 

1.7 ELECTRONIC FORM PROCEDURES 

A. Use Architect's electronic form procedures for the following functions: 

1. Request for Information (RFI) forms and logs. 
2. Architect’s Supplemental Instruction (ASI) forms and logs. Refer to Division 01 Section 

“Contract Modification Procedures”. 
3. Proposal Request (PR) forms and logs. Refer to Division 01 Section “Contract 

Modification Procedures”. 

B. Contractor and other parties granted access by the Architect to Project electronic form 
procedures shall follow instructions issued by the Architect during the preconstruction 
conference. 

1.8 REQUESTS FOR INFORMATION (RFIs) 

A. General:  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, via 
the electronic form procedures outlined. 

1. Coordinate and submit RFIs in a prompt manner so as to avoid delays in Contractor's 
work or work of others. 

B. Content of the RFI:  Include a detailed description of item needing information or interpretation 
and the following: 

1. Project number. 

2. RFI number. 

3. Contract number and title. 

4. Name of Contractor. 

5. Name of Contractor’s contact person. 

6. Email address of Contractor’s contact person. 

7. RFI subject. 

8. Question: Fully describe question or information requested. Include: 

a. Specification Section number and title and related paragraphs, as appropriate. 
b. Drawing number and detail references, as appropriate. 
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c. Field dimensions and conditions, as appropriate. 
d. Contractor's suggested resolution.  If Contractor's solution impacts the Contract 

Time or the Contract Sum, Contractor shall state impact in the RFI. 

9. 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. 

C. Architect's Action:  Architect will review each RFI, determine action required, and respond.  
Allow reasonable time for Architect's response for each RFI.   

1. The following RFIs will be returned without action: 

a. Requests for approval of submittals. 
b. Requests for approval of substitutions. 
c. Requests for coordination information already indicated in the Contract 

Documents. 
d. Requests for adjustments in the Contract Time or the Contract Sum. 
e. Requests for interpretation of Architect's actions on submittals. 
f. Incomplete RFIs or inaccurately prepared RFIs. 

2. Architect's action may include a request for additional information. 

3. 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 Change Proposal according to 
Division 01 Section "Contract Modification Procedures." 

a. If Contractor believes the RFI response warrants change in the Contract Time or 
the Contract Sum, notify Architect and Construction Manager in writing within 
seven days of receipt of the RFI response. 

D. On receipt of Architect's action, immediately distribute the RFI response to affected parties.  
Review response and notify Architect and Construction Manager within seven days if 
Contractor disagrees with response. 

E. Electronic RFI Log: Architect will maintain a tabular log of RFIs organized by RFI number. 

1.9 PROJECT MEETINGS 

A. Preconstruction Conference:  Construction Manager will schedule and conduct a 
preconstruction conference before starting construction, at a time convenient to Owner, 
Construction Manager and Architect, but no later than 15 days after date of Notice of Award. 

1. Attendees:  Authorized representatives of Owner, Construction Manager, Architect, and 
their consultants; Contractor and its superintendent; and other concerned parties shall 
attend the conference.  Participants at the conference shall be familiar with Project and 
authorized to conclude matters relating to the Work. 
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2. Agenda:  Discuss items of significance that could affect progress, including the 
following: 

a. Designation of key personnel and their duties. 
b. Lines of communications. 
c. Bonds and insurance. 
d. Subcontract list. 
e. Schedule of values. 
f. Payment request estimate. 
g. Applications for Payment. 
h. Contractor’s construction schedule. 
i. Submittals. 
j. Electronic form procedures (RFIs, ASIs, PRs). 
k. Procedures for processing Change Orders and Construction Change Directives. 
l. Quality control. 
m. Adjoining properties. 
n. Project schedule. 
o. Contractor review of Contract Documents, including Drawings and Specifications. 
p. Project meetings. 
q. Project closeout procedures. 
r. Electronic drawings. 
s. AIA and Word documents. 

3. Report:  Construction Manager will prepare and distribute meeting report. 

B. Site Preconstruction Conference:  Construction Manager will schedule and conduct a site 
preconstruction conference, at a time convenient to Owner, Construction Manager and 
Architect. 

1. Attendees:  Authorized representatives of Owner, Owner’s testing agency, Construction 
Manager, Architect, and their consultants; Geotechnical Engineer of Record; Contractor 
and its superintendent; and other concerned parties shall attend the conference.  
Participants at the conference shall be familiar with Project and authorized to conclude 
matters relating to the Work. 

2. Agenda:  Discuss items of significance, including the following: 

a. Designation of key personnel and their duties. 
b. Lines of communication. 
c. Electronic form procedures (RFIs, ASIs, PRs). 
d. Submittal procedures. 
e. Subcontracts. 
f. Construction schedule. 
g. Temporary facilities and controls. 
h. Use of premises. 
i. Permits. 
j. Soil erosion and sediment control. 
k. Tree protection. 
l. Procedures for testing and inspecting. 
m. Roles and responsibilities of each party. 
n. Topsoil. 
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o. Seeding/sodding. 
p. Planting. 
q. Concrete. 
r. Retaining walls. 
s. Planting islands. 
t. Railings. 
u. Staging removal. 
v. Track/synthetic turf. 

3. Report:  Construction Manager will prepare and distribute meeting report. 

C. Structural Preconstruction Conference:  Construction Manager will schedule and conduct a 
structural preconstruction conference, at a time convenient to Owner, Construction Manager 
and Architect. 

1. Attendees:  Authorized representatives of Owner, Owner’s testing agency, Construction 
Manager, Architect, and their consultants; Geotechnical Engineer of Record; Contractor 
and its superintendent; and other concerned parties shall attend the conference.  
Participants at the conference shall be familiar with Project and authorized to conclude 
matters relating to the Work. 

2. Agenda:  Discuss items of significance, including the following: 

a. Procedures for testing and inspecting. 
b. Submittals. 
c. Testing, placing, curing and finishing structural concrete. 
d. Hot/cold weather concrete construction. 
e. Fabrication and erection of structural steel. 
f. Attaching metal floor and roof deck, as applicable. 
g. Procedures for constructing composite slabs, as applicable. 
h. Procedures for unit masonry control joints, grouting, and workmanship. 
i. Hot/cold weather masonry construction. 
j. Cold formed metal framing. 
k. Roles of each party regarding the above work items. 

3. Report:  Construction Manager will prepare and distribute meeting report. 

D. Preinstallation Conferences:  Conduct a preinstallation conference at Project site before each 
construction activity that requires coordination with other construction. 

1. Review each Specification Section for requirements for preinstallation conferences. 

a. No later than 15 days after date of Notice of Award, submit to Architect complete 
listing of preinstallation conferences to be held.  

2. 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, Construction Manager and Project Representative of scheduled meeting dates. 
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3. Agenda:  Review progress of other construction activities and preparations for the 
particular activity under consideration, including requirements for the following: 

a. Contract Documents. 
b. Deliveries. 
c. Submittals. 
d. Review of mockups. 
e. Time schedules. 
f. Weather limitations. 
g. Manufacturer's written instructions. 
h. Warranty requirements. 
i. Compatibility of materials. 
j. Acceptability of substrates. 
k. Temporary facilities and controls. 
l. Space and access limitations. 
m. Testing and inspecting requirements. 
n. Installation procedures. 
o. Coordination with other work. 
p. Required performance results. 
q. Protection of adjacent work. 

4. Record significant conference discussions, agreements, and disagreements, including 
required corrective measures and actions. 

5. Reporting:  Distribute report of the meeting to each party present and to other parties 
requiring information. 

6. 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. 

E. Slab Pre-Pour Conference:  Construction Manager will schedule and conduct a slab pre-pour 
conference, at a time convenient to Owner, Construction Manager and Architect, but no later 
than seven days before the first slab pour. 

1. Attendees:  Authorized representatives of Owner, Owner’s testing agency, Construction 
Manager, Architect, and their consultants; Contractor and its superintendent; and other 
concerned parties shall attend the conference.  Participants at the conference shall be 
familiar with Project and authorized to conclude matters relating to the Work. 

2. Agenda:  Discuss items of significance, including the following: 

a. Schedule. 
b. Procedures for testing and inspecting. 
c. Procedures for sub-base preparation. 
d. Concrete mix designs. 
e. Concrete delivery. 
f. Placing, curing, finishing, and protecting concrete. 
g. Slab joints. 
h. Slab flatness and levelness. 
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3. Report:  Construction Manager will prepare and distribute meeting report. 

F. Progress Meetings:  Construction Manager will conduct progress meetings at regular intervals, 
unless otherwise necessitated. 

1. Attendees:  In addition to representatives of Owner, Construction Manager, 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. 

2. Agenda:  Review report of previous progress meeting.  Review other items of 
significance that could affect progress.  Include topics for discussion as appropriate to 
status of Project. 

a. Review present and future needs of each entity present, including the following: 

1) Report of progress since previous meeting. 

2) Architect/Engineer discussion items. 

3) Status of ASIs, PRs, Change Orders. 

4) Status of submittals. 

5) 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.   

a) 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. 

b) Review schedule for next period. 

6) Date of Substantial Completion. 

7) Status of RFIs. 

8) Owner discussion items. 

9) Discussion items for each Contract. 

10) General and administrative items, including such items as: 

a) Project documentation. 
b) Prohibitions. 
c) Identification cards. 
d) Separation. 
e) Egress. 
f) Conservation. 
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3. Report:  Construction Manager will prepare and distribute the meeting report to each 
party present and to parties requiring information. 

G. Health and Safety Committee Meetings: Owner will conduct health and safety committee 
meetings as needed, in accordance with requirements of Regulations of the Commissioner of 
Education, Part 155 (8 NYCRR 155), Section 155.5(c)(2). 

1. Attendees: In addition to representatives of the Owner and Construction Manager, each 
contractor 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. 

2. Agenda: Discuss items of significance, including the following: 

a. Health and safety matters related to the construction project. 

3. Report: Owner will prepare and distribute meeting report to each party present and to 
parties requiring information. 

H. Project Closeout Conference:  Construction Manager will schedule and conduct a project 
closeout conference, at a time convenient to Owner, Construction Manager and Architect, but 
no later than 30 days prior to final scheduled date of Substantial Completion. 

1. Attendees:  Authorized representatives of Owner, Construction Manager, Architect, and 
their consultants; Contractor and its superintendent; 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. 

2. 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. Owner's occupancy requirements. 
h. Responsibility for removing temporary facilities and controls. 

3. Report:  Construction Manager will prepare and distribute meeting report. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 
 
Attachment: Request for Electronic Drawing Files 
    Terms of Electronic File Transfer (TOFT) 

END OF SECTION 01 31 00 
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SECTION 01 32 00 - CONSTRUCTION PROGRESS DOCUMENTATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for documenting the progress of 
construction during performance of the Work, including the following: 

1. Contractor's construction schedule. 
2. Reports. 

1.3 INFORMATIONAL SUBMITTALS 

A. Contractor's Construction Schedule:  Initial schedule, of size required to display entire schedule 
for entire construction period. Follow format outlined in attachment at end of this Section. 

B. Site Condition Reports:  Submit at time of discovery of differing conditions. 
C. Special Reports:  Submit at time of unusual event. 

1.4 COORDINATION 

A. Secure time commitments for performing critical elements of the Work from entities involved. 
B. Coordinate each construction activity in the network with other activities and schedule them in 

proper sequence. 

1.5 CONTRACTOR’S CONSTRUCTION SCHEDULE, GENERAL 

A. Time Frame:  Extend schedule from date established for commencement of the Work to date of 
final completion. 

B. Contract completion date shall not be changed by submission of a schedule that shows an early 
completion date, unless specifically authorized by Change Order. 

1.6 CONTRACTOR’S CONSTRUCTION SCHEDULE (GANTT CHART) 

A. Gantt-Chart Schedule:  Submit a comprehensive, horizontal, Gantt-chart-type, Contractor's 
construction schedule per requirements of Division 01 Section “Multiple Contract Project 
Summary – Project Schedule”. 

1. Format: Refer to accompanying “Format for Construction Schedule”. 

01 32 00 
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B. Preparation:  Indicate each significant construction activity separately, by Specification Section, 
coordinated with the schedule of values. Provide line item(s) for each Specification Section.   

C. Schedule Updating:  At weekly intervals, update schedule to reflect actual construction progress 
and activities.   

D. Distribution:  Distribute copies of approved schedule to Architect, Construction Manager, 
Owner, separate contractors, testing and inspecting agencies, and other parties  with a need-to-
know schedule responsibility. 

1. When revisions are made, distribute updated schedules to the same parties.   

1.7 REPORTS 

A. Site Condition Reports:  Immediately on discovery of a difference between site conditions and 
the Contract Documents, prepare and submit a detailed report.    Include a detailed description 
of the differing conditions, together with recommendations for changing the Contract 
Documents. 

B. Special Reports:  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.   

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

Attachment: Format for Construction Schedule 

END OF SECTION 01 32 00 
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SECTION 01 32 00 - PROJECT SCHEDULE - Attachment #1 
  
 FORMAT FOR  

CONSTRUCTION SCHEDULE  
 

(Refer to SECTION 01 32 00, Article 2.2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Format 
 

 
 

Provide separate bar for each item in sequential order from beginning of Project to completion with the 
following information included for each item: 

 
Related Technical Specification number. 
Distinct graphic delineation, indicating area of building where schedule item in located. 
Shop drawing submittal date and required acceptance date. 
Product procurement date and anticipated delivery date. 
Projected start and completion dates for each item. 
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SECTION 01 32 00 - PROJECT SCHEDULE - Attachment #1 
   
 FORMAT FOR  

CONSTRUCTION SCHEDULE  
 

(Refer to SECTION 01 32 00, Article 2.2) 
 
 
 
 

 
 
 

Sample 
 
 
 
 

Provide separate bar for each item in sequential order from beginning of Project to completion with the 
following information included for each item: 

 
Related Technical Specification number. 
Distinct graphic delineation, indicating area of building where schedule item in located. 
Shop drawing submittal date and required acceptance date. 
Product procurement date and anticipated delivery date. 
Projected start and completion dates for each item. 
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SECTION 01 33 00 - SUBMITTAL PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes requirements for the administrative and procedural requirements for submitting 
Shop Drawings, Product Data, Samples, and other submittals. 

1. Process designated submittals for the Project electronically through designated Electronic 
Submittal System.  PDF files must be opened, viewed, modified and printed using Adobe 
Acrobat PDF software to view reviewer comments/stamps. 

1.3 DEFINITIONS 

A. Action Submittals:  Written and graphic information and physical samples that require 
Architect's and Construction Manager’s responsive action.  Action submittals are those 
submittals indicated in individual Specification Sections as "action submittals." 

B. As-Specified Products: Products to be incorporated into Project as specified by manufacturer 
name and product designation and including all options in Part 2 of technical specifications, 
intended to be installed as specified in Part 3 of technical specifications, and from a product 
category specifically identified as eligible to be considered as an “as-specified product” in the 
Action Submittals Article in Part 1 of technical specifications. 

C. Informational Submittals:  Written and graphic information and physical samples that do not 
require Architect's and Construction Manager’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." 

D. 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. 

E. Electronic Submittal System: A method to transmit certain electronic submittals between the 
Contractor, Construction Manager, Architect, and Owner, using Submittal Exchange website 
service. 

1. For consistency, the standard file format will be PDF. Convert paper originals and other 
file formats to PDF prior to submission. 

2. In the event of system malfunction, process submittals in accordance with the Architect’s 
instructions, until the system malfunction has been corrected. 

01 33 00 
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3. For this Project, process the following submittal types through the designated electronic 
submittal system: 

a. Product Data. 
b. Sustainable Design Submittals. 
c. Shop Drawings. 
d. Product Schedules. 
e. Qualification Data. 
f. Certificates (Welding, Installer, Manufacturer, Product, and Material, as 

applicable). 
g. Test Reports (Material, Product, Preconstruction, Compatibility, and Field, as 

applicable). 
h. Research Reports. 
i. Warranty (sample). 
j. Design Data, including calculations. 
k. Coordination Drawings. 
l. Delegated-Design Services Certifications. 

4. For Samples, provide electronic submittal of Sample cover sheet, identifying location and 
actual delivery date of Samples. Deliver Samples to location (Architect’s office, Project 
site, etc.) as directed by the Architect. 

1.4 COLOR SCHEDULE 

A. Color Schedule: Within 30 days after date of Notice of Award, submit a complete list of 
proposed manufacturers and complete product designations (i.e. model, grade, series, product 
line, etc.) for each item requiring color selection by Architect. 

1.5 SUBMITTAL ADMINISTRATIVE REQUIREMENTS 

A. 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. Where indicated, submit all submittal items required for each Specification Section 
concurrently. 

3. 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 and Construction Manager reserve the right to withhold action on a 
submittal requiring coordination with other submittals until related submittals are 
received. 
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B. Processing Time:  Allow sufficient time for submittal review, including time for resubmittals.  
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. 

C. Electronic Submittals:  Identify and incorporate information in each electronic submittal file as 
follows: 

1. Include a cover sheet on each submittal item for identification. Do not combine different 
submittals under same cover sheet; only one submittal is to be provided per email. 

a. Cover Sheet Form: Use PDF version of sample form included in Project Manual. 
Complete each item on form, sign and date. Architect will furnish PDF version of 
sample form. 

2. Name submittal file as directed by Architect. 

3. Transmit each submittal via Electronic Submittal System. 

4. Transmit each submittal to Architect using the Submittal Exchange website 
www.submittalexchange.com. 

D. Resubmittals:  Make resubmittals in same form and, for non-electronic submittals, in the same 
number of copies as initial submittal. 

1. Note date and content of revision in label or title block and clearly indicate extent of 
revision. 

2. Resubmit submittals until they are marked with approval notation from Architect and 
Construction Manager. 

3. Refer to the General Conditions for provisions allowing Owner to obtain reimbursement 
from the Contractor for amounts paid to the Architect for evaluation of certain 
resubmittals. 

E. Distribution:  Furnish copies of final submittals to manufacturers, subcontractors, suppliers, 
fabricators, installers, authorities having jurisdiction, and others as necessary for performance of 
construction activities.   

F. Use for Construction:  Retain complete electronic copies of submittals on Project site during 
Construction.  Also maintain one complete set of hard paper copies of all approved submittals 
on Project site during Construction.  Use only final action submittals that are marked with 
approval notation from Architect and Construction Manager. 

G. Use of As-Specified Verification Form: The As-Specified Verification Form is intended to 
reduce certain action submittal paperwork for select products to be incorporated into the Work. 
If product to be incorporated into Project is specified by name and product designation in Part 2 
of the Technical Specification Section and is from a product category specifically identified as 
eligible to be considered as an “as-specified product” in the Action Submittals Article in Part 1 
of technical specifications, submit “As-Specified Verification Form” attached to this 
Specification Section. 
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1.6 ENVIRONMENTAL REQUIREMENTS 

A. All products provided for use in construction of this Project are to be free of asbestos.  Refer to 
Division 01 Section “Closeout Procedures” for certification required to be provided.  The 
Owner may provide random testing of installed products/ construction for asbestos content.  
Any Contractor-installed product found to contain asbestos shall be classified as defective work.  
Defective work shall be corrected by the Contractor as specified in the General Conditions. 

1.7 SUBMITTAL PROCEDURES, GENERAL 

A. General Submittal Procedure Requirements:  Prepare and submit submittals required by 
individual Specification Sections.  Types of submittals are indicated in individual Specification 
Sections. 

1.8 ELECTRONIC SUBMITTAL REQUIREMENTS 

A. Use the designated electronic submittal system for submittals in this Article. 

1. Review and apply electronic stamp certifying that the submittal complies with the 
requirements of the Contract Documents including verification of manufacturer / product, 
dimensions and coordination of information with other parts of the work.   

2. Transmit each submittal to Construction Manager and Architect using the Submittal 
Exchange website, www.submittalexchange.com. 

3. For Action Submittals, Architect / Engineer and Construction Manager review comments 
will be made available on the Submittal Exchange website for downloading.  Contractor 
will receive email notice of completed review. 

4. Distribution of reviewed submittals to subcontractors and suppliers is the responsibility 
of the Contractor. 

5. After award of contract, training will be provided by Submittal Exchange regarding use 
of website and PDF submittals.  Contact Submittal Exchange at 1-800-714-0024. 

6. Internet Service and Equipment Requirements: 

a. Email address and Internet access at Contractor’s main office.   
b. Adobe Acrobat (www.adobe.com), for applying electronic stamps and comments. 

7. Contractor shall bear the cost of the Submittal Exchange project subscription. 

8. Retain one electronic copy of all approved submittals, as part of the project records 
required at Project Closeout.    

9. Tetra Tech Architects and Engineers will be the Submittal Exchange Project Leader and 
Subscriber. 
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B. Product Data:  Collect information into a single submittal for each element of construction and 
type of product or equipment. 

1. Mark submittal to show which products and options are applicable. 

2. Include the following information, as applicable: 

a. Manufacturer's catalog cuts. 
b. Statement of compliance with specified referenced standards. 
c. Testing by recognized testing agency. 

3. For equipment, include the following in addition to the above, as applicable: 

a. Printed performance curves. 
b. Clearances required to other construction, if not indicated on accompanying Shop 

Drawings. 

C. As-Specified Submittals: Complete the “As-Specified Verification Form”. 

1. Refer to the Action Submittals Article of technical specification sections. If the product to 
be incorporated into the Project is an “as-specified product” as defined in this Section, 
then submit “As-Specified Verification Form” in lieu of Product Data, otherwise submit 
full Product Data.  

2. Do not use “As-Specified Verification Form” unless specifically indicated in technical 
specification. 

3. The “As-Specified Verification Form” alone serves as the submittal for the specific 
product and no additional action submittal data is due at the time of the submittal. The 
full specific product technical data, however, is required to be included in the Operation 
and Maintenance Manual. Comply with requirements specified in Division 01 Section 
“Operation and Maintenance Data”. 

D. 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. 

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 dimensions established by field measurement. 
e. Relationship and attachment to adjoining construction clearly indicated. 
f. Seal and signature of professional engineer if specified. 

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: 
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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. 

F. 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. 

G. Certificates: 

1. 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 or ASME forms as 
applicable.  Include names of firms and personnel certified. 

2. 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. 

3. 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. 

4. Product Certificates:  Submit written statements on manufacturer's letterhead certifying 
that product complies with requirements in the Contract Documents. 

5. Material Certificates:  Submit written statements on manufacturer's letterhead certifying 
that material complies with requirements in the Contract Documents. 

H. Test Reports: 

1. 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. 

2. 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. 

3. 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. 

4. 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. 
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5. 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. 

I. Research Reports:  Submit written evidence, from a model code organization acceptable to 
authorities having jurisdiction, that product complies with building code in effect for Project.   

J. Warranty: Submit sample warranties as required in individual Specification Sections.  

K. 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. 

L. Coordination Drawing Submittals:  Comply with requirements specified in Division 01 Section 
"Project Management and Coordination." 

M. Delegated-Design Services Certification:  Submit 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. 

1.9 SUBMITTAL REQUIREMENTS FOR COMMISSIONING 

A. Provide the Commissioning Authority with a copy of all submittals for equipment to be 
commissioned. 

1. The Commissioning Authority will review and approve Contractor submittals applicable 
to systems being commissioned for compliance with commissioning needs, concurrent 
with the Architect’s review. 

B. Data for Commissioning: 

1. Refer to the technical Division Commissioning Section for listing of systems to be 
commissioned.  Provide specific information needed about each piece of commissioned 
equipment or system in submittal as required to facilitate commissioning. Typically this 
will include detailed manufacturer installation and start-up, operating, troubleshooting 
and maintenance procedures, full details of any Ownerr-contracted tests, fan and pump 
curves, full factory testing reports, if any, and full warranty information, including all 
responsibilities of the Owner to keep the warranty in force clearly identified.  In addition, 
the installation and checkout materials that are actually shipped inside the equipment and 
the actual field checkout sheet forms to be used by the factory or field technicians for pre-
functional testing shall be submitted to the Commissioning Authority. 
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2. The Commissioning Authority may request further documentation necessary for the 
commissioning process. This data request may be made prior to submittals, during 
review, or subsequently as additional requirements become evident. 

3. Much of this information is contained in the regular Operation and Maintenance (O&M) 
manual submittals normally submitted in the Project. For commissioned projects, this 
information is typically required prior to the regular formal O&M manual submittals and 
will be duplicated therein, facilitating the later creation of the O&M manual. 

C. Contractor’s responsibility for deviations in submittals from requirements of the Contract 
Documents is not relieved by the Commissioning Authority’s review . 

1.10 NON-ELECTRONIC SUBMITTAL REQUIREMENTS 

A. 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. 

3. 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. 

4. 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 two full sets of available choices where color, 
pattern, texture, or similar characteristics are required to be selected from 
manufacturer's product line. Deliver one set to Architect’s office, deliver the other 
set to the construction trailer at the job site.   

5. 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. 
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a. Number of Samples:  Submit two sets of Samples. Deliver one set to Architect’s 
office, deliver the other set to the construction trailer at the job site.   

1) 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. 

B. 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, telephone number, and email address of entity performing subcontract or 
supplying products. 

2. Number and title of related Specification Section(s) covered by subcontract. 

3. Submit subcontract list in the following format: 

a. Number of Copies:  Four paper copies of subcontractor list, unless otherwise 
indicated.  Architect will return one copy. 

C. List of Key Personnel Names:  No later than 15 days after date of Notice of Award, submit a list 
of key personnel assignments, including superintendent and other personnel in attendance at 
Project site.   

1. Identify individuals and their duties and responsibilities; list addresses and telephone 
numbers, including emergency, office, and cellular telephone numbers and email 
addresses.  

a. Number of Copies:  Four paper copies of key personnel list, unless otherwise 
indicated.   

1.11 MISCELLANEOUS SUBMITTAL REQUIREMENTS 

A. Closeout Submittals and Maintenance Material Submittals:  Comply with requirements 
specified in Division 01 Section "Closeout Procedures." 

B. Maintenance Data:  Comply with requirements specified in Division 01 Section "Operation and 
Maintenance Data." 

1.12 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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1.13 CONTRACTOR’S REVIEW 

A. Action Submittals 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.  Identify any deviations from Contract Document 
requirements. Mark cover sheet with approval before submitting to Architect and Construction 
Manager. 

1. Sign and date statement certifying that submittal has been reviewed, checked, and 
approved for compliance with the Contract Documents. 

2. If using Adobe Acrobat to electronically sign the Submittal Cover Sheet do not use the 
Certify Sign, Time Stamp feature as this will lock the document for further editing. 

1.14 ARCHITECT’S AND CONSTRUCTION MANAGER’S ACTION 

A. General:  Architect and Construction Manager will not review submittals that do not bear 
Contractor's approval and will return them without action. 

B. Action Submittals:  Architect and Construction Manager will review each submittal, make 
marks to indicate corrections or revisions required, and return it.  Architect and Construction 
Manager will  mark submittal appropriately to indicate action, as follows: 

1. Final Unrestricted Release: Where the submittal is marked "Approved," the Work 
covered by the submittal may proceed provided it complies with the Contract Documents. 
Final acceptance will depend on that compliance. 

2. Final-but-Restricted Release: Where the submittal is marked "Approved As Noted," the 
Work covered by the submittal may proceed provided it complies both with Architect's 
notations and corrections on the submittal and the Contract Documents. Final acceptance 
will depend on that compliance. 

3. Rejected: Where the submittal is marked "Rejected," do not proceed with the Work 
covered by the submittal. Prepare a new submittal for a product that complies with the 
Contract Documents. 

4. Incomplete - Resubmit: Where the submittal is marked "Incomplete, Submit Additional 
Information," do not proceed with the Work covered by the submittal. Prepare additional 
information requested, or required by the Contract Documents, that indicates compliance 
with requirements, and resubmit. 

C. Informational Submittals:  Architect and Construction Manager will review each submittal and 
will not return it, or will return it if it does not comply with requirements.   

D. Incomplete submittals are unacceptable, will be considered nonresponsive, and will be returned 
for resubmittal without review. 

E. Limit information submitted to specific products indicated. Do not submit extraneous matter. 
Submittals containing excessive extraneous matter will be returned for resubmittal without 
review. 
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F. Submittals not required by the Contract Documents may be returned by the Architect without 
action. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

Attachments:  Tt Cover Sheet 
     As-Specified Verification Form 
     Tt Cover Sheet for Closeout Submittals (Sections 01 78 23 and 01 78 39) 
      

END OF SECTION 01 33 00 
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CONTRACTOR:   SUBMITTAL DATE          /          /  

     
 
ARCHITECT:   Tetra Tech Architects & Engineers  

PROJECT IDENTIFICATION 
 
 Architect’s  
 Project No.: 203778-21001 
   
 Proj. Name: Mahopac Public Library 
 
 Location:   
 
PRODUCT IDENTIFICATION 
 
 Specification Section No.  
 
 Name of Product:   

 
  

 
 Name of Manufacturer:   
 
SUBCONTRACTOR 
 
 
 
SUPPLIER 
 
 
 
RELATIONSHIP TO STRUCTURE 

Building 
Name    

 
 

  (Room #)    (Room Name) 
 
Contract Drawing  No.:  

 
 

RESERVED FOR USE BY TETRA TECH 
 

ACTION SUBMITTAL: 

□ Approved  

□ Approved As Noted  

□ Rejected 

□ Incomplete, Submit Additional Information 
 

INFORMATIONAL SUBMITTAL: 

□ No Action Taken 

□ Returned for Resubmittal 
 

Reviewed By:  _______________________ 
 

Date:  ______________________________ 
 

Reviewed only for the limited purpose of checking for conformance 
with information given and the design concept expressed in the Con-
tract Documents. Review not conducted for the purpose of determin-
ing the accuracy and completeness of other details such as dimensions 
and quantities, or for substantiating instructions for installation or 
performance of equipment or systems, all of which remain the respon-
sibility of the Contractor as required by the Contract Documents. 
Review shall not constitute approval of safety precautions or of any 
construction means, methods, techniques, sequences or procedures.  

DEVIATION FROM CONTRACT DOCUMENTS:   
 
 
 
CONTRACTOR COMMENTS:   
 
 
 
 
ARCHITECT’S COMMENTS:   
 
 
 
CONTRACTOR’S STAMP       CONTRACTOR’S CERTIFICATION 

I CERTIFY THAT THIS SUBMITTAL HAS BEEN REVIEWED AND APPROVED BY 
THE CONTRACTOR IN ACCORDANCE WITH THE  GENERAL CONDITIONS.  
PRODUCTS/MATERIALS ARE FREE OF ASBESTOS  AS REQUIRED BY THE 
CONTRACT DOCUMENTS. 

BY   
CONSTRUCTION MANAGER’S  CERTIFICATION 
I CERTIFY THAT THIS SUBMITTAL HAS BEEN REVIEWED AND APPROVED BY 
THE CONSTRUCTION MANAGER IN ACCORDANCE WITH THE GENERAL 
CONDITIONS. 

BY    

CM Submittal No.  
 

Check following as applicable: 

 □ First Submission 

 □ Re-Submission No.  
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As-Specified Verification Form 
 
 
 Project Number: 203778-21001 
 
 Project Title:  Mahopac Public Library 
 
 Technical  
  Specification Section:  
  (Include Section Number and Title as shown in Project Manual) 
 
 Specified Product:   
  (Include manufacturer’s name and product designation) 
 
The undersigned, hereinafter called the Contractor, hereby warrants that the Specified Product listed above will be incorporated 
into the Project in accordance with requirements specified in the Technical Specification Section identified above without modi-
fication or alteration.   

By acceptance of this form, Tetra Tech Architects & Engineers (hereinafter called Tetra Tech), agrees that limited submittals 
identified in the Technical Specification Section identified above are 
not required, unless otherwise stated in the Submittals article in the 
Technical Specification Section. 

The Contractor is advised that use of this As-Specified Verification 
Form does not relieve the Contractor from providing remaining sub-
mittal documentation required in Technical Specification sections and 
all information required in Division 1 Closeout section of the Project 
Manual or from complying with requirements of the General Condi-
tions. 

Products/Materials are free of asbestos as required by the Contract 
Documents. 
 
_________________________________________ 
(Name of Contractor) 
 
_________________________________________ 
(Authorized Signature) 
 
_________________________________________ 
(Title of Signatory) 
 
_________________________ 
(Date) 
 
 
 
 
ARCHITECT’S COMMENTS:   
 
 
 
 

RESERVED FOR USE BY TETRA TECH 
 
 
ACTION SUBMITTAL: 

□ Approved / Approved As Noted 

□ Rejected 
 

 
 
Reviewed By:  _______________________ 
 

 
Date:  ______________________________ 

 

 
 
 
Reviewed only for the limited purpose of checking for conformance 
with information given and the design concept expressed in the 
Contract Documents. Review not conducted for the purpose of 
determining the accuracy and completeness of other details such as 
dimensions and quantities, or for substantiating instructions for 
installation or performance of equipment or systems, all of which 
remain the responsibility of the Contractor as required by the Con-
tract Documents. Review shall not constitute approval of safety 
precautions or of any construction means, methods, techniques, 
sequences or procedures.  
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CONTRACTOR:   SUBMITTAL DATE          /          /  

     
 
ARCHITECT:   Tetra Tech Architects & Engineers  

PROJECT IDENTIFICATION 
 
 Architect’s  
 Project No.: 203778-21001 
   
 Proj. Name: Mahopac Public Library 
 
 Location:   
 
PRODUCT IDENTIFICATION 
 
 Specification Section No. 01 78 23 OR 01 78 39 (circle correct one) 
 
 Name of Product:  

 
 

 
 Name of Manufacturer:  
 
SUBCONTRACTOR: _______________________________ 
 
SUPPLIER:_______________________________________ 
 
 
DEVIATION FROM CONTRACT DOCUMENTS:_________________________________________________________________ 
 
________________________________________________________________________________________________________ 
 
 
CONTRACTOR COMMENTS:________________________________________________________________________________ 
 
_________________________________________________________________________________________________________ 
 
 
CONSTRUCTION MANAGER’S COMMENTS: ___________________________________________________________________ 
 
_________________________________________________________________________________________________________ 
 
 
ARCHITECT’S COMMENTS:_________________________________________________________________________________ 
 
_________________________________________________________________________________________________________ 
 
CONTRACTOR’S STAMP       CONTRACTOR’S CERTIFICATION 

I CERTIFY THAT THIS SUBMITTAL HAS BEEN REVIEWED AND 
APPROVED BY THE CONTRACTOR IN ACCORDANCE WITH THE 
GENERAL CONDITIONS. PRODUCTS/MATERIALS ARE FREE OF  
ASBESTOS AS REQUIRED BY THE CONTRACT DOCUMENTS. 
 

BY   
 
CONSTRUCTION MANAGER’S CERTIFICATION 
I CERTIFY THAT THIS SUBMITTAL HAS BEEN REVIEWED BY THE 
CONSTRUCTION MANAGER IN ACCORDANCE WITH THE GENERAL 
CONDITIONS. AND IN ACCORDANCE WITH THE CONSTRUCTION 
MANAGER’S CONTRACTUAL OBLIGATIONS WITH THE OWNER. 
 
Approved _______   Rejected_______ 
 

BY    

CM Submittal No.  

RESERVED FOR USE BY TETRA TECH 
 

 

INFORMATIONAL SUBMITTAL: 

□ No Action Taken 

□ Returned for Resubmittal 
 

Reviewed By:  _______________________ 
 

Date:  ______________________________ 
 

Reviewed only for the limited purpose of checking for conformance 
with information given and the design concept expressed in the Con-
tract Documents. Review not conducted for the purpose of determin-
ing the accuracy and completeness of other details such as dimensions 
and quantities, or for substantiating instructions for installation or 
performance of equipment or systems, all of which remain the respon-
sibility of the Contractor as required by the Contract Documents. 
Review shall not constitute approval of safety precautions or of any 
construction means, methods, techniques, sequences or procedures.  

Check following as applicable: 

 □ First Submission 

 □ Re-Submission No. 
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SECTION 01 35 26 – GOVERNMENTAL SAFETY REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Safety requirements included in 8 NYCRR 155.5 Uniform Safety Standards for School 
Construction and Maintenance Projects. 

1.3 PERFORMANCE REQUIREMENTS 

A. General Performance:  Provide all measures, including (but not limited to) materials, 
equipment, and procedures, required to comply with following requirements of 8 NYCRR 155.5 
Uniform Safety Standards for School Construction and Maintenance Projects. 

B. Certificate of Occupancy: 

1. 8 NYCRR 155.5 (a):  “The occupied portion of any school building shall always comply 
with the minimum requirements necessary to maintain a certificate of occupancy.” 

C. General Safety and Security Standards for Construction Projects: 

1. 8 NYCRR 155.5 (e)(1): “All construction materials shall be stored in a safe and secure 
manner.” 

2. 8 NYCRR 155.5 (e)(2): “Fences around construction supplies or debris shall be 
maintained.” 

3. 8 NYCRR 155.5 (e)(3): “Gates shall always be locked unless a worker is in attendance to 
prevent unauthorized entry.” 

4. 8 NYCRR 155.5 (e)(4): “During exterior renovation work, overhead protection shall be 
provided for any sidewalks or areas immediately beneath the work site or such areas shall 
be fenced off and provided with warning signs to prevent entry.” 

5. 8 NYCRR 155.5 (e)(5): “Workers shall be required to wear photo identification badges at 
all times for identification and security purposes while working at occupied sites.” 

01 35 26 
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D. Separation of Construction Areas from Occupied Spaces: 

1. 8 NYCRR 155.5 (f): “Construction areas which are under the control of a contractor and 
therefore not occupied by district staff or students shall be separated from occupied areas. 
Provisions shall be made to prevent the passage of dust and contaminants into occupied 
parts of the building. Periodic inspection and repairs of the containment barriers must be 
made 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.” 

2. 8 NYCRR 155.5 (f)(1): “A specific stairwell and/or elevator should be assigned for 
construction worker use during work hours. In general, workers may not use corridors, 
stairs or elevators designated for students or school staff.” 

E. Cleaning Occupied Areas: 

1. 8 NYCRR 155.5 (f)(2): “Large amounts of debris must be removed by using enclosed 
chutes or a similar sealed system. There shall be no movement of debris through halls of 
occupied spaces of the building. No material shall be dropped or thrown outside the walls 
of the building.” 

2. 8 NYCRR 155.5 (f)(3): “All occupied parts of the building affected by renovation 
activity shall be cleaned at the close of each workday. School buildings occupied during a 
construction project shall maintain required health, safety and educational capabilities at 
all times that classes are in session.” 

F. Exiting and Ventilation: 

1. 8 NYCRR 155.5(g): Maintain exiting and ventilation during school construction projects. 
2. 8 NYCRR 155.5(g)(1): “Required exits, temporary stairs, ramps, exit signs, and door 

hardware shall be provided at all times.” 
3. 8 NYCRR 155.5(g)(2): “Required ventilation to occupied spaces affected by construction 

will be maintained during the project.” 

G. Noise Control: 

1. 8 NYCRR 155.5 (i):  “Construction and maintenance operations shall not produce noise 
in excess of 60 dba in occupied spaces or shall be scheduled for times when the building 
or affected building spaces are not occupied or acoustical abatement measures shall be 
taken.” 

H. Control of Fumes, Gases and Contaminants: 

1. 8 NYCRR 155.5 (j):  The contractor shall be responsible for the control of chemical 
fumes, gases, and other contaminants produced by welding, gasoline or diesel engines, 
roofing, paving, painting, and other fumes to ensure they do not enter occupied portions 
of the building or air intakes. 
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I. “Off-Gassing” of Volatile Organic Compounds: 

1. 8 NYCRR 155.5 (j)(1):  The contractor shall be responsible to ensure that activities and 
materials which result in "off-gassing" of volatile organic compounds such as glues, 
paint, furniture, carpeting, wall coverings, drapery, etc. are scheduled, cured or ventilated 
in accordance with manufacturer’s recommendations before a space can be occupied. 

J. Asbestos Isolation: 

1. 8 NYCRR 155.5 (k):  “Large and small asbestos abatement projects as defined by 12 
NYCRR 56 shall not be performed while the building is occupied.” Note, it is NYSED’s 
interpretation that the term "building", as referenced in this section of 8 NYCRR 155.5, 
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. 

2. 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 and Asbestos Testing: 

1. 8 NYCRR 155.5 (c)(1):  “All school areas to be disturbed during renovation or 
demolition shall be tested for lead and asbestos.” 

a. Asbestos and Asbestos-Containing Materials: 

1) Be advised that disturbance of asbestos and asbestos-containing materials is 
not anticipated as part of this Project.  

a) Prior to beginning Work, review Owner’s “Asbestos Management 
Plan” to ensure asbestos or asbestos-containing materials identified in 
that document are not disturbed. 

2) Be advised that if materials suspected to be asbestos, or to contain asbestos, 
that are not included in the Project and not identified in the Contract 
Documents are encountered during construction, immediately notify Owner 
and take precautions as required to avoid disturbing materials until directed 
by Owner. 

b. Lead and Lead-Containing Materials: 

1) Be advised that a lead inspection has been performed as required by New 
York State Education Department and a copy of the lead inspection report is 
available at the Owner's offices. 
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L. Code Rule 56: 

1. 8 NYCRR 155.5(k): “All asbestos abatement projects shall comply with all applicable 
Federal and State laws including but not limited to the New York State Department of 
Labor industrial code rule 56 (12 NYCRR 56), and the Federal Asbestos Hazard 
Emergency Response Act (AHERA), 40 CFR part 763 (Code of Federal Regulations, 
1998 Edition, Superintendent of Public Documents, U.S. Government Printing Office, 
Washington, DC 20402; 1998; available at the Office of Facilities Planning, Education 
Building Annex, Room 1060, State Education Department, Albany, NY 12234.” 

M. Lead: 

1. 8 NYCRR 155.5 (l):  Surfaces that will be disturbed by reconstruction must have a 
determination made as to the presence of lead. Projects which disturb surfaces that 
contain lead shall have in the specifications a plan prepared by a certified Lead Risk 
Assessor or Supervisor which details provisions for occupant protection, worksite 
preparation, work methods, cleaning and clearance testing which are in general 
accordance with the HUD Guidelines.  

a. Be advised that disturbance of lead and lead-containing materials is not anticipated 
as part of this Project. 

b. Contractor is responsible for complying with requirements of all applicable 
federal, state and local regulations, including (but not limited to) OSHA Lead in 
Construction Standard 29 CFR 1926.62, when construction activities involve 
disturbance of materials containing 1.0 mg/sq cm or 0.5 percent of lead or less, 
including (but not limited to) lead-based paint, ceramic tile, and similar materials. 

c. If materials suspected to contain lead above 1.0 mg/sq cm or above 0.5 percent that 
are not included in Project or identified in Contract Documents are encountered 
during construction, immediately notify Owner and take applicable precautions to 
avoid disturbing materials until directed by Owner. 

N. Disposal of Lead Abatement Waste: 

1. Test all debris from lead abatement activities to determine whether it is hazardous or non-
hazardous waste. 

2. Transport and dispose of debris determined to be hazardous waste in accordance with 
applicable regulations. 

3. Package, label, and mark all hazardous waste materials in accordance with applicable 
requirements of 49 CFR 173, 178 and 179. 

4. Maintain hazardous waste manifest from date of transport until date of disposal, 
destruction or recycling. 

5. Return fully executed hazardous waste manifests to Owner within 60 days after date 
waste accepted by initial transporter. 
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6. Dispose of material determined to be Construction and Demolition Debris in accordance 
with 6 NYCRR 360 and 364.   Provide trip tickets or other documentation clearly 
identifying generating site, Owner, transporter, disposal site and amount of material 
removed from site, transported to and disposed of at disposal site. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 35 26 
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SECTION 01 40 00 - QUALITY REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for quality assurance and quality 
control. 

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, Construction Manager, or authorities having jurisdiction are not 
limited by provisions of this Section. 

1.3 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 Construction Manager. 

C. Mockups:  Full-size physical assemblies that are constructed on-site.  Mockups are constructed 
to verify selections made under Sample submittals; to demonstrate aesthetic effects and, where 
indicated, qualities of materials and execution; to review coordination, testing, or operation; to 
show interface between dissimilar materials; and to demonstrate compliance with specified 
installation tolerances.  Mockups are not Samples.  Unless otherwise indicated, approved 
mockups establish the standard by which the Work will be judged. 

01 40 00 
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D. Testing Agency:  An entity engaged to perform specific tests, inspections, or both.  Testing 
laboratory shall mean the same as testing agency. 

E. 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. 

F. 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. 

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 SUBMITTALS 

A. Informational Submittals:  

1. 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. 

2. Schedule of Tests and Inspections:  Prepare in tabular form and include the following: 

a. Specification Section number and title. 
b. Entity responsible for performing tests and inspections. 
c. Description of test and inspection. 
d. Identification of applicable standards. 
e. Identification of test and inspection methods. 
f. Number of tests and inspections required. 
g. Time schedule or time span for tests and inspections. 
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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. 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. 
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F. Testing Agency Qualifications:  An NRTL, an NVLAP, or an independent agency 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. 

G. 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. 

H. 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. 

I. 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 in location and of size indicated or, if not indicated, as directed by 
Architect or Construction Manager. 

2. Notify Architect and Construction Manager seven days in advance of dates and times 
when mockups will be constructed. 

3. Demonstrate the proposed range of aesthetic effects and workmanship. 
4. Obtain Architect's and Construction Manager's approval of mockups before starting 

work, fabrication, or construction. 
5. Maintain mockups during construction in an undisturbed condition as a standard for 

judging the completed Work. 
6. Demolish and remove mockups when directed unless otherwise indicated. 

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. 
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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 24 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, including 
service connections.  Report results in writing as specified in Division 01 Section "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, Construction Manager, , Project 
Representative, and Contractor in performance of duties.  Provide qualified personnel to 
perform required tests and inspections. 

1. Notify Architect, Construction Manager, Project Representative, 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. 
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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. Preliminary design mix proposed for use for material mixes that require control by testing 

agency. 
6. 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. 

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, Construction Manager, testing 
agencies, and each party involved in performance of portions of the Work where tests and 
inspections are required. 

1.9 SPECIAL TESTS AND INSPECTIONS 

A. Special Tests and Inspections:  Owner will engage a qualified testing agency to conduct special 
tests and inspections required by authorities having jurisdiction as the responsibility of 
Owner, as indicated in Statement of Special Inspections attached to this Section, and as follows: 

1. Notifying Architect, Construction Manager, , Project Representative, and Contractor 
promptly of irregularities and deficiencies observed in the Work during performance of 
its services. 

2. Submitting a certified written report of each test, inspection, and similar quality-control 
service to Architect, through Construction Manager, with copy to Contractor and to 
authorities having jurisdiction. 

3. Submitting a final report of special tests and inspections at Substantial Completion, 
which includes a list of unresolved deficiencies. 
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4. Interpreting tests and inspections and stating in each report whether tested and inspected 
work complies with or deviates from the Contract Documents. 

5. Retesting and reinspecting corrected work. 

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 and Construction Manager’s, and Project Representative’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 "Execution." 

B. Protect construction exposed by or for quality-control service activities. 

C. Repair and protection are Contractor's responsibility, regardless of the assignment of 
responsibility for quality-control services. 

Attachment: Statement of Special Inspections  

END OF SECTION 01 40 00 
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STATEMENT OF SPECIAL INSPECTIONS 

 
Project: Mahopac Public Library 

Location: Mahopac, New York 

Owner: Mahopac Central School District 
 
This Statement of Special Inspections is submitted as a condition for permit issuance in accordance with 
the Special Inspection and Structural Testing requirements of the Building Code of New York State.  It 
includes a schedule of Special Inspection services applicable to this project. Refer to individual technical 
specification sections for additional testing requirements. 
 
This document includes the following parts: 
 
Qualifications of Inspectors and Testing Technicians 

Schedule of Special Inspection Services 
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Qualifications of Inspectors and Testing Technicians 
 
The qualifications of all personnel performing Special Inspection and testing activities are subject to the 
approval of the Building Official. The credentials of all Inspectors and testing technicians shall be 
provided if requested. 
 
Key for Minimum Qualifications of Inspection Agents: 
 
When the Registered Design Professional in Responsible Charge deems it appropriate that the individual 
performing a stipulated test or inspection have a specific certification or license as indicated below, such 
designation shall appear below the Qualifications on the Schedule. 

PE Structural Engineer – a licensed PE  specializing in the design of building structures  

PE/GE  Geotechnical Engineer – a licensed PE specializing in soil mechanics and foundations   
EIT Engineer-In-Training – a graduate engineer who has passed the Fundamentals of 

Engineering examination  

American Concrete Institute (ACI) Certification 

ACI-CFTT Concrete Field Testing Technician – Grade 1 
ACI-CCI Concrete Construction Inspector 
ACI-LTT Laboratory Testing Technician – Grade 1&2 
ACI-STT Strength Testing Technician  

American Welding Society (AWS) Certification 

AWS-CWI Certified Welding Inspector 
AWS/AISC-SSI Certified Structural Steel Inspector 
 
American Society of Non-Destructive Testing (ASNT) Certification 
ASNT  Non-Destructive Testing Technician – Level II or III.  

International Code Council (ICC) Certification 

ICC-SMSI Structural Masonry Special Inspector 
ICC-SWSI Structural Steel and Welding Special Inspector  
ICC-SFSI Spray-Applied Fireproofing Special Inspector 
ICC-PCSI Prestressed Concrete Special Inspector  
ICC-RCSI Reinforced Concrete Special Inspector  
 
National Institute for Certification in Engineering Technologies (NICET) 
NICET-CT Concrete Technician – Levels I, II, III & IV 
NICET-ST Soils Technician - Levels I, II, III & IV 
NICET-GET Geotechnical Engineering Technician - Levels I, II, III & IV 

Association of the Wall and Ceilings Industries International (AWCI) 

AWCI 12-B Standard Practice for the Testing and Inspection of Field Applied Thin-Film Intumescent 
Fire-Resistive Materials; an Annotated Guide. 
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Schedule of Special Inspection Services 
 

INSPECTION AND TESTING 
REQUIRED 

(Required if 
checked; Not 

Applicable if not 
checked) 

TECHNICAL 
SPECIFICATION 

SECTION (Refer to for 
additional information) 

C
O

N
T

IN
U

O
U

S
 

P
E

R
IO

D
IC

 

(“Continuous” & “Periodic” defined by the Code; refer to applicable 
Technical Specification Section for specific frequency requirements) 

Cast-in-Place Concrete (1705.3)     
1. Inspection of reinforcing steel and verify placement  03 30 00   
2. Inspection of reinforcing steel welding:     

 a. Verification of ASTM A706 material  03 30 00   

 b. Inspect single-pass fillet welds, maximum 5/16”   03 30 00   

 c. Inspect all other welds  03 30 00   
3. Inspection of anchors to be installed in concrete prior to and 

during placement 
 03 30 00   

4. Inspect anchors post-installed in hardened concrete     
a. Adhesive anchors installed in horizontally or upwardly 

inclined orientations to resist sustained tension loads. 
 03 30 00   

b.  Mechanical anchors and adhesive anchors not defined 
in 4a. 

 03 30 00   

5. Verify use of required design mix  03 30 00   
6. Sampling fresh concrete for fabricating specimens for 

strength testing, perform slump and air content tests, and 
measure temperature of concrete 

 03 30 00   

7. Inspection of concrete and shotcrete placement for proper 
application techniques 

 03 30 00   

8. Verify maintenance of specified curing temperature and 
techniques 

 03 30 00   

9. Verification of in-situ concrete strength, prior to stressing of 
tendons in post-tensioned concrete, and prior to removal of 
shores and forms from beams and structural slabs 

 03 30 00   

10. Inspection of formwork for shape, location and dimensions 
of the concrete member being formed 

 03 30 00   

11. Inspection of post-tensioning operations  03 38 16   
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Precast Concrete (1705.3)     
1. Inspection of reinforcing steel  03 41 00   
2. Verify use of required design mix  03 41 00   
3. Inspection of prestressed operations     
   a. Application of prestressing forces  03 41 00   

   b. Grouting of bonded prestressing tendons in the seismic-
force-resisting system 

 03 41 00   

4. Sampling fresh concrete; slump, air content, temperature, 
strength test specimens 

 03 41 00   

5. Inspection of formwork for shape, location and dimensions 
of the concrete member being formed 

 03 41 00   

6. Inspection of concrete placement for proper application 
techniques 

 03 41 00   

7. Inspection for maintenance of specified curing temperature 
and techniques 

 03 41 00   

8. Erection of precast concrete members  03 41 00, 03 48 10   
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Fabricated Items (1704.2.5 and 1705.10)     
1. Inspection of structural, load-bearing or lateral load-resisting 

members or assemblies as noted on Contract Documents that 
are fabricated in a fabricator’s shop 

 ?? ?? ??   

Exceptions: 
a. The fabricator has been approved to perform work without 
special inspections per NYSBC 1704.2.5.1. 
b. The members or assemblies are to be fabricated on site. Then 
refer to the respective material categories for inspections. 

    

Masonry (1705.4) 
  

 
 

   

 Level 1   04 20 00   

1. Prior to construction, verify certificates of compliance used 
in masonry construction 

 04 20 00  
 

 
 

 Level 2 Level 3   Level 2 
 Level 3 

04 20 00   

1. Prior to construction, verify compliance with the approved 
submittals. 

 
 

04 20 00  
 

 
 

2. Prior to construction, verify f’m, except where specifically 
exempted by the Code  

 
 

04 20 00  
 

 
 

3. During construction, verify Slump flow and Visual Stability 
Index (VSI) when self-consolidating grout is delivered to 
the project site 

 
 

04 20 00  
 

 
 

4. During construction, verify f’m for every 5,000 sqft  
 

04 20 00  
 

 
 

5. During construction, verify proportions of materials in 
premixed or preblended mortar, and grout other than self-
consolidating grout, as delivered to the project site. 

 
 

04 20 00   
 

6. At start of masonry construction, verify to ensure 
compliance: 

    

   a. Proportions of site prepared mortar.  04 20 00  
 

 
 

 b. Grade, type and size of reinforcement, connectors, and 
anchor bolts. 

 04 20 00  
 

 
 

   c. Sample panel construction.  04 20 00  
 

 
 

7. Prior to grouting, verify that the following are in compliance:     
a. Grout space  04 20 00  

 
 

 
b. Placement of reinforcement, connectors, and anchor 

bolts 
 04 20 00  

 
 

 
c. Proportions of site-prepared grout  04 20 00  

 
 

 
8. During construction, verify compliance of the following:     
   a. Materials and procedures with the approved submittals.  04 20 00  

 
 

 
   b. Placement of masonry units and mortar joint construction.  04 20 00  

 
 

 
   c. Size and location of structural members.  04 20 00  

 
 

 
   d. Type, size and location of anchors including anchorage of 

masonry to structural members, frames or other 
construction 

 04 20 00  
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   e. Welding of reinforcing bars  04 20 00  
 

 
 

   f. Preparation, construction and protection of masonry during 
cold or hot weather 

 04 20 00  
 

 
 

   g. Placement of grout.  04 20 00  
 

 
 

9. Observe preparation of grout specimens, mortar specimens 
and/or prisms 

 04 20 00  
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Structural Steel (1705.2.1)     
1. Minimum inspections prior to welding per AISC 360 

(including but not limited to material verification, welder 
qualification and fit-up of joints). 

 05 12 00   

2. Minimum inspections during welding per AISC 360  05 12 00   
a. Placement and installation of steel headed stud anchors  05 12 00   
b. Verification of ASTM A 706 material  05 12 00   
c. Testing of resisting flexural and axial forces in 

intermediate and special moment frames, and boundary 
elements of special reinforced concrete shear walls and 
shear reinforcement. 

 05 12 00   

3. Minimum inspections after welding per AISC 360 (including 
but not limited to size, length and location of welds; welds 
meet visual acceptance criteria; and repair activities) 

 05 12 00   

4. Inspection of welding via UT for CJP groove welds subject 
to transversely applied tension loading in butt, T-, and 
Corner joints 

    

a. Risk Category III or IV structures  05 12 00   
b. Risk Category II structures  05 12 00   

5. Minimum inspections prior to high-strength bolting (except 
for snug-tight joints) per AISC 360 (including but not limited 
to material verification of high-strength bolts, nuts, and 
washers; and bolting procedures) 

 05 12 00   

6. Minimum inspections during high-strength bolting (except 
for snug-tight joints) per AISC 360 (included but not limited 
to assemblies and positioning) 

 05 12 00   

   a. For pretension/slip-critical connections using turn-of-nut 
with match marking method, direct-tension-indicator 
method, or twist-off-type tension control bolt method. 

 05 12 00   

   b. For pretension/slip-critical connections using calibrated 
wrench method or turn-of-nut method without 
matchmarking 

 05 21 00   

7. Minimum inspections after high-strength bolting per AISC 
360 

 05 21 00   

8. Inspection of fabricated and/or erected steel to verify 
compliance with the construction drawings. 

 05 21 00   

a. Details such as bracing and stiffeners  05 21 00   
b. Member locations  05 21 00   
c. Joint details  05 21 00   

9. Inspection during placement of anchor rods and other 
embedded items supporting structural steel for compliance with 
construction drawings. 

 05 21 00   

8. Material verification of structural steel: Identification 
markings to conform to ASTM standards specified in the 
approved construction documents  

 05 12 00   

 
 
 
 
Open-Web Steel Joists and Joist Girders (1705.2.3)     
1.  Installation of open-web steel joists and joist girders     
a.  End connections – welded or bolted per SJI  05 21 00   
b. Bridging – horizontal or diagonal     

1. Standard bridging per SJI  05 21 00   
2. Bridging that differs from SJI specification  05 21 00   

 



  
QUALITY CONTROL - STATEMENT OF SPECIAL INSPECTIONS Tetra Tech 
01 40 00-A1 / Page 8 Project No. 203778-21001 Architects & Engineers  

 
 
Cold-Formed Steel Deck (1705.2.2)     
1.  Inspection or Execution Tasks Prior to Deck Placement per 

SDI QA/QC (including but not limited to compliance of 
materials with construction documents) 

 05 31 00   

2.  Inspection or Execution Tasks After to Deck Placement per 
SDI QA/QC (including but not limited to compliance of 
installation with construction documents) 

 05 31 00   

3. Inspection or Execution Tasks Prior to Welding per SDI 
QA/QC (including but not limited to verification of 
procedures and certifications) 

 05 31 00   

4. Inspection or Execution Tasks During Welding per SDI 
QA/QC  

 05 31 00   

5. Inspection or Execution Tasks After Welding per SDI 
QA/QC (including but not limited to size, length and location 
of welds; welds meet visual acceptance criteria; and repair 
activities) 

 05 31 00   

6. Inspection or Execution Tasks Prior to Mechanical Fastening 
per SDI QA/QC (including but not limited to material 
verification) 

 05 31 00   

7. Inspection or Execution Tasks During Mechanical Fastening 
per SDI QA/QC (including but not limited to verification of 
positioning and installation) 

 05 31 00   

8. Inspection or Execution Tasks After Mechanical Fastening 
per SDI QA/QC (including but not limited to verification of 
spacing, type and location; repair activities) 

 05 31 00   

 
 
 

 
 
 
 
 
Wood Construction (170505)     
1. For Metal-plate connected wood trusses spanning 60 feet or 

greater:  
    

a. Verify the temporary installation restraint/bracing is 
installed per the approved truss submittal package. 

 06 10 00, 06 16 00, 
06 17 53 

  

b. Verify the permanent individual truss member 
restraint/bracing is installed per the approved truss 
submittal package. 

 06 10 00, 06 16 00, 
06 17 53 

  

2.  Inspect High-load diaphragms for grade and thickness of 
sheathing material; nominal size of framing members; 
fastener diameter and length; fastener layout and spacing  

 06 10 00   

 
 
 

Cold-Formed Steel Trusses (1705.2.4)     
1. For trusses spanning 60 feet or greater:     
a.  Verify the temporary installation restraint/bracing is 
installed per the approved truss submittal package. 

 05 40 00   

b.  Verify the permanent individual truss member 
restraint/bracing is installed per the approved truss submittal 
package. 

 05 40 00   
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Exterior Insulation and Finish Systems (EIFS) (1705.16)     
Not required if water-resistive barrier is installed with a means 
of draining moisture to the exterior. Also not required for EIFS 

applications over masonry or concrete walls. 
1.  Inspection of water-resistive batter coating when installed 

over a sheathing substrate.   

 07 24 19   

 
 
Sprayed Fire-resistant Materials (1705.14)     
1.  Verify surface preparation in accordance with 

manufacturer’s written instructions. 
 07 81 00   

2.  Verify temperature and area ventilation before and after 
application in accordance with manufacturer’s written 
instructions. 

 07 81 00   

3. Verify thickness of sprayed fire-resistant materials     
a.  Minimum of 4 measurements per 1,000 sq ft of floor, roof 

and wall assembly areas, or part thereof at each story. 
 07 81 00   

b. Minimum of 25% of structural members at each story.  07 81 00   
4. Verify density of sprayed fire-resistant materials.     
a.  Minimum of one sample per 2,500 sq ft of floor, roof and 

wall assembly areas, or part thereof at each story. 
 07 81 00   

b. Minimum of one sample from each type of structural 
framing member per 2,500 sq ft of floor area or part thereof 
at each story. 

    

5. Verify cohesive/adhesive bond strength of sprayed fire-
resistant materials. 

    

a.  Minimum of one sample per 2,500 sq ft of floor, roof and 
wall assembly areas or part thereof at each story. 

 07 81 00   

b. Minimum of one sample from each type of structural 
framing member per 2,500 sq ft of floor area or part thereof 
at each story 

 07 81 00   

c. Bond tests to qualify a primer, paint, or encapsulant when 
acceptable bond strength performance between those 
coatings and the fire-resistant material has not been 
determined. 

 07 81 00   

 
 
Mastic and Intumescent Fire-resistant Coatings (1705.15)     
1.  Verify surface preparation, application, and thickness when 

applied to structural elements and decks in accordance with 
AWCI 12-B 

 07 81 00   

 
 
 
Fire-Resistant Penetrations and Joints (1705.17)     
1.  Inspection of through-penetrations and membrane 

penetration firestops in buildings in Risk Category III or IV 
per ASTM E2174 

 07 84 13, 07 84 43   

2. Inspections of fire-resistant joint systems and perimeter fire 
barrier systems in buildings in Rick Category III or IV per 
ASTM E2393 

 07 84 13, 07 84 43   
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Soils (1705.6)     
1. Verify materials below shallow foundations are adequate to 

achieve the design bearing capacity 
 31 20 00   

2. Verify excavations are extended to proper depth and have 
reached proper material 

 31 20 00   

3. Perform classification and testing of compacted fill materials  31 20 00   
4. Verify use of proper materials, densities and lift thicknesses 

during placement and compaction of compacted fill 
 31 20 00   

5. Prior to placement of compacted fill, inspect subgrade and 
verify that site has been prepared properly 

 31 20 00   

 
 
 
Driven Deep Foundations (1705.7)     
1. Verify element materials, sizes and lengths comply with the 

requirements 
 31 62 13, 31 62 16, 

31 62 19, 31 22 23 
  

2. Determine capacities of test elements and conduct additional 
load tests, as required 

 31 62 13, 31 62 16, 
31 62 19, 31 22 23 

  

3. Inspect driving operations and maintain complete and 
accurate records for each element 

 31 62 13, 31 62 16, 
31 62 19, 31 22 23 

  

4. Verify placement locations and plumbness, confirm type and 
size of hammer, record number of blows per foot of 
penetration, determine required penetrations to achieve 
design capacity, record tip and butt elevations and document 
any damage to foundation element 

 31 62 13, 31 62 16, 
31 62 19, 31 22 23 

  

5. For steel elements, perform additional special inspections in 
accordance with 1705.2 

 31 62 13, 31 62 16, 
31 62 19, 31 22 23 

  

6. For concrete elements and concrete-filled elements, perform 
additional special inspections in accordance with Section 
1705.3 

 31 62 13, 31 62 16, 
31 62 19, 31 22 23 

  

7. For specialty elements, perform additional inspections   31 62 13, 31 62 16, 
31 62 19, 31 22 23 

  

 
 
 
Cast-In-Place Deep Foundations (1705.8)     
1. Inspect drilling operations and maintain complete and 

accurate records for each element 
 31 63 16, 31 63 29   

2. Verify placement locations and plumbness, confirm element 
diameters, bell diameters (if applicable), lengths, embedment 
into bedrock (if applicable), and adequate end bearing strata 
capacity. Record concrete or grout volumes. 

 31 63 16, 31 63 29   

3. For concrete elements, perform tests and additional special 
inspections in accordance with Section 1705.3 

 31 63 16, 31 63 29   

 
 
 
 
Helical Pile Foundations (1705.9)     
1. Inspect installation operations and maintain complete and 

accurate records for each pier 
 ??   

2. Verify and record installation equipment used, pile 
dimensions, tip elevations, final depth, final installation 
torque other data as required  

 ??   
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Wind Resistance Inspections (1705.11)  
 

    

1. Structural wood – of elements in main windforce-resisting 
system 

    

   a. Inspection of gluing operations. 
 

06 10 00, 06 16 00, 
06 17 53 

  

   b. Inspection of nailing, bolting, anchoring and other 
fastening 

 
06 10 00, 06 16 00, 
06 17 53 

  

2. Cold-formed steel light-frame construction – of elements in 
main windforce-resisting systems. 

 
   

a. Inspection of welding operations  05 40 00   
b. Inspection of screw attachment, bolting, anchoring and 

other fastening 
 05 40 00   

3. Wind-resisting components:       
   a. Inspection of roof covering, roof deck and roof framing 

connections 
 

05 12 00, 05 21 00, 
05 31 00, 07 53 23 

  

   b. Inspection of exterior wall covering and wall connections 
to roof and floor diaphragms and framing 

 
04 20 00, 07 24 13, 
08 41 13, 08 44 13 

  

 
 
Seismic Resistance Inspections (1705.12)  
 

    

1. Structural steel:       
SDC B, C, D, E, or F – refer to 1705.12.1.1 for exceptions 
a. Seismic force-resisting systems – inspection in accordance 

with AISC 341  

 05 12 00   

SDC B (R>3), C (R>3), D, E, or F 
b. Structural steel elements - inspection in accordance with 

AISC 341  

 05 12 00   

SDC C, D, E, or F, refer to 1705.12.2 for exceptions 
2. Structural wood, seismic-force-resisting systems:   

    

   a. Inspection of field gluing operations. 
 

06 10 00, 06 17 00, 
06 17 53 

  

   b. Inspection of nailing, bolting, anchoring and other 
fastening 

 
06 10 00, 06 17 00, 
06 17 53 

  

SDC C, D, E, or F, refer to 1705.12.3 for exceptions 
3. Cold-formed steel framing - of elements in seismic-force-

resisting systems 

    

a. Inspection of welding operations of seismic-force-resisting 
systems 

 05 40 00   

b. Inspection of screw attachment, bolting, anchoring and 
other fastening 

 05 40 00   

SDC C, D, E or F; coord with 13.2.2 of ASCE 7 
4. Designated seismic systems – Inspection systems requiring 

Seismic Qualification per ASCE 7.  Verify label, anchorage 
and mounting conforms to certificate of compliance 

 ??   
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5. Architectural components      
a. Inspection of erection and fastening of exterior cladding          
b. Inspection of erection and fastening of interior and exterior 

nonbearing walls 
         

c. Inspection of erection and fastening of interior and exterior 
veneer 

         

d. Access floors – inspection of anchorage           
6. Mechanical and electrical components:       

SDC C, D, E or F 
   a. Inspection of anchorage of electrical equipment for 

emergency power systems 
 

        

SDC E or F 
   b. Inspection of anchorage installation or other electrical 

equipment 
 

        

SDC C, D, E or F 
   c. Inspection of installation and anchorage of piping systems 

and associated mechanical units designed to carry 
hazardous materials 

 

        

SDC C, D, E, or F 
   d. Inspection of installation and anchorage of ductwork 

designed to carry hazardous materials 
 

        

SDC, C, D, E, or F 
   e. Inspection of installation and anchorage of vibration 

isolation systems 
 

        

SDC, C, D, E, or F 
   f. Inspection of installation of mechanical and electrical 

equipment where automatic fire sprinkler systems are 
installed to verify clearances 

 

        

SDC B, C, D, E or F 
7. Seismic isolation system:  Inspection during fabrication and 

installation of isolator units and energy dissipation devices 
that are part of the seismic isolation system  

         

SDC D, E or F 
8. Cold-formed steel special bolted moment frames:  Inspection 

during installation of frames part of the seismic isolation 
system 
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Seismic Resistance Structural Testing      
1. Structural steel:       

SDC B, C, D, E, or F 
   a. Seismic force-resisting systems: Non-destructive testing in 

accordance with quality assurance requirements of AISC 
341 

 

05 12 00   

   b. Structural steel elements: nondestructive testing in 
accordance with the quality assurance requirements of 
AISC 341 

 
05 12 00   

SDC B, C, D, E, or F 
2. Nonstructural Components: Confirm certification of 

compliance of seismic qualification for supports and 
attachments has been submitted by manufacturer for 
specified systems 

 

         

SDC C, D, E or F 
3. Designated seismic systems: Confirm certification of 

compliance of seismic qualification has been submitted for 
designated seismic systems 

 

??   

SDC B, C, D, E, or F 
4. Seismic isolation systems: Testing per ASCE 7, Section 17.8 

 
         

 
 
 
Structural Observations      
One or more of: RC IV; high-rise building; special structures as 

determined by RDP; required by building official 
1. Structural observations for structures   

    

SDC D, E, or F where RC III or IV or 
SDC E where RC I or II and > 2 stories above grade plane 

2. Structural observations for seismic resistance 
 

   

V = 130 mph or greater and RC III or IV 
3. Structural observations for wind resistance 
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SECTION 01 42 00 - REFERENCES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 DEFINITIONS 

A. "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. 

B. "Directed":  A command or instruction by Architect.  Other terms including "requested," 
"authorized," "selected," "required," and "permitted" have the same meaning as "directed." 

C. "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." 

D. "Furnish":  Supply and deliver to Project site, ready for unloading, unpacking, assembly, 
installation, and similar operations. 

E. "Install":  Unload, temporarily store, unpack, assemble, erect, place, anchor, apply, work to 
dimension, finish, cure, protect, clean, and similar operations at Project Site. 

F. "Provide":  Furnish and install, complete and ready for the intended use. 

1.3 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. 

1. When the building code in effect for the Project cites a different edition, comply with the 
building code-cited edition. 

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. 

01 42 00 
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1. Where copies of standards are needed to perform a required construction activity, obtain 
copies directly from publication source. 

1.4 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 in the following list.  
This information is subject to change and is believed to be accurate as of the date of the 
Contract Documents. 

1. AA - Aluminum Association (The); www.aluminum.org. 
2. AABC - Associated Air Balance Council; www.aabc.com. 
3. AAMA - American Architectural Manufacturers Association; www.aamanet.org. 
4. AAPFCO - Association of American Plant Food Control Officials; www.aapfco.org. 
5. AASHTO - American Association of State Highway and Transportation Officials; 

www.transportation.org. 
6. AATCC - American Association of Textile Chemists and Colorists; www.aatcc.org. 
7. ABBA - Air Barrier Association of America; www.airbarrier.org. 
8. ABMA - American Bearing Manufacturers Association; www.americanbearings.org. 
9. ACI - American Concrete Institute; (Formerly:  ACI International); www.concrete.org. 
10. ACPA - American Concrete Pipe Association; www.concrete-pipe.org. 
11. AEIC - Association of Edison Illuminating Companies, Inc. (The); www.aeic.org. 
12. AF&PA - American Forest & Paper Association; www.afandpa.org. 
13. AGA - American Gas Association; www.aga.org. 
14. AHAM - Association of Home Appliance Manufacturers; www.aham.org. 
15. AHRI - Air-Conditioning, Heating, and Refrigeration Institute (The); www.ahrinet.org. 
16. AI - Asphalt Institute; www.asphaltinstitute.org. 
17. AIA - American Institute of Architects (The); www.aia.org. 
18. AISC - American Institute of Steel Construction; www.aisc.org. 
19. AISI - American Iron and Steel Institute; www.steel.org. 
20. AITC - American Institute of Timber Construction; www.aitc-glulam.org. 
21. ALSC - American Lumber Standard Committee, Incorporated; www.alsc.org. 
22. AMCA - Air Movement and Control Association International, Inc.; www.amca.org. 
23. ANSI - American National Standards Institute; www.ansi.org. 
24. AOSA - Association of Official Seed Analysts, Inc.; www.aosaseed.com. 
25. APA - APA - The Engineered Wood Association; www.apawood.org. 
26. APA - Architectural Precast Association; www.archprecast.org. 
27. API - American Petroleum Institute; www.api.org. 
28. ARI - Air-Conditioning & Refrigeration Institute; (See AHRI). 
29. ARI - American Refrigeration Institute; (See AHRI). 
30. ARMA - Asphalt Roofing Manufacturers Association; www.asphaltroofing.org. 
31. ASCE - American Society of Civil Engineers; www.asce.org. 
32. ASCE/SEI - American Society of Civil Engineers/Structural Engineering Institute; (See 

ASCE). 
33. ASHRAE - American Society of Heating, Refrigerating and Air-Conditioning Engineers; 

www.ashrae.org. 
34. ASME - ASME International; (American Society of Mechanical Engineers); 

www.asme.org. 
35. ASNT - American Society for Nondestructive Testing (The); www.asnt.org 
36. ASSE - American Society of Safety Engineers (The); www.asse.org. 
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37. ASSE - American Society of Sanitary Engineering; www.asse-plumbing.org. 
38. ASTM - ASTM International; www.astm.org. 
39. ATIS - Alliance for Telecommunications Industry Solutions; www.atis.org. 
40. AWCI - Association of the Wall and Ceiling Industry; www.awci.org. 
41. AWEA - American Wind Energy Association; www.awea.org. 
42. AWI - Architectural Woodwork Institute; www.awinet.org. 
43. AWMAC - Architectural Woodwork Manufacturers Association of Canada; 

www.awmac.com. 
44. AWPA - American Wood Protection Association; www.awpa.com. 
45. AWS - American Welding Society; www.aws.org. 
46. AWWA - American Water Works Association; www.awwa.org. 
47. BHMA - Builders Hardware Manufacturers Association; www.buildershardware.com. 
48. BIA - Brick Industry Association (The); www.gobrick.com. 
49. BICSI - BICSI, Inc.; www.bicsi.org. 
50. BIFMA - BIFMA International; (Business and Institutional Furniture Manufacturer's 

Association); www.bifma.com. 
51. BISSC - Baking Industry Sanitation Standards Committee; www.bissc.org. 
52. BWF - Badminton World Federation; (Formerly:  International Badminton Federation); 

www.bwfbadminton.org. 
53. CDA - Copper Development Association; www.copper.org. 
54. CE – Conformite Europeenne; http://ec.europa.eu/growth/single-market/ce-marking/. 
55. CEA - Canadian Electricity Association; www.electricity.ca. 
56. CEA - Consumer Electronics Association; www.ce.org. 
57. CFFA - Chemical Fabrics & Film Association, Inc.; www.chemicalfabricsandfilm.com. 
58. CFSEI - Cold-Formed Steel Engineers Institute; www.cfsei.org. 
59. CGA - Compressed Gas Association; www.cganet.com. 
60. CIMA - Cellulose Insulation Manufacturers Association; www.cellulose.org. 
61. CISCA - Ceilings & Interior Systems Construction Association; www.cisca.org. 
62. CISPI - Cast Iron Soil Pipe Institute; www.cispi.org. 
63. CLFMI - Chain Link Fence Manufacturers Institute; www.chainlinkinfo.org. 
64. CPA - Composite Panel Association; www.pbmdf.com. 
65. CPPA – (Formerly: Corrugated Polyethylene Pipe Association; a Division of the Plastic 

Pipe Institute); www.plasticpipe.org/drainage/. 
66. CRI - Carpet and Rug Institute (The); www.carpet-rug.org. 
67. CRRC - Cool Roof Rating Council; www.coolroofs.org. 
68. CRSI - Concrete Reinforcing Steel Institute; www.crsi.org. 
69. CSA - Canadian Standards Association; www.csa.ca. 
70. CSA - CSA International; (Formerly:  IAS - International Approval Services); www.csa-

international.org. 
71. CSI - Construction Specifications Institute (The); www.csinet.org. 
72. CSSB - Cedar Shake & Shingle Bureau; www.cedarbureau.org. 
73. CTI - Cooling Technology Institute; (Formerly:  Cooling Tower Institute); www.cti.org. 
74. CWC - Composite Wood Council; (See CPA). 
75. DASMA - Door and Access Systems Manufacturers Association; www.dasma.com. 
76. DHI - Door and Hardware Institute; www.dhi.org. 
77. ECA - Electronic Components Association;(See ECIA). 
78. ECAMA - Electronic Components Assemblies & Materials Association; (See ECIA). 
79. ECIA – Electronic Components Industry Association; www.eciaonline.org. 
80. EIA - Electronic Industries Alliance; (See TIA). 
81. EIMA - EIFS Industry Members Association; www.eima.com. 
82. EJMA - Expansion Joint Manufacturers Association, Inc.; www.ejma.org. 
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83. ESD - ESD Association; (Electrostatic Discharge Association); www.esda.org. 
84. ESTA - Entertainment Services and Technology Association; (See PLASA). 
85. ETL - Intertek (See Intertek); www.intertek.com. 
86. EVO - Efficiency Valuation Organization; www.evo-world.org. 
87. FIBA - Federation Internationale de Basketball; (The International Basketball 

Federation); www.fiba.com. 
88. FIVB - Federation Internationale de Volleyball; (The International Volleyball 

Federation); www.fivb.org. 
89. FM Approvals - FM Approvals LLC; www.fmglobal.com. 
90. FM Global - FM Global; (Formerly:  FMG - FM Global); www.fmglobal.com. 
91. FRSA - Florida Roofing, Sheet Metal & Air Conditioning Contractors Association, Inc.; 

www.floridaroof.com. 
92. FSA - Fluid Sealing Association; www.fluidsealing.com. 
93. FSC - Forest Stewardship Council U.S.; www.fscus.org. 
94. FSEC - Florida Solar Energy Center; www.fsec.ucf.edu. 
95. GA - Gypsum Association; www.gypsum.org. 
96. GANA - Glass Association of North America; www.glasswebsite.com. 
97. GS - Green Seal; www.greenseal.org. 
98. HI - Hydraulic Institute; www.pumps.org. 
99. HI/GAMA - Hydronics Institute/Gas Appliance Manufacturers Association; (See AHRI). 
100. HMMA - Hollow Metal Manufacturers Association; (See NAAMM). 
101. HPVA - Hardwood Plywood & Veneer Association; www.hpva.org. 
102. HPW - H. P. White Laboratory, Inc.; www.hpwhite.com. 
103. IAPSC - International Association of Professional Security Consultants; www.iapsc.org. 
104. IAS – International Accreditation Service; www.iasonline.org. 
105. IAS - International Approval Services; (See CSA). 
106. ICBO - International Conference of Building Officials; (See ICC). 
107. ICC - International Code Council; www.iccsafe.org. 
108. ICEA - Insulated Cable Engineers Association, Inc.; www.icea.net. 
109. ICPA - International Cast Polymer Alliance; www.icpa-hq.org. 
110. ICRI - International Concrete Repair Institute, Inc.; www.icri.org. 
111. IEC - International Electrotechnical Commission; www.iec.ch. 
112. IEEE - Institute of Electrical and Electronics Engineers, Inc. (The); www.ieee.org. 
113. IES - Illuminating Engineering Society; (Formerly:  Illuminating Engineering Society of 

North America); www.ies.org. 
114. IESNA - Illuminating Engineering Society of North America; (See IES). 
115. IEST - Institute of Environmental Sciences and Technology; www.iest.org. 
116. IGCC - Insulating Glass Certification Council; www.igcc.org. 
117. IGMA - Insulating Glass Manufacturers Alliance; www.igmaonline.org. 
118. IGSHPA - International Ground Source Heat Pump Association; 

www.igshpa.okstate.edu. 
119. ILI - Indiana Limestone Institute of America, Inc.; www.iliai.com. 
120. Intertek - Intertek Group; (Formerly:  ETL SEMCO; Intertek Testing Service NA); 

www.intertek.com. 
121. ISA - International Society of Automation (The); (Formerly:  Instrumentation, Systems, 

and Automation Society); www.isa.org. 
122. ISAS - Instrumentation, Systems, and Automation Society (The); (See ISA). 
123. ISFA - International Surface Fabricators Association; (Formerly:  International Solid 

Surface Fabricators Association); www.isfanow.org. 
124. ISO - International Organization for Standardization; www.iso.org. 
125. ISSFA - International Solid Surface Fabricators Association; (See ISFA). 
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126. ITU - International Telecommunication Union; www.itu.int/home. 
127. KCMA - Kitchen Cabinet Manufacturers Association; www.kcma.org. 
128. LMA - Laminating Materials Association; (See CPA). 
129. LPI - Lightning Protection Institute; www.lightning.org. 
130. MBMA - Metal Building Manufacturers Association; www.mbma.com. 
131. MCA - Metal Construction Association; www.metalconstruction.org. 
132. MFMA - Maple Flooring Manufacturers Association, Inc.; www.maplefloor.org. 
133. MFMA - Metal Framing Manufacturers Association, Inc.; www.metalframingmfg.org. 
134. MHIA - Material Handling Industry of America; www.mhia.org. 
135. MIA - Marble Institute of America; www.marble-institute.com. 
136. MMPA - Moulding & Millwork Producers Association; (Formerly:  Wood Moulding & 

Millwork Producers Association); www.wmmpa.com. 
137. MPI - Master Painters Institute; www.paintinfo.com. 
138. MSS - Manufacturers Standardization Society of The Valve and Fittings Industry Inc.; 

www.mss-hq.org. 
139. NAAMM - National Association of Architectural Metal Manufacturers; 

www.naamm.org. 
140. NACE - NACE International; (National Association of Corrosion Engineers 

International); www.nace.org. 
141. NADCA - National Air Duct Cleaners Association; www.nadca.com. 
142. NAIMA - North American Insulation Manufacturers Association; www.naima.org. 
143. NALP – National Association of Landscape Professionals (Formerly Professional 

Landcare Network); www.landscapeprofessionals.org. 
144. NBGQA - National Building Granite Quarries Association, Inc.; www.nbgqa.com. 
145. NBI – New Buildings Institute; www.newbuildings.org. 
146. NCAA - National Collegiate Athletic Association (The); www.ncaa.org. 
147. NCMA - National Concrete Masonry Association; www.ncma.org. 
148. NEBB - National Environmental Balancing Bureau; www.nebb.org. 
149. NECA - National Electrical Contractors Association; www.necanet.org. 
150. NeLMA - Northeastern Lumber Manufacturers Association; www.nelma.org. 
151. NEMA - National Electrical Manufacturers Association; www.nema.org. 
152. NETA - InterNational Electrical Testing Association; www.netaworld.org. 
153. NFHS - National Federation of State High School Associations; www.nfhs.org. 
154. NFPA - National Fire Protection Association; www.nfpa.org. 
155. NFPA - NFPA International; (See NFPA). 
156. NFRC - National Fenestration Rating Council; www.nfrc.org. 
157. NHLA - National Hardwood Lumber Association; www.nhla.com. 
158. NICET - National Institute for Certification in Engineering Technologies; www.nicet.org. 
159. NLGA - National Lumber Grades Authority; www.nlga.org. 
160. NOFMA - National Oak Flooring Manufacturers Association; (See NWFA). 
161. NOMMA - National Ornamental & Miscellaneous Metals Association; www.nomma.org. 
162. NRCA - National Roofing Contractors Association; www.nrca.net. 
163. NRMCA - National Ready Mixed Concrete Association; www.nrmca.org. 
164. NSF - NSF International; www.nsf.org. 
165. NSPE - National Society of Professional Engineers; www.nspe.org. 
166. NSSGA - National Stone, Sand & Gravel Association; www.nssga.org. 
167. NTMA - National Terrazzo & Mosaic Association, Inc. (The); www.ntma.com. 
168. NWFA - National Wood Flooring Association; www.nwfa.org. 
169. PCI - Precast/Prestressed Concrete Institute; www.pci.org. 
170. PDI - Plumbing & Drainage Institute; www.pdionline.org. 
171. PLANET - Professional Landcare Network; (See NALP). 
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172. PLASA - PLASA; (Formerly:  ESTA - Entertainment Services and Technology 
Association); www.plasa.org. 

173. PTI - Post-Tensioning Institute; www.post-tensioning.org. 
174. RCSC - Research Council on Structural Connections; www.boltcouncil.org. 
175. RFCI - Resilient Floor Covering Institute; www.rfci.com. 
176. RIS - Redwood Inspection Service; www.redwoodinspection.com. 
177. SAE - SAE International; www.sae.org. 
178. SCTE - Society of Cable Telecommunications Engineers; www.scte.org. 
179. SDI - Steel Deck Institute; www.sdi.org. 
180. SDI - Steel Door Institute; www.steeldoor.org. 
181. SEFA - Scientific Equipment and Furniture Association; www.sefalabs.com. 
182. SEI/ASCE - Structural Engineering Institute/American Society of Civil Engineers; (See 

ASCE). 
183. SGCC - Safety Glazing Certification Council; www.sgcc.org. 
184. SIA - Security Industry Association; www.siaonline.org. 
185. SJI - Steel Joist Institute; www.steeljoist.org. 
186. SMA - Screen Manufacturers Association; www.smainfo.org. 
187. SMACNA - Sheet Metal and Air Conditioning Contractors' National Association; 

www.smacna.org. 
188. SMPTE - Society of Motion Picture and Television Engineers; www.smpte.org. 
189. SPFA - Spray Polyurethane Foam Alliance; www.sprayfoam.org. 
190. SPIB - Southern Pine Inspection Bureau; www.spib.org. 
191. SPRI - Single Ply Roofing Industry; www.spri.org. 
192. SRCC - Solar Rating and Certification Corporation; www.solar-rating.org. 
193. SSINA - Specialty Steel Industry of North America; www.ssina.com. 
194. SSPC - SSPC:  The Society for Protective Coatings; www.sspc.org. 
195. STI - Steel Tank Institute; www.steeltank.com. 
196. SWI - Steel Window Institute; www.steelwindows.com. 
197. SWPA - Submersible Wastewater Pump Association; www.swpa.org. 
198. TABB - Testing, Adjusting and Balancing Bureau; www.tabbcertified.org. 
199. TCA - Tilt-Up Concrete Association; www.tilt-up.org. 
200. TCNA - Tile Council of North America, Inc.; www.tileusa.com. 
201. TEMA - Tubular Exchanger Manufacturers Association, Inc.; www.tema.org. 
202. TIA - Telecommunications Industry Association; (Formerly:  TIA/EIA - 

Telecommunications Industry Association/Electronic Industries Alliance); 
www.tiaonline.org. 

203. TIA/EIA - Telecommunications Industry Association/Electronic Industries Alliance; (See 
TIA). 

204. TMS - The Masonry Society; www.masonrysociety.org. 
205. TPI - Truss Plate Institute; www.tpinst.org. 
206. TPI - Turfgrass Producers International; www.turfgrasssod.org. 
207. TRI - Tile Roofing Institute; www.tileroofing.org. 
208. UFAC - Upholstered Furniture Action Council; www.ufac.org. 
209. UL - Underwriters Laboratories Inc.; www.ul.com. 
210. ULC - Underwriters Laboratories of Canada; www.ulc.ca. 
211. UNI - Uni-Bell PVC Pipe Association; www.uni-bell.org. 
212. USAV - USA Volleyball; www.usavolleyball.org. 
213. USBA - United States Badminton Association; www.usabadminton.org. 
214. USGBC - U.S. Green Building Council; www.usgbc.org. 
215. USITT - United States Institute for Theatre Technology, Inc.; www.usitt.org. 
216. WA – Wallcoverings Association; www.wallcoverings.org. 
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217. WASTEC - Waste Equipment Technology Association; www.wastec.org. 
218. WCLIB - West Coast Lumber Inspection Bureau; www.wclib.org. 
219. WCMA - Window Covering Manufacturers Association; www.wcmanet.org. 
220. WDMA - Window & Door Manufacturers Association; www.wdma.com. 
221. WI - Woodwork Institute; (Formerly:  WIC - Woodwork Institute of California); 

www.wicnet.org. 
222. WMMPA - Wood Moulding & Millwork Producers Association; (See MMPA). 
223. WSRCA - Western States Roofing Contractors Association; www.wsrca.com. 
224. WWPA - Western Wood Products Association; www.wwpa.org. 

B. Code Agencies:  Where abbreviations and acronyms are used in Specifications or other Contract 
Documents, they shall mean the recognized name of the entities in the following list.  This 
information is believed to be accurate as of the date of the Contract Documents. 

1. IAPMO - International Association of Plumbing and Mechanical Officials; 
www.iapmo.org. 

2. ICC - International Code Council; www.iccsafe.org. 
3. ICC-ES - ICC Evaluation Service, LLC; www.icc-es.org. 

C. Federal Government Agencies:  Where abbreviations and acronyms are used in Specifications 
or other Contract Documents, they shall mean the recognized name of the entities in the 
following list.  Information is subject to change and is believed to be accurate as of the date of 
the Contract Documents. 

1. CPSC - Consumer Product Safety Commission; www.cpsc.gov. 
2. DOC - Department of Commerce; National Institute of Standards and Technology; 

www.nist.gov. 
3. DOE - Department of Energy; www.energy.gov. 
4. EPA - Environmental Protection Agency; www.epa.gov. 
5. FAA - Federal Aviation Administration; www.faa.gov. 
6. FCC - Federal Communications Commission; www.fcc.gov. 
7. FG - Federal Government Publications; www.gpo.gov. 
8. GSA - General Services Administration; www.gsa.gov. 
9. HUD - Department of Housing and Urban Development; www.hud.gov. 
10. LBL - Lawrence Berkeley National Laboratory; Environmental Energy Technologies 

Division; http://eetd.lbl.gov. 
11. NIST - National Institute of Standards and Technology; www.nist.gov. 
12. OSHA - Occupational Safety & Health Administration; www.osha.gov. 
13. SD - Department of State; www.state.gov. 
14. TRB - Transportation Research Board; National Cooperative Highway Research 

Program; www.trb.org. 
15. USDA - Department of Agriculture; Agriculture Research Service; U.S. Salinity 

Laboratory; www.ars.usda.gov. 
16. USDA - Department of Agriculture; Rural Utilities Service; www.usda.gov. 
17. USDJ - Department of Justice; Office of Justice Programs; National Institute of Justice; 

www.ojp.usdoj.gov. 
18. USP - U.S. Pharmacopeia; www.usp.org. 
19. USPS - United States Postal Service; www.usps.com. 
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D. Standards and Regulations:  Where abbreviations and acronyms are used in Specifications or 
other Contract Documents, they shall mean the recognized name of the standards and 
regulations in the following list.  This information is subject to change and is believed to be 
accurate as of the date of the Contract Documents. 

1. ADAAG - Accessibility Guidelines for Buildings and Facilities, Available from United 
States Access Board; www.access-board.gov. 

2. AHERA - Asbestos Hazard Emergency Response Act, Available from US Environmental 
Protection Agency; www.epa.gov. 

3. BCNYS - Building Code of New York State, Available from New York State 
Department of State; www.dos.ny.gov/DCEA/. 

4. CFR - Code of Federal Regulations; Available from Government Printing Office; 
www.gpo.gov/fdsys. 

5. DSCC - Defense Supply Center Columbus; (See FS). 

6. FED-STD - Federal Standard; (See FS). 

7. FS - Federal Specification; Available from DLA Document Services; 
www.quicksearch.dla.mil. 

a. Available from Defense Standardization Program; www.dsp.dla.mil. 
b. Available from General Services Administration; www.gsa.gov. 
c. Available from National Institute of Building Sciences/Whole Building Design 

Guide; www.wbdg.org/ccb. 

8. IBC - International Building Code, Available from International Code Council; 
www.iccsafe.org. 

9. LEED - Leadership in Energy and Environmental Design (Green Building Rating 
Systems), Available from U.S. Green Building Council; www.usgbc.org. 

10. MILSPEC - Military Specification and Standards; (See DOD). 

11. NEC - National Electrical Code, Available from NFPA (National Fire Protection 
Association); www.nfpa.org. 

12. NSPC - National Standard Plumbing Code, Available from Plumbing-Heating-Cooling 
Contractors Association; www.phccweb.org. 

13. NYSED/MPS - New York State Education Department Manual of Planning Standards, 
Available from New York State Education Department (Facilities Planning); 
www.p12.nysed.gov/facplan/forms.html. 

14. USAB - United States Access Board; www.access-board.gov. 

15. UFAS - Uniform Federal Accessibility Standards Available from Access Board; 
www.access-board.gov. 



Tetra Tech REFERENCES 
Architects & Engineers Project No. 203778-21001 01 42 00 / Page 9 

16. USATBCB - U.S. Architectural & Transportation Barriers Compliance Board; (See 
USAB). 

E. State Government Agencies:  Where abbreviations and acronyms are used in Specifications or 
other Contract Documents, they shall mean the recognized name of the entities in the following 
list.  This information is subject to change and is believed to be accurate as of the date of the 
Contract Documents. 

1. CBHF - State of California; Department of Consumer Affairs; Bureau of Electronic 
Appliance and Repair, Home Furnishings and Thermal Insulation; www.bearhfti.ca.gov. 

2. NYSDEC - New York State Department of Environmental Conservation; 
www.dec.ny.gov. 

3. NYSDOH - New York State Department of Health; www.health.ny.gov. 
4. NYSDOT - New York State Department of Transportation; www.dot.ny.gov. 
5. NYSED - New York State Education Department (Facilities Planning); 

www.p12.nysed.gov/facplan/. 
6. NYSERDA - New York State Energy Research and Development Authority; 

www.nyserda.ny.gov. 
7. OSHPD - Office of Statewide Health Planning and Development (State of California); 

www.oshpd.ca.gov. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 42 00 
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SECTION 01 50 00 - TEMPORARY FACILITIES & CONTROLS 

PART 1 -  GENERAL 

1.1 SUMMARY 

A. This Section includes requirements for temporary facilities and controls, including temporary utili-
ties, support facilities, and security and protection. 

B. Temporary utilities include, but are not limited to, the following: 
1. Water service and distribution. 
2. Temporary electric power and light. 
3. Temporary heat. 
4. Ventilation. 
5. Telephone service. 
6. Sanitary facilities, including drinking water. 
7. Storm and sanitary sewer. 

C. Support facilities include, but are not limited to, the following: 
1. Field offices and storage sheds. 
2. Architects/Engineers field office. 
3. Temporary roads and paving. 
4. Dewatering facilities and drains. 
5. Temporary enclosures. 
6. Hoists and temporary elevator use. 
7. Temporary project identification signs and bulletin boards. 
8. Waste disposal services. 
9. Rodent and pest control. 
10. Construction aids and miscellaneous services and facilities. 

D. Security and protection facilities include, but are not limited to, the following: 
1. Temporary fire protection. 
2. Barricades, warning signs, and lights. 
3. Environmental protection. 
4. Tree and plant protection. 
5. Pest control. 
6. Security enclosure and lockup. 
7. Temporary enclosures. 
8. Temporary partitions. 

1.2 DIVISION OF RESPONSIBILITIES 

A. General:   Each prime contractor is specifically assigned certain responsibilities for temporary ser-
vices and facilities to be used by other prime contractors, and other nonprime contractors and sep-
arate entities at the site, Owner’s workforces, Construction Manager, Architect, testing agencies, 
personnel of governing authorities, and personnel authorized to be at project site during contract 
time. The General Construction Work Contractor (Contract #1) is responsible for providing tem-
porary facilities and controls that are not normal construction activities of other prime contractors 
and are not specifically assigned otherwise by the Contract Documents. 
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1.3 USE CHARGES 

A. General:  Cost or use charges for temporary facilities are not chargeable to the Owner or the Ar-
chitect.  The Architect will not accept a prime contractor's cost or use charges for temporary ser-
vices or facilities as a basis of claim for an adjustment in the Contract Sum or the Contract Time. 

B. Water Service:  Use water from the Owner's existing water system without metering and without 
payment of use charges if available.  If not available contractor must supply water required for the 
performance of their work. 

C. Electric Power Service:  Temporary electric power including set-up, maintenance and use charges 
is the responsibility of the General Work Contractor (Contract #1). 

1. Use of electric power from the Owner's permanent power system (when operational) will 
be granted to all prime contractors without payment of use charges.  

1.4 SUBMITTALS 

A. Temporary Utilities:  The prime contractor shall submit reports of tests, inspections, meter read-
ings, and similar procedures performed on temporary utilities. 

B. Implementation and Termination Schedule:  Within 15 days of the date established for submittal 
of the Contractor's Construction Schedule, each prime contractor shall submit a schedule indicat-
ing implementation and termination of each temporary utility for which the Contractor is respon-
sible. 

C. Temporary Signage:  Provide shop drawings, indicating the size and layout of the signs, color 
choices for Owner selection and installation details.  Temporary site signage is by the General 
contractor. 

1.5 QUALITY ASSURANCE 

A. Regulations:  The prime contractor shall comply with industry standards and with applicable laws 
and regulations of authorities having jurisdiction including, but not limited to, the following: 
1. Building code requirements. 
2. Health and safety regulations. 
3. Utility company regulations. 
4. Police, fire department and rescue squad rules. 
5. Environmental protection regulations. 

B. Standards:  The prime contractor shall comply with NFPA 241 "Standard for Safeguarding Con-
struction, Alterations, and Demolition Operations," ANSI-A10 Series standards for "Safety Re-
quirements for Construction and Demolition," and NECA Electrical Design Library "Temporary 
Electrical Facilities." 
1. Trade Jurisdictions:  Assigned responsibilities for installation and operation of temporary 

utilities are not intended to interfere with the normal application of trade regulations and 
union jurisdictions. 

2. Electrical Service:  Comply with NEMA, NECA and UL standards and regulations for 
temporary electric service.  Install service to comply with NFPA 70. 

C. Inspections:  Arrange for authorities having jurisdiction to inspect and test each temporary utility 
before use.  Obtain required certifications and permits. 
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1.6 PROJECT CONDITIONS 

A. Temporary Utilities:  The prime contractor shall prepare a schedule indicating dates for implemen-
tation and termination of each temporary utility for which the Contractor is responsible.  At the 
earliest feasible time, when acceptable to the Owner, change over from use of temporary service to 
use of permanent service. 
1. Temporary Use of Permanent Facilities:  The Installer of each permanent service shall as-

sume responsibility for its operation, maintenance, and protection during use as a con-
struction facility prior to the Owner's acceptance, regardless of previously assigned re-
sponsibilities. 

B. Conditions of Use:  Keep temporary services and facilities clean and neat in appearance.  Operate 
in a safe and efficient manner.  Relocate temporary services and facilities as the Work progresses.  
Do not overload facilities or permit them to interfere with progress.  Take necessary fire-
prevention measures.  Do not allow hazardous, dangerous, or unsanitary conditions, or public nui-
sances to develop or persist on-site. 

PART 2 -  PRODUCTS 

2.1 MATERIALS 

A. General:  The prime contractor shall provide new materials.  If acceptable to the Architect, un-
damaged, previously used materials in serviceable condition may be used.  Provide materials suit-
able for use intended. 

B. Lumber and Plywood:  Comply with requirements in Division 6 Section "Rough Carpentry." 
1. For job-built temporary offices, shops, and sheds within the construction area, provide 

UL-labeled, fire-treated lumber and plywood for framing, sheathing, and siding. 
2. For signs and directory boards, provide exterior-type, Grade B-B high-density concrete 

form overlay plywood of sizes and thicknesses indicated. 
3. For fences and vision barriers, provide minimum 3/8-inch- thick exterior plywood. 
4. For safety barriers, sidewalk bridges, and similar uses, provide minimum 5/8-inch- thick 

exterior plywood. 

C. Pavement: Comply with Division 2 Pavement Sections 

D. Insulation:  Unfaced mineral-fiber blanket manufactured from glass, slag wool, or rock wool; with 
maximum flame spread and smoke developed indices of 25 and 50, respectively. 

E. Gypsum Wallboard:  Provide gypsum wallboard on interior walls of temporary offices. 

F. Roofing Materials:  Provide UL Class A standard-weight asphalt shingles or UL Class C mineral-
surfaced roll roofing on roofs of job-built temporary offices, shops, and sheds. 

G. Paint:  Comply with requirements of Division 9 Section "Painting." 
1. For job-built temporary offices, shops, sheds, fences, and other exposed lumber and ply-

wood, provide exterior-grade acrylic-latex emulsion over exterior primer. 
2. For sign panels and applied graphics, provide exterior-grade alkyd gloss enamel over exte-

rior primer. 
3. For interior walls of temporary offices, provide 2 coats interior latex-flat wall paint. 

H. Tarpaulins:  Provide waterproof, fire-resistant, UL-labeled tarpaulins with flame-spread rating of 
15 or less.  For temporary enclosures, provide translucent, nylon-reinforced, laminated polyeth-
ylene or polyvinyl chloride, fire-retardant tarpaulins. 

I. Water:  Provide potable water approved by local health authorities. 
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J. Open-Mesh Fencing:  Provide 0.12-inch- thick, galvanized 2-inch chainlink fabric fencing 6 feet 
high with galvanized barbed-wire top strand and galvanized steel pipe posts, 1-1/2 inches I.D. for 
line posts and 2-1/2 inches I.D. for corner posts. 

2.2 EQUIPMENT 

A. General:  The prime contractor shall provide new equipment.  If acceptable to the Architect, un-
damaged, previously used equipment in serviceable condition may be used.  Provide equipment 
suitable for use intended. 

B. Water Hoses:  Provide 3/4-inch heavy-duty, abrasion-resistant, flexible rubber hoses 100 feet long, 
with pressure rating greater than the maximum pressure of the water distribution system.  Provide 
adjustable shutoff nozzles at hose discharge. 

C. Electrical Outlets:  Provide properly configured, NEMA-polarized outlets to prevent insertion of 
110- to 120-V plugs into higher voltage outlets.  Provide receptacle outlets equipped with ground-
fault circuit interrupters, reset button, and pilot light for connection of power tools and equipment. 

D. Electrical Power Cords:  Provide grounded extension cords.  Use hard-service cords where ex-
posed to abrasion and traffic.  Provide waterproof connectors to connect separate lengths of elec-
tric cords if single lengths will not reach areas where construction activities are in progress.  Do 
not exceed safe length-voltage ratio. 

E. Lamps and Light Fixtures:  Provide general service incandescent lamps of wattage required for 
adequate illumination.  Provide guard cages or tempered-glass enclosures, where exposed to 
breakage.  Provide exterior fixtures where exposed to moisture. 

F. Heating Units:  Provide temporary heating units that have been tested and labeled by UL, FM, or 
another recognized trade association related to the type of fuel being consumed. 

G. Temporary Offices:  Each prime contractor shall provide its own prefabricated or mobile units or 
similar job-built construction with lockable entrances, operable windows, and serviceable finishes.  
Provide heated and air-conditioned units on foundations adequate for normal loading. 

H. Temporary Toilet Units:  Provide self-contained, single-occupant toilet units of the chemical, aer-
ated recirculation, or combustion type.  Provide units properly vented and fully enclosed with a 
glass-fiber-reinforced polyester shell or similar nonabsorbent material. 

I. Fire Extinguishers:  Provide hand-carried, portable, UL-rated, Class A fire extinguishers for tem-
porary offices and similar spaces.  In other locations, provide hand-carried, portable, UL-rated, 
Class ABC, dry-chemical extinguishers or a combination of extinguishers of NFPA-recommended 
classes for the exposures. 
1. Comply with NFPA 10 and NFPA 241 for classification, extinguishing agent, and size re-

quired by location and class of fire exposure. 

PART 3 -  EXECUTION 

3.1 TEMPORARY UTILITY INSTALLATION 

A. General:  Engage the appropriate local utility company to install temporary service or connect to 
existing service.  Where the company provides only part of the service, provide the remainder with 
matching, compatible materials and equipment.  Comply with company recommendations. 
1. Arrange with the company and existing users for a time when service can be interrupted, if 

necessary, to make connections for temporary services. 
2. Provide adequate capacity at each stage of construction.  Prior to temporary utility availa-

bility, provide trucked-in services. 
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3. Obtain easements to bring temporary utilities to the site where the Owner's easements 
cannot be used for that purpose. 

B. Water Service: The General Work Contractor (Contract #1) shall provide and maintain temporary 
water service and distribution piping of sizes and pressures adequate for construction and hose 
bibs on site as to provide service to all areas of construction activities as directed by the Architect, 
as required throughout the construction period.   
1. Water service shall be potable and modified as required or as directed by the Architect, as 

Work progressed. 
a. Sterilization:  Sterilize temporary water piping prior to use. 

2. Wash Facilities:  Install wash facilities supplied with potable water at convenient locations 
for personnel who handle materials that require wash up.  Dispose of drainage properly.  
Supply cleaning compounds appropriate for each type of material handled. 

3. Drinking Water Facilities:  Provide bottled water drinking water units. 
a. Where power is accessible, the General Work Contractor (Contract #1) shall pro-

vide electric water coolers to maintain dispensed water temperature at 45 to 55 
deg F. Provide one per floor. 

b. The Prime Contractor shall provide containerized, tap-dispenser, bottled-water 
drinking-water units, including paper cup supply. 

4. Provide safety showers, eyewash fountains, and similar facilities for convenience, safety, 
and sanitation of personnel. 

5. Users shall provide their own hoses to points of need, but shall practice prudent conserva-
tion. 

C. Temporary Electric Power Service:  The General Work Contractor (Contract #1) shall provide and 
maintain temporary electric service consisting of main power hook-up and panel board and tempo-
rary lighting for site and existing building. Temporary service shall be maintained during all work 
days, and shall comply with all codes and regulations.  System shall be modified as required or as 
directed by the Construction Manager as work progresses.  

D. Temporary Telephones:  Each Prime Contractor shall provide temporary telephone service 
throughout the construction period for all personnel engaged in construction activities.   
1. Contractors are required to lease or purchase a cellular telephone – to be used by their site 

superintendents for communication with the other primes and the Architect.  
2. Provide telephone lines for the following: 

a. Provide a dedicated telephone line for a fax machine in each prime contractor's 
field office. 

b. At each telephone, post a list of important telephone numbers. 

E. Sanitary Facilities:  The General Work Contractor (Contract #1) shall provide temporary portable 
chemical toilet facilities for all construction personnel.  Comply with regulations and health codes 
for the type, number, location, operation, and maintenance of fixtures and facilities.  Install where 
facilities will best serve the Project's needs. 
1. Provide toilet tissue, paper towels, paper cups, and similar disposable materials for each 

facility.  Provide covered waste containers for used material. 
2. Toilets:  Install self-contained toilet units.  Shield toilets to ensure privacy.  Use of pit-

type privies will not be permitted. 
a. Provide separate facilities for male and female personnel. 

F. Temporary Construction: 
1. Temporary bridging, decks, hoists, lifts, scaffolding, and cranes shall be the responsibility 

of Contractor requiring same. 
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2. Provide temporary partitions to separate construction area from adjacent occupied areas.  
Construct partitions with non-combustible materials or fire-retardant plywood and seal 
seams and gaps to control transmission of dust to occupied areas.  After completion of 
work, remove partitions and restore surfaces damaged by temporary provisions.  This 
work is the responsibility of the General Work Contractor (Contract #1) 

3. Temporary perimeter and stairwell barricades at grade changes and multiple levels, shall 
be installed and maintained under the General Work Contractor (Contract #1); if a Con-
tractor should need to temporarily relocate barrier, same Contractor shall protect personnel 
in the area and replace barrier to original location.  This clause does not void any Contrac-
tor’s liability to maintain a safe work site, but merely to assign temporary work to one 
contract. 

4. Temporary entrances and exits to the building, shall be furnished, installed and maintained 
under the General Work Contractor (Contract #1) as directed by the Construction Manag-
er.  Exits shall be maintained for exiting in emergency conditions until permanent struc-
tures are in place. 

G. Daily cleanup 
1. Dumpsters are to be provided by the General Contractor. Dumpsters will be inspected to 

assure they are not misused and removed and hauled to a recycling center off site for pro-
cessing.  CONSTRUCTION MANAGER will not be responsible for the removal of any 
hazardous materials, this will be the responsibility of the prime contractor doing the same. 

2. The maintenance of a clean work site shall be the responsibility of each Contractor. 
3. Each Contractor shall remove own debris daily from work area to waste disposal contain-

ers (dumpsters), time lapse not acceptable. 
4. The condition of cleanliness in which an area is found, is the condition each Contractor 

shall leave. 
5. Each and every Contractor working on site shall submit manpower on Friday at 8 A.M. to 

work as a team to remove debris to dumpsters until complete.  At discretion of Construc-
tion Manager, a Contractor not complying may be back-charged for work performed by 
others.  The responsibility of broom cleaning and debris disposal remains with General 
Construction Contract (#1) and shall include use of sweeping compound. 

6. Final cleaning shall be the responsibility of each Prime Contractor for his/her own work. 
7. Protection of Work:  Each Prime Contractor is reminded to temporarily protect work in 

place until accepted by the Owner per Article 10 of the General Conditions of the Con-
tract. 

8. Collection and Disposal of Waste:  Collect waste from construction areas and elsewhere 
daily.  Comply with requirements of NFPA 241 for removal of combustible waste material 
and debris.  Enforce requirements strictly.  Do not hold materials more than 3 days during 
normal weather or 1 day when the temperature is expected to rise above 80°F (27°C).  
Handle hazardous, dangerous, or unsanitary waste materials separately from other waste 
by containerizing properly.  Dispose of material lawfully.  First aid requirements are the 
responsibility of each Contractor.  Retain paragraph above where potable water is accessi-
ble from permanent or temporary lines.  Where potable water is not available, retain para-
graph below. 

3.2 INSTALLATION 

A. Use qualified personnel for installation of temporary facilities.  Locate facilities where they will 
serve the Project adequately and result in minimum interference with performance of the Work.  
Relocate and modify facilities as required. 



The Palombo Group 01 50 00 - 7 TEMPORARY FACILITIES & 
CONTROLS 

 

B. The prime contractor shall provide each facility ready for use when needed to avoid delay.  Main-
tain and modify as required.  Do not remove until facilities are no longer needed or are replaced by 
authorized use of completed permanent facilities. 

C. The prime Contractor will be responsible for hookup of their own project trailers.  Use of energy, 
including heat (shall be set back at night) if practical from electric service will be available.  If 
abused, power from temporary service will be disconnected.  All installations shall conform to 
strictest standards.   

3.3 SUPPORT FACILITIES INSTALLATION 

A. Each Prime contractor is to have a field office.  Locate field offices, storage sheds, sanitary facili-
ties, and other temporary construction and support facilities for easy access as directed by the 
Construction Manager. 
1. Maintain support facilities until near Substantial Completion.  Remove prior to Substantial 

Completion.  Personnel remaining after Substantial Completion will be permitted to use 
permanent facilities, under conditions acceptable to the Owner. 

B. Provide incombustible construction for offices, shops, and sheds located within the construction 
area or within 30 feet of building lines.  Comply with requirements of NFPA 241. 

C. Field Offices:  Each prime contractor shall provide an insulated, weathertight temporary office of 
sufficient size to accommodate required office personnel at the Project Site.  Keep the office clean 
and orderly for use for small meetings.  Furnish and equip offices as follows:  
1. Furniture:  Furnish with a desk and chairs, a 2-drawer file cabinet, plan table, plan rack, 

and a bookcase. 
2. Equip with a water cooler and private toilet complete with water closet, lavatory, and 

medicine cabinet unit with a mirror. 

D. Storage and Fabrication Sheds:  Install storage and fabrication sheds sized, furnished, and 
equipped to accommodate materials and equipment involved, including temporary utility service.  
Sheds may be open shelters or fully enclosed spaces within the building or elsewhere on-site. 

E. Temporary Parking/Staging and Access Roads 
1. Temporary roads are installed and/or maintained by the General Contractor (Contract #1) 

where designated on site logistics plans. 
2. Contractors will be permitted to utilize existing roads, as designated (as segregated by the 

Owner  - if required). 

3. Road Cleaning: Maintain roads and walkways in an acceptably clean condition.  This in-
cludes the removal of debris daily, if required, and/or a minimum of once a week due to 
all project traffic.  Road cleaning equipment to be wet/vacuum type.  The General Con-
tractor (Contract #1) will clean the roads affected by all contract work.  The General Con-
tractor (Contract #1) will maintain roads until project completion. 

4. Contractor Parking/ Staging Area: General Work Contractor (Contract #1) shall maintain 
access for suitable parking areas as indicated on Logistics plans. Re-grade, re-seed and re-
store any areas disturbed by parking/ staging. 
a. Parking Areas: Includes contractors’ employees and construction vehicle parking.  

Minimum of 6” reference Item. #304.3 course. 
b. Access Roads:  Includes access roads for delivery through staging area to building 

work areas, and to equipment and storage areas and sheds.  Minimum of 9” refer-
ence Item. #304.3 course. 

5. Temporary parking by construction personnel shall be allowed only in areas so designat-
ed.   
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6. Traffic Regulations: 
a. Utilize only entrances/temporary roads as designated 
b. Construction parking will not be allowed adjacent to residential buildings, addi-

tions or monuments. 
7. Traffic Controls:  The General Work Contractor (Contract #1) provide temporary traffic 

controls at junction of temporary roads with public roads.  Include warning signs for pub-
lic traffic and “STOP” signs for entrance onto public roads.  Comply with requirements of 
authorities having jurisdiction. 

F. De-watering Facilities and Drains:  
1. For temporary drainage and dewatering facilities and operations not directly associated 

with construction activities included under individual Sections, comply with dewatering 
requirements of applicable Division 2 Sections.  Where feasible, use the same facilities.  
Maintain the site, excavations, and construction free of water. 

2. For temporary drainage and de-watering facilities and operations directly associated with 
the building and other construction activities, comply with Division 2; General Work Con-
tractor (Contract #1) is directly responsible for de-watering of all excavations. 

G. Temporary Enclosures:  The General Work contractor (Contract #1) shall provide temporary en-
closure for protection of construction in progress and completed, from exposure, foul weather, 
other construction operations, and similar activities as follows unless otherwise noted: 

 
1. Install tarpaulins securely, with incombustible wood framing and other materials.  Close 

openings of 25 sq. ft. (2.3 sq. m) or less with plywood of similar materials. 
2. Close openings through floor decks and horizontal surfaces with load-bearing, wood-

framed construction. 
3. Where temporary wood or plywood enclosure exceeds 100 sq. ft. (9.2 sq. m) in area, use 

UL-labeled, fire-retardant treated material for framing and main sheathing. 
4. Generally, temporary closures for specific openings for a prime contractor to perform their 

work openings are the responsibility of Contractor creating the opening and shall be in-
stalled to protect building from exterior elements.  

5. Temporary partitions shall be installed at all openings where additions connect to existing 
buildings, and where required to protect areas, spaces, property, personnel, students, and 
faculty; to separate and control dust, debris, noise, access, sight, fire areas, safety and se-
curity and to separate phased construction areas per the phasing plan.  Temporary parti-
tions shall be installed and maintained.  Construction material and methods to suit need as 
determined by Construction Manager. 

6. Temporary Lifts and Hoists:  Provide facilities for hoisting materials and employees.  
Truck cranes and similar devices used for hoisting materials are considered “tools and 
equipment” and not temporary facilities. 

H. Temporary Signs:  Prepare signs to provide directional information to construction personnel and 
visitors as follows:  The General Contractor (Contract #1) shall furnish and install construction 
signage as required: 

 
a. Engage an experienced sign painter to apply graphics.  Comply with details indi-

cated. 
b. For construction traffic control/flow at entrances/exits, as designated by the Own-

er (3 required) 
c. To direct visitors  (1 required) 
d. For construction parking  (1 required) 
e. To direct deliveries  (2 required) 
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f. For warning signs as required 
g. Per OSHA standards as necessary 
h. For trailer identification 
i. Temporary exit signs 

 

I. Collection and Disposal of Waste:  Collect waste from construction areas and elsewhere daily.  
Comply with requirements of NFPA 241 for removal of combustible waste material and debris.  
Enforce requirements strictly.  Do not hold materials more than 7 days during normal weather or 3 
days when the temperature is expected to rise above 80 deg F.  Handle hazardous, dangerous, or 
unsanitary waste materials separately from other waste by containerizing properly.  Dispose of 
material lawfully. 

3.4 SECURITY AND PROTECTION FACILITIES INSTALLATION 

A. Operations of the Contractor may not block, hinder, impede, or otherwise inhibit the safe and ex-
peditious exiting of the building’s occupants during an emergency. 

B. In the event of an emergency, (designated by the sounding of the fire alarm system) all construc-
tion activities must immediately cease.  Contractor’s work force will evacuate themselves from 
work areas and remain outside of work areas until the “all clear” is given.  No work operations 
will be tolerated during the evacuation of the building or during an emergency. 

C. Temporary Facility Changeover:  Except for using permanent fire protection as soon as available, 
do not change over from using temporary security and protection facilities to permanent facilities 
until Substantial Completion, or longer, as requested by the Architect. 

D. Temporary Fire Protection:  General Work Contractor (Contract #1) shall provide, until fire-
protection needs are supplied by permanent facilities, install and maintain temporary fire-
protection facilities of the types needed to protect against reasonably predictable and controllable 
fire losses.  Comply with NFPA 10, "Standard for Portable Fire Extinguishers," and NFPA 241, 
"Standard for Safeguarding Construction, Alterations, and Demolition Operations." 
1. Locate fire extinguishers where convenient and effective for their intended purpose, but 

not less than one extinguisher on each floor at or near each usable stairwell. 
2. Store combustible materials in containers in fire-safe locations. 
3. Maintain unobstructed access to fire extinguishers, fire hydrants, temporary fire-protection 

facilities, stairways, and other access routes for fighting fires.  Prohibit smoking in haz-
ardous fire-exposure areas. 

4. Provide supervision of welding operations, combustion-type temporary heating units, and 
similar sources of fire ignition. 

5. Permanent Fire Protection:  At the earliest feasible date in each area of the Project, com-
plete installation of the permanent fire-protection facility, including connected services, 
and place into operation and use.  Instruct key personnel on use of facilities. 

E. Fall Protection:    
1. The General Work Contractor (Contract #1) shall provide temporary cable top & mid rail-

ings per OSHA regulations around mechanical floor openings.  Include toe boards around 
perimeter and openings where required.  The Prime Contractor must provide his own 
means for providing OSHA approved fall protection for his work persons.  Temporary 
railings removed by a Prime Contractor for some reason other than constructing the per-
manent wall, must be immediately replaced by that Prime Contractor.  

2. The General Work Contractor (Contract #1) shall rope off all roof openings in an OSHA 
approved manner.  Include fluorescent ribbons or flags to accent the ropes 
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F. Barricades, Warning Signs, and Lights:  Comply with standards and code requirements for erect-
ing structurally adequate barricades.  Paint with appropriate colors, graphics, and warning signs to 
inform personnel and the public of the hazard being protected against.  Where appropriate and 
needed, provide lighting, including flashing red or amber lights. 

G. Enclosure Fence:  The General Contractor (Contract #1) shall before, excavation begins, install an 
enclosure fence with lockable entrance gates.  Locate where indicated, or enclose the entire site or 
the portion determined sufficient to accommodate construction operations.  Install in a manner that 
will prevent people, dogs, and other animals from easily entering the site, except by the entrance 
gates. 
1. Provide open-mesh, 8-foot high chainlink fencing with posts at 8-feet on center, set in a 

compacted mixture of gravel and earth. 
2. Provide min. 3 double swing access gates and man gates. Each gate is to have a chain and 

padlock.  
a. Provide (2) keys for each lock to the Construction Manager.  

3. Remove fence upon completion of all exterior activities or sooner if directed by Architect. 

H. Security Enclosure and Lockup:  General Work Contractor (Contract #1) shall install substantial 
temporary enclosure of partially completed areas of construction.  Provide locking entrances to 
prevent unauthorized entrance, vandalism, theft and similar violations of security. 
1. Storage:  Where materials and equipment must be stored, and are of value or attractive for 

theft, provide a secure lockup.  Enforce discipline in connection with the installation and 
release of material to minimize the opportunity for theft and vandalism. 

I. Environmental Protection:  Provide protection, operate temporary facilities, and conduct construc-
tion in ways and by methods that comply with environmental regulations, and minimize the possi-
bility that air, waterways, and subsoil might be contaminated or polluted or that other undesirable 
effects might result.  Avoid using tools and equipment that produce harmful noise.  Restrict use of 
noise-making tools and equipment to hours that will minimize complaints from persons or firms 
near the site. 

3.5 OPERATION, TERMINATION, AND REMOVAL 

A. Supervision:  Enforce strict discipline in use of temporary facilities.  Limit availability of tempo-
rary facilities to essential and intended uses to minimize waste and abuse. 

B. Maintenance:  Maintain facilities and good operating condition until removal.  Protect from dam-
age by freezing temperatures and similar elements. 
1. Maintain operation of temporary enclosures, heating, cooling, humidity control, ventila-

tion, and similar facilities on a 24-hour basis where required to achieve indicated results 
and to avoid possibility of damage. 

2. Protection:  Prevent water-filled piping from freezing.  Maintain markers for underground 
lines.  Protect from damage during excavation operations. 

C. Termination and Removal:  Unless the Construction Manager requests that it be maintained long-
er, remove each temporary facility when the need has ended, when 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 the 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 the property of each prime 

contractor.  The Owner reserves the right to take possession of project identification signs. 
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2. Remove temporary paving not intended for or acceptable for integration into permanent 
paving.  Where the area is intended for landscape development, remove soil and aggregate 
fill that do not comply with requirements for fill or subsoil in the area.  Remove materials 
contaminated with road oil, asphalt and other petrochemical compounds, and other sub-
stances that might impair growth of plant materials or lawns.  Repair or replace street pav-
ing, curbs, and sidewalks at the temporary entrances, as required by the governing authori-
ty. 

3. At Substantial Completion, clean and renovate permanent facilities used during the con-
struction period including, but not limited to, the following: 
a. Replace air filters and clean inside of ductwork and housings. 
b. Replace significantly worn parts and parts subject to unusual operating conditions. 
c. Replace lamps burned out or noticeably dimmed by hours of use. 

END OF SECTION 01 50 00 
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SECTION 01 60 00 - PRODUCT REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 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. 

1.3 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. 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. 

1.4 ACTION SUBMITTALS 

A. Comparable Product Request Submittal:  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. 

01 60 00 
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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 through Construction Manager of approval or 
rejection of proposed comparable product request. 

a. Form of Approval:  As specified in Division 01 Section "Submittal Procedures." 

B. Basis-of-Design Product Specification Submittal:  Comply with requirements in Division 01 
Section "Submittal Procedures." Show compliance with requirements. 

1.5 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. The use of asbestos containing building materials is prohibited.  

1. Contractor is responsible for providing closeout documentation certifying no asbestos 
containing building materials have been used in the Work. 

1.6 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: 

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. 
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C. Storage: 

1. Store products to allow for review 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. 

1.7 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. 

B. Special Warranties:  Prepare a written document that contains appropriate terms and 
identification, ready for execution. 

1. Manufacturer's Standard Form:  Modified to include Project-specific information and 
properly executed. 

2. Warranty periods related to Boilers and Accessory Equipment, and Air Conditioning 
Equipment do not begin until one year after the date of substantial completion.  

3. See individual Specification Sections for specific content requirements and particular 
requirements for submitting special warranties. 

C. Submittal Time:  Comply with requirements in Division 01 Section "Closeout Procedures." 

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. 
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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. 

B. Product Selection Procedures: 

1. Products: 

a. 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. 

2. Manufacturers: 

a. 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 requirements in "Comparable Products" 
Article for consideration of an unnamed manufacturer's product. 

3. 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, or a 
product by an unnamed manufacturer that complies with requirements.  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. 

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. 

1. If no product available within specified category matches and complies with other 
specified requirements, comply with requirements in Division 01 Section "Substitution 
Procedures" for proposal of product. 

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. 
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2.2 COMPARABLE PRODUCTS 

A. Conditions for Consideration of Comparable Products:  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. 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. 

3. Evidence that proposed product provides specified warranty. 

4. List of similar installations for completed projects with project names and addresses and 
names and addresses of architects and owners, if requested. 

5. Samples, if requested. 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 60 00 
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SECTION 01 73 00 - EXECUTION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes general administrative and procedural requirements governing execution of the 
Work including, but not limited to, the following: 

1. Examination of conditions. 
2. Preparation for construction. 
3. Construction layout. 
4. Field engineering and surveying. 
5. Installation of the Work. 
6. Cutting and patching. 
7. Progress cleaning. 
8. Starting and adjusting. 
9. Protection of installed construction. 
10. Correction of the Work. 

1.3 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. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For professional engineer. 
B. Structural Layout Plan: Survey of Structural Grid in relation to existing building(s). 

1.5 CLOSEOUT SUBMITTALS 

A. Certificates:  Submit certificate signed by professional engineer certifying that location and 
elevation of improvements comply with requirements. 

B. Certified Surveys:  Submit two copies signed by professional engineer. 

01 73 00 
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1.6 QUALITY ASSURANCE 

A. Land Surveyor Qualifications:  A professional land surveyor who is legally qualified to practice 
in jurisdiction where Project is located and who is experienced in providing land-surveying 
services of the kind indicated. 

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.   

C. 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, 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. 

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. 

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. 

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. 

B. In-Place Materials:  Use materials for patching identical to in-place materials.  For exposed 
surfaces, use materials that visually match in-place adjacent surfaces to the fullest extent 
possible. 

1. If identical materials are unavailable or cannot be used, use materials that, when installed, 
will provide a match acceptable to Architect for the visual and functional performance of 
in-place materials. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Existing Conditions:  The existence and location of underground and other utilities and 
construction indicated as existing are not guaranteed.  Before beginning sitework, investigate 
and verify the existence and location of underground utilities, mechanical and electrical 
systems, and other construction affecting the Work. 

1. Before construction, verify the location and invert elevation at points of connection of 
sanitary sewer, storm sewer, and water-service piping; underground electrical services, 
and other utilities. 

2. Furnish location data for work related to Project that must be performed by public 
utilities serving Project site. 

B. Examination and Acceptance of Conditions:  Before proceeding with each component of the 
Work, examine substrates, areas, and conditions, with Installer or Applicator 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. Proceed with installation only after unsatisfactory conditions have been corrected.  Proceeding 
with the Work indicates acceptance of surfaces and conditions. 

3.2 PREPARATION 

A. Existing Utility Information:  Furnish information to local utility that is necessary to adjust, 
move, or relocate existing utility structures, utility poles, lines, services, or other utility 
appurtenances located in or affected by construction.  Coordinate with authorities having 
jurisdiction. 

B. 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. 

C. Space Requirements:  Verify space requirements and dimensions of items shown 
diagrammatically on Drawings. 



EXECUTION  Tetra Tech 
01 73 00 / Page 4 Project No. 203778-21001 Architects & Engineers 

D. 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 
Division 01 Section "Project Management and Coordination." 

3.3 CONSTRUCTION LAYOUT 

A. Verification:  Before proceeding to lay out the Work, verify layout information shown on 
Drawings, in relation to the property survey and existing benchmarks.  If discrepancies are 
discovered, notify Architect and Construction Manager and Project Representative promptly. 

B. General:  Engage a professional engineer to lay out the Work using accepted surveying 
practices. 

1. Establish benchmarks and control points to set lines and levels at each story of 
construction and elsewhere as needed to locate each element of Project. 

2. Establish dimensions within tolerances indicated.  Do not scale Drawings to obtain 
required dimensions. 

3. Inform installers of lines and levels to which they must comply. 
4. Check the location, level and plumb, of every major element as the Work progresses. 
5. Notify Architect and Construction Manager and Project Representative when deviations 

from required lines and levels exceed allowable tolerances. 

C. Site Improvements:  Locate and lay out site improvements, including pavements, grading, fill 
and topsoil placement, utility slopes, and rim and invert elevations. 

D. Building Lines and Levels:  Locate and lay out control lines and levels for structures, building 
foundations, column grids, and floor levels, including those required for mechanical and 
electrical work.  Transfer survey markings and elevations for use with control lines and levels.  
Level foundations and piers from two or more locations. 

1. Structural Layout Plan:  Perform Survey of Structural Grid as provided in Contract 
Documents, including any specific Layout Notes and/or Plan.  Provide Structural Layout 
Plan for review by Engineer prior to performing any additional work. 

E. Record Log:  Maintain a log of layout control work.  Record deviations from required lines and 
levels.  Include beginning and ending dates and times of surveys, weather conditions, name and 
duty of each survey party member, and types of instruments and tapes used.  Make the log 
available for reference by Architect and Construction Manager and Project Representative. 

3.4 FIELD ENGINEERING 

A. Reference Points:  Locate existing permanent benchmarks, control points, and similar reference 
points before beginning the Work.  Preserve and protect permanent benchmarks and control 
points during construction operations. 
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1. Do not change or relocate existing benchmarks or control points without prior written 
approval of Architect or Construction Manager.  Report lost or destroyed permanent 
benchmarks or control points promptly.  Report the need to relocate permanent 
benchmarks or control points to Architect and Construction Manager before proceeding. 

2. Replace lost or destroyed permanent benchmarks and control points promptly.  Base 
replacements on the original survey control points. 

B. Benchmarks:  Establish and maintain a minimum of two permanent benchmarks on Project site, 
referenced to data established by survey control points.   

1. Record benchmark locations, with horizontal and vertical data, on Project Record 
Documents. 

2. Where the actual location or elevation of layout points cannot be marked, provide 
temporary reference points sufficient to locate the Work. 

3. Remove temporary reference points when no longer needed.  Restore marked 
construction to its original condition. 

C. Certified Survey:  On completion of foundation walls, major site improvements, and other work 
requiring field-engineering services, prepare a certified survey showing dimensions, locations, 
angles, and elevations of construction and sitework. 

3.5 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 in occupied spaces and 90 inches in 

unoccupied spaces, unless otherwise indicated. 

B. Comply with manufacturer's written instructions and recommendations for installing products in 
applications indicated. 

C. Install products at the time and under conditions that will ensure the best possible results.  
Maintain conditions required for product performance until Substantial Completion. 

D. 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. 

E. Tools and Equipment:  Do not use tools or equipment that produce harmful noise levels. 

F. 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. 
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G. 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. 

H. 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. 

I. Hazardous Materials:  Use products, cleaners, and installation materials that are not considered 
hazardous. 

3.6 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. 

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:  Avoid interference with use of adjoining areas or interruption of free 
passage to adjoining areas. 

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.   
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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. 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. 

2. 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. 

3. Ceilings:  Patch, repair, or rehang in-place ceilings as necessary to provide an even-plane 
surface of uniform appearance. 

4. 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. 
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3.7 PROGRESS CLEANING 

A. General:  Clean Project site 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. 

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 Division 01 
Section "Temporary Facilities and Controls." 

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. 
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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. 

3.8 STARTING AND ADJUSTING 

A. Coordinate startup and adjusting of equipment and operating components with requirements in 
Division 01 Section “General Commissioning Requirements.” 

B. Start equipment and operating components to confirm proper operation.  Remove 
malfunctioning units, replace with new units, and retest. 

C. Adjust equipment for proper operation.  Adjust operating components for proper operation 
without binding. 

D. Test each piece of equipment to verify proper operation.  Test and adjust controls and safeties.  
Replace damaged and malfunctioning controls and equipment. 

3.9 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. 

3.10 CORRECTION OF THE WORK 

A. Repair or remove and replace damaged, defective, or nonconforming Work.  Restore damaged 
substrates and finishes. 

1. Repairing includes replacing defective parts, refinishing damaged surfaces, touching up 
with matching materials, and properly adjusting operating equipment. 

B. Architect may issue “Construction Deficiency Report” for items identified by Architect as 
needing correction. Promptly repair or remove and replace defective construction identified in 
Construction Deficiency Report. Provide written notification to Architect when identified item 
has been corrected. 

C. Restore permanent facilities used during construction to their specified condition. 

D. Remove and replace damaged surfaces that are exposed to view if surfaces cannot be repaired 
without visible evidence of repair. 

E. Repair components that do not operate properly.  Remove and replace operating components 
that cannot be repaired. 

F. Remove and replace chipped, scratched, and broken glass or reflective surfaces. 

END OF SECTION 01 73 00 
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SECTION 01 77 00 - CLOSEOUT PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 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. All Submittals identified in Section 01 77 00 are classified as “Informational Submittals” in 
accordance with Specification Section 01 33 00. 

1.3 SUBSTANTIAL COMPLETION PROCEDURES 

A. Submittals Prior to Substantial Completion: Complete the following before Contract-scheduled 
date of Substantial Completion: 

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, electrical inspection reports, 
preliminary balance reports, and similar releases.  

2. Submit notarized letter on Contractor’s letterhead certifying no asbestos containing 
building materials have been used in the Work. Also include a copy in the Operation and 
Maintenance Manuals. 

3. Submit testing, adjusting, and balancing records. Also include a copy in the Operation 
and Maintenance Manuals. 

4. Submit changeover information related to Owner's occupancy, use, operation, and 
maintenance. 

B. Procedures Prior to Substantial Completion:  Complete the following before Contract-
scheduled date of Substantial Completion: 

1. Advise Owner of pending insurance changeover requirements. 

01 77 00 
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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. 
Maintenance to be performed by a factory authorized service representative so as not to 
void the equipment warranty. 

5. Advise Owner of changeover in heat and other utilities. 

6. Terminate and remove temporary facilities from Project site, along with mockups, 
construction tools, and similar elements. 

7. Complete all items on any Field Observation and Construction Deficiency Reports and 
submit a copy of the reports to the Architect  and Construction Manager identifying how 
each item was addressed in detail, including the date of completion. 

8. Complete final cleaning requirements as specified below, including touchup painting. 

9. Repair and restore marred exposed finishes to eliminate visual defects. 

10. Complete all items noted as requiring completion/correction from the  Commissioning 
consultant and TAB (Testing and Balancing) consultant.  

C. Inspection:  No later than 14 days prior to the Contract-scheduled date of Substantial 
Completion, the Contractor shall issue a letter to the Architect and Construction Manager 
confirming their work is on schedule for Substantial Completion by the contract specified date. 
No later than seven days after Contract-scheduled date of Substantial Completion (including 
authorized adjustments), the Architect will make an inspection to determine whether the Work 
or designated portion thereof is substantially complete. Absent the Contractor letter confirming 
readiness of work, the Architect may elect to postpone the Substantial Completion inspection. 

1. Additional Inspections:  Request additional Substantial Completion inspections when the 
work that was not complete for the scheduled Substantial Completion inspection is now 
ready to inspect.  

a. Costs for such additional Substantial Completion inspections will be deducted 
from sums otherwise due the Contractor by deduct Change Order. 

2. Results of completed inspection will form the basis of requirements for final completion. 

1.4 FUNCTIONAL COMPLETION PROCEDURES 

A. Functional Completion applies to Contract Work being Commissioned. The commissioning of 
Divisions 01, 22, 23, and 26 (as applicable to each Contractor) must be complete prior to 
Functional Completion, except for the following: 

1. Deferred Work approved in writing by the Architect.   
2. Control system training planned to be performed after occupancy and final acceptance 
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3. Any required seasonal TAB work to be formed during Warranty period.  
4. Other approved deferred testing.  

B. Completion of Commissioning required to demonstrate Functional Completion includes the 
following as applicable for all systems, but is not limited to: 

1. Completed and signed pre-functional checklists and start-up documentation. 
2. Requested trend logs complete, data and forms submitted and approved. 
3. Completion of all functional testing. 
4. Required training of Owner personnel completed and approved. 
5. Submission of final approved TAB report. 
6. Submission of final approved commissioning report. 
7. Submission of the approved O&M manuals. 
8. All identified deficiencies have been corrected or are approved in writing by the Owner 

to be excepted from this milestone. 

C. The Architect will determine the date of Functional Completion after reviewing the 
Commissioning Agent’s recommendation for Functional Completion. 

1.5 FINAL COMPLETION PROCEDURES 

A. Submittals Prior to Final Completion:  Before final inspection for determining final completion, 
complete the following: 

1. Submit copy of Architect's Substantial Completion inspection list of items to be 
completed or corrected.  The copy of the list shall state that each item has been completed 
or otherwise resolved for acceptance, what corrective action was taken, and the date of 
completion. Items that are in dispute shall have an explanation attached. 

2. Instruct Owner's personnel in operation, adjustment, and maintenance of products, 
equipment, and systems.  Submit demonstration and training video recordings specified 
in Division 01 Section "Demonstration and Training." 

3. Submit closeout submittals specified in other Division 01 Sections, including project 
record documents, operation and maintenance manuals, property surveys, and similar 
final record information. 

4. Submit closeout submittals specified in individual Specification Sections, including 
specific warranties, workmanship bonds, maintenance service agreements, final 
certifications, and similar documents. 

5. Submit maintenance material submittals specified in individual Specification Sections, 
including tools, spare parts, extra materials, and similar items, and deliver to location 
designated by Owner.  Label with manufacturer's name and model number where 
applicable. All keys shall be tagged and labeled. 

6. Certificate of Insurance:  Submit evidence of final, continuing insurance coverage 
complying with insurance requirements. 

7. Submit a final Application for Payment according to Division 01 Section "Payment 
Procedures." 
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B. Inspection:  No later than seven days after the Contract-scheduled date for final completion, 
Architect and Construction Manager will proceed with the final completion inspection. The 
Architect will review the final Certificate for Payment after the inspection or will notify the 
Contractor of the outstanding items that must be completed or corrected before the certificate 
will be processed.  

1. Reinspection: Request reinspection when the Work identified in previous inspections as 
incomplete has been completed or corrected. The Owner and Architect and Construction 
Manager reserve the right to add items to the Substantial Completion and final 
completion inspection lists as long as it is part of the Contractor’s work. Complete all 
Contract requirements prior to the final completion inspection to avoid any further re-
inspection cost. 

a. Costs for such reinspections and any costs for extension of the Architect’s and 
Construction Manager’s services will be deducted from sums otherwise due the 
Contractor. 

1.6 SUBMITTAL OF PROJECT WARRANTIES 

A. Organize warranty documents into an orderly sequence based on the table of contents of Project 
Manual. Warranties for all equipment, materials, and systems on the Project are to start no 
sooner than the date of substantial completion. Provide extended warranties for all equipment, 
materials, and systems that may have been turned over to the Owner for its use. 

B. Warranty Electronic File: Provide warranties and bonds in PDF format. Assemble complete 
warranty and bond submittal package into a single electronic PDF file with bookmarks enabling 
navigation to each item. Provide bookmarked table of contents at beginning of document. 

1. Submit two digital media copies, PDF on thumb drive. 

C. Warranties in Paper Form: 

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 
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 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. Submit two paper copies, as listed above. 

D. Provide additional copies of each warranty to include in operation and maintenance manuals. 
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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. 

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 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. Remove tools, construction equipment, machinery, and surplus material from 
Project site. 

d. Clean exposed exterior and interior hard-surfaced finishes to a dirt-free condition, 
free of stains, films, and similar foreign substances.  Remove surface dust and dirt 
from all vertical and horizontal painted surfaces.  Avoid disturbing natural 
weathering of exterior surfaces.  Restore reflective surfaces to their original 
condition. 

e. Remove debris and surface dust from limited access spaces, including roofs, 
plenums, shafts, trenches, equipment vaults, manholes, attics, and similar spaces. 

f. Sweep concrete floors broom clean in unoccupied spaces using sweeping 
compound that is compatible with new finishes. 

g. Vacuum carpet and similar soft surfaces, removing debris and excess nap; clean 
according to manufacturer's recommendations if visible soil or stains remain. 



CLOSEOUT PROCEDURES  Tetra Tech 
01 77 00 / Page 6 Project No. 203778-21001 Architects & Engineers 

h. 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. 

i. Remove labels that are not permanent. 

j. Wipe surfaces of mechanical and electrical equipment and similar equipment.  
Remove excess lubrication, paint and mortar droppings, and other foreign 
substances. 

k. Clean plumbing fixtures to a sanitary condition, free of stains, including stains 
resulting from water exposure. 

l. Replace disposable air filters and clean permanent air filters.  Clean exposed 
surfaces of diffusers, registers, and grills. 

m. Clean ducts, blowers, and coils if units were operated without filters during 
construction or that display contamination with particulate matter on inspection. 

n. Clean light fixtures, lamps, globes, and reflectors to function with full efficiency. 

o. Leave Project clean and ready for occupancy. 

C. Construction Waste Disposal:  Comply with waste disposal requirements in Division 01 Section 
"Temporary Facilities and Controls." 

3.2 REPAIR OF THE WORK 

A. Complete repair and restoration operations before 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 condition 
acceptable to Construction Manager. 

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. 



Tetra Tech CLOSEOUT PROCEDURES 
Architects & Engineers Project No. 203778-21001 01 77 00 / Page 7 

3. Replace parts subject to operating conditions during construction that may impede 
operation or reduce longevity. 

END OF SECTION 01 77 00 



Tetra Tech OPERATION AND MAINTENANCE DATA 
Architects & Engineers Project No. 203778-21001 01 78 23 / Page 1 

SECTION 01 78 23 - OPERATION AND MAINTENANCE DATA 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for preparing operation and 
maintenance manuals. 

1.3 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Manual Format: Submit operation and maintenance manuals in the 
following format: 

1. Two paper copies as listed below. 
2. Two digital media copies, PDF format on thumb drive. 

B. Prior to submission of paper copies and thumb drives as listed above, submit electronic files in 
PDF format for review and approval.   

1.4 FORMAT OF OPERATION AND MAINTENANCE MANUALS 

A. Manuals, Paper Copy:  Submit manuals in the form of hard-copy, bound and labeled volumes. 

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 paper; with clear 
plastic sleeve on spine to hold label describing contents. 

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.  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. 

01 78 23 
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3. 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. 

4. 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. 

B. 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: Bookmark 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. 

1.5 REQUIREMENTS FOR 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 equipment not part of a system.  
Each manual shall contain the following materials, in the order listed: 

1. Title Page:  Include the following information: 

a. Subject matter included in manual. 
b. Name and address of Project. 
c. Date of submittal. 
d. Name and contact information for Contractor. 

2. 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. 

a. 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. 

3. 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. 
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1.6 OPERATION AND MAINTENANCE MANUALS 

A. Operation 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. 

a. Product name and model number.  Use designations for products indicated on 
Contract Documents. 

b. Manufacturer's name. 
c. Equipment identification with serial number of each component. 
d. Equipment function. 
e. Complete nomenclature and number of replacement parts. 

2. Operating Procedures:  Include the following, as applicable: 

a. Startup procedures. 
b. Routine and normal operating instructions. 
c. Regulation and control procedures. 
d. Normal shutdown instructions. 
e. Seasonal and weekend operating instructions. 
f. Special operating instructions and procedures. 

3. Emergency Procedures:  Include the following, as applicable: 

a. Instructions on stopping. 
b. Shutdown instructions for each type of emergency. 
c. Operating instructions for conditions outside normal operating limits. 
d. Special operating instructions and procedures. 

4. Wiring diagrams. 

5. Control diagrams. 

6. Piped system diagrams. 

a. Piped Systems: Diagram piping as installed, and identify color-coding where 
required for identification. 

7. Precautions against improper use. 

8. Systems and Equipment Controls:  Describe the sequence of operation, and diagram 
controls as installed. 

B. Maintenance Content:  Organize manual into a separate section for each product, material, and 
finish.  Include source information, product information, maintenance procedures, 
manufacturers’ maintenance documentation, maintenance and service schedules, spare parts list 
and source information, maintenance service contracts, repair materials and sources, and 
warranties and bonds, as described below. 
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1. 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. 

2. Product Information:  Include the following, as applicable: 

a. Product name and model number. 
b. Manufacturer's name. 
c. Color, pattern, and texture. 
d. Material and chemical composition. 
e. Reordering information for specially manufactured products. 

3. Maintenance Procedures:  Include manufacturer's written recommendations and 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. Schedule for routine cleaning and maintenance. 
e. Repair instructions. 

4. Manufacturers' Maintenance Documentation:  Manufacturers' maintenance 
documentation including the following information for each component part or piece of 
equipment: 

a. Standard maintenance instructions and bulletins. 
b. Drawings, diagrams, and instructions required for maintenance, including 

disassembly and component removal, replacement, and assembly. 
c. Identification and nomenclature of parts and components. 
d. List of items recommended to be stocked as spare parts. 

5. 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. 

a. Scheduled Maintenance and Service:  Tabulate actions for daily, weekly, monthly, 
quarterly, semiannual, and annual frequencies. 

b. Maintenance and Service Record:  Include manufacturers' forms for recording 
maintenance. 

6. 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. 

7. Maintenance Service Contracts:  Include copies of maintenance agreements with name 
and telephone number of service agent. 

8. Repair Materials and Sources:  Include lists of materials and local sources of materials 
and related services. 
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9. Warranties and Bonds:  Include copies of warranties and bonds and lists of circumstances 
and conditions that would affect validity of warranties or bonds. 

a. Include procedures to follow and required notifications for warranty claims. 

1.7 MANUAL PREPARATION 

A. 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. 

B. 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. 

C. 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. 

D. Submittals: Include copy of each product submittal approved by Architect. 

1. If the “As-Specified Verification Form” was used as the product submittal, include all 
pertinent product data as described in this Section. 

E. Safety Data Sheets (SDS): Include copy of SDS for each product installed. 

F. Comply with Division 01 Section "Closeout Procedures" for schedule for submitting operation 
and maintenance documentation. 

PART 2 - PRODUCTS  (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 78 23 



Tetra Tech PROJECT RECORD DOCUMENTS 
Architects & Engineers Project No. 203778-21001 01 78 39 / Page 1 

SECTION 01 78 39 - PROJECT RECORD DOCUMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for project record documents, 
including the following: 

1. Record Drawings. 
2. Miscellaneous record submittals. 

1.3 CLOSEOUT SUBMITTALS 

A. Record Drawings: Contractor to submit a full set of marked-up record drawings pertaining to 
their contract. Provide each drawing, whether or not changes and additional information were 
recorded. Comply with the following: 

1. Submit one full size set of the original, marked-up record prints. 
2. Submit two digital media copies, in color, in PDF format on thumb drives. PDFs to be 

saved and submitted as one file. 
3. Prior to submission of paper copies and thumb drives as listed above, submit electronic 

files in PDF format for review and approval.   

B. Miscellaneous Record Submittals:  See other Specification Sections for miscellaneous record-
keeping requirements and submittals in connection with various construction activities.   

1. Submit two paper copies of each submittal. 

1.4 RECORD DRAWINGS 

A. Record Prints:  Architect will provide Contractor with one paper set of Contract Drawings at 
beginning of Work at no cost.  

1. Preparation:  Mark record prints to show the actual installation where installation varies 
from that shown originally.   

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. 

01 78 39 
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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. Revisions to routing of piping and conduits. 
d. Revisions to electrical circuitry. 
e. Locations of concealed internal utilities. 
f. Changes made by Addendum. 
g. Changes made by Architect’s Supplemental Instruction (ASI) forms.  
h. Changes made by Change Order or Construction Change Directive. 
i. Changes made following Architect's written orders. 

3. Mark record sets with red, permanent marker.  

B. Record Digital Data Files: Prepare a full set of digital data files of the Contract Drawings from 
the marked-up record prints.  

C. Format:  Identify and date each record Drawing; include the designation "PROJECT RECORD 
DRAWING" in a prominent location. Indicate name of Contractor. 

1. Record Prints: Organize record prints into manageable sets. Bind each set with durable 
paper cover sheets. Include identification on cover sheets. 

2. 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. 

1.5 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. 

1.6 RECORDING AND MAINTENANCE 

A. Maintenance of Record Documents:  Store record documents 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 , Construction Manager’s, and Owner’s reference during normal working hours. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 78 39 
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SECTION 01 79 00 - DEMONSTRATION AND TRAINING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section. 

1.2 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. Instruction in operation and maintenance of systems, subsystems, and equipment. 
3. Demonstration and training video recordings. 

1.3 CLOSEOUT SUBMITTALS 

A. Attendance Record:  For each demonstration and training session, submit list of participants, 
subjects covered, and length of instruction time. 

B. Demonstration and Training Video Recordings:  Submit two copies of each demonstration and 
training session. 

1. Identification:  On each copy, provide an applied label with the following information: 

a. Name of Project. 
b. Name of Architect. 
c. Name of Construction Manager. 
d. Name of Contractor. 
e. Name of service representative providing training. 
f. Name of instructor. 
g. Date of video recording. 

1.4 QUALITY ASSURANCE 

A. Instructor Qualifications:  A factory-authorized service representative, complying with 
requirements in Division 01 Section "Quality Requirements," experienced in operation and 
maintenance procedures and training. 

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. 

01 79 00 
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1.6 INSTRUCTION PROGRAM 

A. Program Structure:  Develop an instruction program that includes individual training for each 
system and for equipment not part of a system, as required by individual Specification Sections. 
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. Operating standards. 

2. Documentation:  Review the following items in detail: 

a. Manuals. 
b. Warranties and bonds. 

3. Operations:  Include the following, as applicable: 

a. Startup procedures. 
b. Routine and normal operating instructions. 
c. Regulation and control procedures. 
d. Safety procedures. 
e. Normal shutdown instructions. 
f. Operating procedures for emergencies. 
g. Seasonal and weekend operating instructions. 
h. Special operating instructions and procedures. 

4. Adjustments:  Include the following: 

a. Noise and vibration adjustments. 
b. Economy and efficiency adjustments. 

5. Troubleshooting:  Include the following: 

a. Diagnostic instructions. 
b. Test and inspection procedures. 

6. Maintenance:  Include the following: 

a. Types of cleaning agents to be used and methods of cleaning. 
b. Procedures for routine cleaning 
c. Procedures for preventive maintenance. 
d. Procedures for routine maintenance. 

7. Repairs:  Include the following: 

a. Diagnosis instructions. 
b. Repair instructions. 
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1.7 INSTRUCTION 

A. Engage qualified instructors to instruct Owner's personnel to adjust, operate, and maintain 
systems, subsystems, and equipment not part of a system. 

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 Construction Manager, with at least seven days' 
advance notice. 

1.8 DEMONSTRATION AND TRAINING VIDEO RECORDINGS 

A. Digital Video Recordings: Provide high-resolution, digital video in MPEG format, produced by 
a digital camera with minimum sensor resolution of 12 megapixels and capable of recording in 
full HD mode. 

1. Submit video recordings on CD-ROM or thumb drive. 

B. Preproduced Video Recordings:  Provide video recordings used as a component of training 
modules in same format as recordings of live training. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 79 00 
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SECTION 02 41 19 - SELECTIVE DEMOLITION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Demolition and removal of selected portions of building or structure. 
2. Demolition and removal of selected site elements. 
3. Salvage of existing items to be reused or recycled. 

1.3 DEFINITIONS 

A. Remove: Detach items from existing construction and dispose of them off-site unless indicated 
to be salvaged or reinstalled. 

B. Remove and Salvage: Detach items from existing construction, in a manner to prevent damage, 
and deliver to Owner ready for reuse. 

C. Remove and Reinstall: Detach items from existing construction, in a manner to prevent damage, 
prepare for reuse, and reinstall where indicated. 

D. Existing to Remain: Leave existing items that are not to be removed and that are not otherwise 
indicated to be salvaged or reinstalled. 

1.4 MATERIALS OWNERSHIP 

A. Unless otherwise indicated, demolition 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. 

1.5 PREINSTALLATION MEETINGS 

A. Predemolition Conference: Conduct conference at Project site. 

1. Inspect and discuss condition of construction to be selectively demolished. 
2. Review and finalize selective demolition schedule and verify availability of materials, 

demolition personnel, equipment, and facilities needed to make progress. 

02 41 19 
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3. Review requirements of work performed by other trades that rely on substrates exposed 
by selective demolition operations. 

4. Review areas where existing construction is to remain and requires protection. 

1.6 SUBMITTALS, GENERAL 

A. General: Submit all informational submittals required by this Section concurrently. 

1.7 INFORMATIONAL SUBMITTALS 

A. 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. Indicate how long utility services will be interrupted. 
3. Coordination for shutoff, capping, and continuation of utility services. 

B. Predemolition Inventory:  

1. Submit list of items to be removed and salvaged as part of selective demolition work. 
2. Submit list of items to be removed and reinstalled as part of selective demolition work. 

C. Predemolition Photographs or Video: Show existing conditions, including finish surfaces, that 
might be misconstrued as damage caused by demolition operations. Submit photos or video 
recordings on thumb drive before Work begins. Include copy of key plan indicating each 
photograph’s or video’s location and direction. 

1. Submit digital media as originally recorded in the digital camera, without alteration, 
manipulation, editing, or modification. 

2. Photographs: Provide high-resolution color images in JPG format, produced by a digital 
camera with minimum sensor size of 12 megapixels.  

a. Name each image with date photograph was taken, location, and unique sequential 
number keyed to accompanying key plan in file name.  

3. Video: Provide high-resolution, digital video in MPEG format, produced by a digital 
camera with minimum sensor resolution of 12 megapixels.  

a. Name each video recording with date video recording was recorded, location, and 
unique sequential number keyed to accompanying key plan in file name. 

b. Begin narration of each video recording with Contractor's name, videographer's 
name, and location in Project. 

1) Describe scenes on video recording by audio narration. 
2) Confirm date and time at beginning and end of recording. 
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1.8 CLOSEOUT SUBMITTALS 

A. Inventory:  

1. Submit a list of items that have been removed and salvaged. 
2. Submit a list of items that have been removed and reinstalled. 

B. Warranties: Documentation indicating that existing warranties are still in effect after completion 
of selective demolition. 

1.9 QUALITY ASSURANCE 

A. Refrigerant Recovery Technician Qualifications: Certified by an EPA-approved certification 
program. 

1.10 FIELD CONDITIONS 

A. Owner will occupy portions of building immediately adjacent to selective demolition area. 
Conduct selective demolition so Owner's operations will not be disrupted. 

B. Conditions existing at time of inspection for bidding purpose will be maintained by Owner as 
far as practical. 

C. Notify Architect of discrepancies between existing conditions and Drawings before proceeding 
with selective demolition. 

D. Hazardous Materials: It is not expected that hazardous materials will be encountered in the 
Work. 

1. If suspected hazardous materials are encountered, do not disturb; immediately notify 
Architect and Owner. Hazardous materials will be removed by Owner under a separate 
contract. 

E. Storage or sale of removed items or materials on-site is not permitted. 

F. Utility Service: Maintain existing utilities indicated to remain in service and protect them 
against damage during selective demolition operations. 

1. Maintain fire-protection facilities in service during selective demolition operations. 

1.11 WARRANTY 

A. Existing Warranties: Remove, replace, patch, and restore materials and surfaces cut or damaged 
during selective demolition, by methods and with materials and using approved contractors so 
as not to void existing warranties. Notify warrantor before proceeding. Existing warranties 
include the following: 

1. Roofing. 
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B. Notify warrantor on completion of selective demolition, and obtain documentation verifying 
that existing system has been inspected and warranty remains in effect. Submit documentation 
at Project closeout. 

1.12 COORDINATION 

A. Arrange selective demolition schedule so as not to interfere with Owner's operations. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Regulatory Requirements: Comply with governing EPA notification regulations before 
beginning selective demolition. Comply with hauling and disposal regulations of authorities 
having jurisdiction. 

B. Standards: Comply with ANSI/ASSP A10.6 and NFPA 241. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Survey existing conditions and correlate with requirements indicated to determine extent of 
selective demolition required. 

B. 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. 

C. Engage a professional engineer to perform an engineering survey of condition of building to 
determine whether removing any element might result in structural deficiency or unplanned 
collapse of any portion of structure or adjacent structures during selective building demolition 
operations. 

1. Perform surveys as the Work progresses to detect hazards resulting from selective 
demolition activities. 

D. Verify that hazardous materials have been remediated before proceeding with building 
demolition operations. 

E. Record existing conditions by use of preconstruction photographs or video. 

1. Inventory and record the condition of items to be removed and salvaged. Provide 
photographs or video of conditions that might be misconstrued as damage caused by 
demolition operations. 
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2. Inventory and record the condition of items to be removed and reinstalled. Provide 
photographs or video of conditions that might be misconstrued as damage caused by 
demolition operations. 

F. Beginning selective demolition constitutes Contractor’s acceptance of conditions. 

3.2 UTILITY SERVICES AND MECHANICAL/ELECTRICAL SYSTEMS 

A. Existing Services/Systems to Remain: Maintain services/systems indicated to remain and 
protect them against damage. 

B. Existing Services/Systems to Be Removed, Relocated, or Abandoned: Locate, identify, 
disconnect, and seal or cap off utility services and mechanical/electrical systems serving areas 
to be selectively demolished. 

1. Arrange to shut off utilities with utility companies. 

2. If services/systems are required to be removed, relocated, or abandoned, provide 
temporary services/systems that bypass area of selective demolition and that maintain 
continuity of services/systems to other parts of building. 

3. Disconnect, demolish, and remove fire-suppression systems, plumbing, and HVAC 
systems, equipment, and components indicated on Drawings to be removed. 

a. Piping to Be Removed: Remove portion of piping indicated to be removed and cap 
or plug remaining piping with same or compatible piping material. 

b. Piping to Be Abandoned in Place: Drain piping and cap or plug piping with same 
or compatible piping material and leave in place. 

c. Equipment to Be Removed: Disconnect and cap services and remove equipment. 

d. Equipment to Be Removed and Reinstalled: Disconnect and cap services and 
remove, clean, and store equipment; when appropriate, reinstall, reconnect, and 
make equipment operational. 

e. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove 
equipment and deliver to Owner. 

f. Ducts to Be Removed: Remove portion of ducts indicated to be removed and plug 
remaining ducts with same or compatible ductwork material. 

g. Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible 
ductwork material and leave in place. 

3.3 PROTECTION 

A. Temporary Protection: Provide temporary barricades and other protection required to prevent 
injury to people and damage to adjacent buildings and facilities to remain. 
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1. Provide protection to ensure safe passage of people around selective demolition area and 
to and from occupied portions of building. 

2. Provide temporary weather protection, during interval between selective demolition of 
existing construction on exterior surfaces and new construction, to prevent water leakage 
and damage to structure and interior areas. 

3. Protect walls, ceilings, floors, and other existing finish work that are to remain or that are 
exposed during selective demolition operations. 

4. Cover and protect furniture, furnishings, and equipment that have not been removed. 

5. Comply with requirements for temporary enclosures, dust control, heating, and cooling 
specified in Division 01 Section "Temporary Facilities and Controls." 

B. Temporary Shoring: Design, provide, and maintain shoring, bracing, and structural supports as 
required to preserve stability and prevent movement, settlement, or collapse of construction and 
finishes 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. 

C. Remove temporary barricades and protections where hazards no longer exist. 

3.4 SELECTIVE DEMOLITION, GENERAL 

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. Temporarily cover openings to remain. 

3. Cut or drill from the exposed or finished side into concealed surfaces to avoid marring 
existing finished surfaces. 

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. 
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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. 

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. 

C. Removed and Salvaged Items: 

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. 

D. Removed and Reinstalled Items: 

1. Clean and restore items to functional condition adequate for intended reuse. 

2. Pack or crate items after cleaning and restoring. 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. 

E. 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. 

3.5 SELECTIVE DEMOLITION PROCEDURES FOR SPECIFIC MATERIALS 

A. Concrete: Demolish in sections. Cut concrete full depth at junctures with construction to remain 
and at regular intervals using power-driven saw, and then remove concrete between saw cuts. 

B. Masonry: Demolish in small sections. Cut masonry at junctures with construction to remain, 
using power-driven saw, and then remove masonry between saw cuts. 

C. Concrete Slabs-on-Grade: Saw-cut perimeter of area to be demolished, and then break up and 
remove. 

D. Roofing: Remove no more existing roofing than what can be covered in one day by new roofing 
and so that building interior remains watertight and weathertight. See Division 07 Sections  for 
new roofing requirements. 
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3.6 DISPOSAL OF DEMOLISHED MATERIALS 

A. Remove demolition waste materials from Project site and dispose of them in an EPA-approved 
construction and demolition waste landfill acceptable to authorities having jurisdiction. 

1. Do not allow demolished materials to accumulate on-site. 
2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces 

and areas. 
3. Remove debris from elevated portions of building by chute, hoist, or other device that 

will convey debris to grade level in a controlled descent. 

B. Burning: Do not burn demolished materials. 

3.7 CLEANING 

A. 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. 

END OF SECTION 02 41 19 
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SECTION 02 84 00 – HAZARDOUS MATERIAL REMOVAL 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Selective removal and subsequent off-site disposal of the following hazardous waste: 

a. Caulk containing heavy metals, characterized as hazardous waste in accordance 
with RCRA 40 CFR 260-265, based on total metals analysis. The below caulking 
materials contain the following heavy metals (total metal analysis result):  

1) Exterior Control/Expansion Joint caulk – Mercury (11.5 ppm), 

1.3 REFERENCES 

A. Regulatory Requirements 

1. National Institute For Occupational Safety And Health (NIOSH) 

a. NIOSH 94-113 (1994; 4TH Ed) –NIOSH Manual of Analytical Methods. 
b. 42 CFR 84 –Approval of Respiratory Protection Devices. 

2. New York State Department of Environmental Conservation (NYSDEC) 

a. 6 NYCRR 360 - Solid Waste Management Facilities. 
b. 6 NYCRR 364 - Waste Transporter Permits. 
c. 6 NYCRR 370 - Hazardous Waste Management System: General. 
d. 6 NYCRR 371 - Identification and Listing of Hazardous Wastes. 
e. 6 NYCRR 372 - Hazardous Waste Manifest System and Related Standards for 

Generators, Transporters and Facilities. 
f. 6 NYCRR 373-1 - Hazardous Waste Treatment, Storage and Disposal Facility 

Permitting Requirements. 
g. 6 NYCRR 373-2 - Final Status Standards for Owners and Operators of Hazardous 

Waste Treatment, Storage and Disposal Facilities. 
h. 6 NYCRR 373-3 - Interim Status Standards for Owners and Operators of 

Hazardous Waste Facilities. 
i. 6 NYCRR 376 - Land Disposal Restrictions. 

02 84 00 
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3. United States Department Of Labor –Occupational Safety And Health Administration 
(OSHA) 

a. 29 CFR 1910.134 –Respiratory Protection. 
b. 29 CFR 1910.141 –Sanitation. 
c. 29 CFR 1910.147 –Control of Hazardous Energy (Lock Out / Tag Out). 
d. 29 CFR 1926 –Safety and Health Regulations for Construction. 

4. United States Department of Transportation (USDOT) 

a. 49 CFR 107 – Hazardous Materials Program Procedures. 
b. 49 CFR 171 - General Information, Regulations, and Definitions. 
c. 49 CFR 172 - Hazardous Materials Table, Special Provisions, Hazardous Materials 

Communications, Emergency Response Information, and Training Requirements. 
d. 49 CFR 173 - Shippers - General Requirements for Shipments and Packaging. 
e. 49 CFR 177 - Carriage by Public Highway. 
f. 49 CFR 178 - Specifications for Packaging. 
g. 49 CFR 180 - Continuing Qualification for Maintenance of Packaging. 

5. United States Environmental Protection Agency (EPA), Resource Conservation and 
Recovery Act (RCRA) 

a. 40 CFR 26 – Protection of Human Subjects.  
b. 40 CFR 260   Hazardous Waste Management System: General. 
c. 40 CFR 261 - Identification and Listing of Hazardous Waste. 
d. 40 CFR 262 - Standards Applicable to Generators of Hazardous Waste. 
e. 40 CFR 263   Standards Applicable to Transporters of Hazardous Waste.  
f. 40 CFR 264   Standards for Owners and Operators of Hazardous Waste Treatment, 

Storage, and Disposal Facilities. 
g. 40 CFR 265   Interim Status Standards for Owners and Operators of Hazardous 

Waste Treatment, Storage, and Disposal Facilities. 
h. 40 CFR 266   Standards for the Management of Specific Hazardous Wastes and 

Specific Types of Hazardous Waste Management Facilities. 
i. 40 CFR 268   Land Disposal Restrictions. 
j. 40 CFR 270   EPA Administered Permit Programs: The Hazardous Waste Permit 

Program. 
k. 40 CFR 761 - Polychlorinated Biphenyls (PCBs) Manufacturing, Processing, 

Distribution in Commerce, and Use Prohibitions. 

6. United States Department of Transportation (USDOT) 

a. 49 CFR 107 – Hazardous Materials Program Procedures. 
b. 49 CFR 171 - General Information, Regulations, and Definitions. 
c. 49 CFR 172 - Hazardous Materials Table, Special Provisions, Hazardous Materials 

Communications, Emergency Response Information, and Training Requirements. 
d. 49 CFR 173 - Shippers - General Requirements for Shipments and Packaging. 
e. 49 CFR 177 - Carriage by Public Highway. 
f. 49 CFR 178 - Specifications for Packaging. 
g. 49 CFR 180 - Continuing Qualification for Maintenance of Packaging. 
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1.4 HAZARDOUS WASTE GENERATOR STATUS 

A. Owner is a Conditionally Exempt Small Quantity Generator as defined by 6 NYCRR 371 and 
40 CFR 26.  Schedule removals, on-site storage, and transport as required to maintain Owner’s 
status as a Conditionally Exempt Small Quantity Generator. 

1.5 DEFINITIONS 

A. Critical barriers: Barriers that seal off all openings to or within the defined regulated work area, 
including but not limited to operable windows and skylights, doorways, ducts, grills, diffusers 
and any other penetrations to surfaces adjacent to or within the regulated work area. 

B. Leak-tight: Sealed such that solids or liquids cannot escape or spill out. 

C. Plasticize To cover floors, walls, ceilings or other surfaces with 6-mil fire-retardant plastic 
sheeting. 

D. Regulated Work Area: The portion of the restricted area where removal work actually occurs. 
For tent work areas, the interior of each tent is a regulated work area. 

E. Remove:  Remove and legally dispose of items except those indicated to be reinstalled, 
salvaged, or to remain Owner's property. 

F. Submit all submittals required by this Section concurrently. 

1.6 PRE-REMOVAL SUBMITTALS 

A. Submit all submittals required by this Section concurrently. 

B. Material Safety Data Sheets: For all chemicals to be used. 

C. Shop Drawings: Floor or site plans showing all regulated work areas, critical barriers, local 
exhaust systems locations, decontamination units and load-out units, temporary waste storage 
facility, access tunnels, and location of temporary utilities. 

D. Hazardous Material Removal Plan: Description of proposed methods of removing, packaging, 
handling, transporting, and disposing of PCB, lead, and mercury containing wastes, and 
demonstrating compliance with RCRA 40 CFR 260-265, TSCA 40 CFR 761, NYS DEC 
regulations, and other applicable laws and regulations. The Plan shall include descriptions and 
means of compliance for each waste stream. 

E. Qualification Data: In accordance with “Quality Assurance” article below. 

1. Removal contractor qualification. 
2. On-site supervisor training certificates. 
3. Workers training certificates. 
4. Waste Transporter permit. 
5. Disposal facility qualifications. 
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1.7 POST-REMOVAL SUBMITTALS 

A. Submit all submittals required by this Section concurrently. 

B. Daily Logs 

C. Sign In Sheets 

D. Results of bulk sample analysis, air samples analysis, or OSHA compliance monitoring results. 

E. Completely executed Waste Shipment Records. 

F. Documentation of Hazardous Waste Determination, consisting of: 

1. Test results; 
2. Waste analyses or  
3. Other hazardous waste determination information. 

1.8 QUALITY ASSURANCE 

A. Qualifications 

1. Hazardous Material Removal Contractor:  Engage experienced firm that has successfully 
completed at least five hazardous material removal projects of a similar size and scope to 
Project. 

2. Personnel Training Requirements: 

a. Supervisor: Current OSHA HAZWOPER Supervisor training (29 CFR 1910.120), 
RCRA Hazardous Waste training, and USDOT Hazardous Material training (49 
CFR 172), and be the Contractor’s designated Competent Person under OSHA 
regulations. Contractor may only perform work on site when Supervisor is 
physically on site. 

b. Workers: Current OSHA HAZWOPER training (29 CFR 1910.120), RCRA 
Hazardous Waste training, and USDOT Hazardous Material training (49 CFR 
172). 

c. Provide Project Monitor with copies of valid Training Documentation for all 
Workers and Supervisors at the project site. 

3. Waste Transporter: Valid Waste Transporter Permit, issued by New York State 
Department of Environmental Conservation. The transporters shall meet the NYSDEC 
requirements of 6 NYCRR 364 and other applicable state or local requirements.  

4. Disposal Facility: Contractor shall provide written evidence that the landfill to be used is 
approved to accept the hazardous materials removed by New York State. The disposal 
facility shall be approved to accept the hazardous materials for disposal under RCRA 
and/or TSCA and other applicable state or local requirements. 
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B. Regulatory Requirements: Comply with all federal, state, and local codes, laws, ordinances, 
standards and regulations applicable to hazardous material removal work, transport and 
disposal, including (but not limited to) standards referenced in "References" Article. 

C. Pre-Removal Conference - Prior to beginning hazardous material removal, conduct conference 
at Site to review requirements and conditions for hazardous material removal with attendance 
by at least the following:  

1. Contractor's representative. 
2. Hazardous material removal contractor representative, if applicable. 
3. Owner's representative. 
4. Architect’s representative. 

1.9 PROJECT/SITE CONDITIONS 

A. Existing Conditions 

1. Building Occupancy:  Owner will occupy portions of building immediately adjacent to 
areas of hazardous material removal operations.  Conduct removal operations in manner 
that will minimize need for disruption of Owner's normal operations.  Provide minimum 
of 72 hours advance notice to Owner of removal activities that will affect Owner's normal 
operations. 

2. Utility Services:  Maintain existing utilities indicated to remain in service and protect 
them against damage during hazardous material removal operations. 

a. Do not interrupt utilities service occupied or used facilities, except when 
authorized in writing by authorities having jurisdiction.  Provide temporary 
services during interruptions to existing utilities, as acceptable to governing 
authorities. 

b. Maintain fire protection services during removal operations. 

B. Onsite Project Documentation 

1. Contractor shall maintain all required documents on site. Documents shall be available 
for review by the Owner, Architect, Monitoring Firm, regulatory agencies and Owner 
representatives. 

2. Supervisor shall maintain a log book containing pertinent information about the project. 

3. Maintain a sign in of all individuals entering regulated areas. 
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C. Regulated Work Areas 

1. All work that may impact hazardous materials shall be conducted within regulated areas. 
The regulated area shall be demarcated to minimize the number of persons within the 
area and to protect persons outside the area from exposure to hazardous materials. Access 
to regulated areas shall be limited to authorized persons. The Contractor shall control 
access to regulated areas, ensure that only authorized personnel enter, and verify that 
Contractor required medical surveillance, training and respiratory protection program 
requirements are met prior to allowing entrance. 

PART 2 - PRODUCTS 

2.1 PERSONAL PROTECTIVE EQUIPMENT 

A. Complete sets of personal protective equipment shall be made available to authorized visitors 
for entry to the regulated area. Authorized visitors shall have training equivalent to that 
provided to Contractor employees in the selection, fitting, and use of personal protective 
equipment and the site safety and health requirements. Contractor workers shall be provided 
with personal protective clothing and equipment and the Contractor shall ensure that it is worn 
properly. The Contractor's Supervisor shall select and approve all the required personal 
protective clothing and equipment. 

B. Respirators: The Contractor shall provide respirators, and ensure that they are used in 
accordance with CGA G-7 and the manufacturer's recommendations. Respirators shall be 
approved by the National Institute for Occupational Safety and Health NIOSH, under the 
provisions of 42 CFR 84, for use in environments containing particulate. For air-purifying 
respirators, the particulate filter shall be high-efficiency particulate air (HEPA)/(N-,R-,P-100). 

C. Coveralls: Disposable coveralls with a zipper front shall be provided. Sleeves shall be secured 
at the wrists, and foot coverings secured at the ankles. 

D. Gloves: Gloves shall be provided to protect the hands where there is the potential for hand 
injuries (i.e., scrapes, punctures, cuts, etc.). 

E. Foot Coverings: Cloth socks shall be provided and worn next to the skin. Footwear, as required 
by OSHA and EM 385-1-1, that is appropriate for safety and health hazards in the area shall be 
worn. Reusable footwear removed from the regulated area shall be thoroughly decontaminated 
or disposed of as hazardous material waste. 

F. Head Covering: Hood type disposable head covering shall be provided. In addition, protective 
head gear (hard hats) shall be provided as required. Hard hats shall only be removed from the 
regulated area after being thoroughly decontaminated. 

G. Protective Eye Wear: Eye protection shall be provided, when operations present a potential eye 
injury hazard, and shall meet the requirements of ANSI Z87.1. 
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2.2 DECONTAMINATION FACILITIES AND PRACTICES 

A. The Contractor shall establish a decontamination area for the decontamination of employees, 
material and equipment. The Contractor shall ensure that employees enter and exit the regulated 
area through the decontamination area. 

B. Decontamination Facility Construction 

1. A minimum of one layer of six mil fire-retardant plastic sheeting shall be installed on 
walls and ceilings. 

2. A minimum of two layers of six mil fire-retardant reinforced plastic shall be used for 
floor protection. 

3. Curtained doorways consisting of three layers of six mil fire-retardant plastic sheeting 
shall separate the stages of the decontamination systems. 

4. Airlocks shall have minimum dimensions of three feet wide by three feet long by 6 feet 
tall. Curtained doorways shall be separated by at least three feet. 

5. Provide at least one shower per every six full shift removal workers. Hot and cold water 
shall be adjustable at each shower. Provide soap, shampoo and towels for use at all times. 
Shower water shall be filtered through a series of filters to at least 5.0 microns. Filtered 
wastewater shall be discharged in accordance with applicable codes. 

6. The entrance to the clean room or holding area from outside the regulated removal work 
area shall have a lockable door. 

7. Prefabricated or Trailer units may be constructed of watertight fiberglass or painted with 
marine paint in lieu of plasticization. 

8. Personal decontamination facility minimum requirements: 

a. Five stage (large work area) personal decontamination enclosure shall consist of a 
clean room, airlock, shower room, airlock, and equipment room with a curtained 
doorway between the clean room and work area. 

b. Three stage (Small work area) personal decontamination enclosure shall consist of 
a clean room, shower room and equipment room with a curtained doorway 
between each room and between the clean room and work area. 

c. Where remote decontamination facilities are allowed, construction of the 
decontamination facility shall include an additional airlock after the equipment 
room and which shall include a lockable door. An additional airlock is required at 
the entrance to the containment / regulated area and shall include a lockable door. 

9. Waste decontamination facility minimum requirements 

a. Three stage (large work area) waste decontamination facility shall consist of a 
holding area, airlock washroom with a curtained doorway between the washroom 
and work area. 



HAZARDOUS MATERIAL REMOVAL Tetra Tech 

02 84 00 / Page 8 Project No. 203778-21001 Architects & Engineers 

b. Decontamination area shall consist of a room or area that is adjacent to the work 
area with the floor or horizontal work surface covered with an impermeable drop 
cloth. 

c. Small work areas with only one entrance my use the personal decontamination 
facility for waste decontamination. 

1) Where remote decontamination facilities are allowed a small and large work 
areas shall have a washroom constructed between the work area and airlock. 

2.3 LOCAL EXHAUST SYSTEM 

A. Local exhaust units shall conform to ANSI Z9.2. Filters on local exhaust system equipment 
shall conform to ANSI Z9.2 and UL 586. Filter shall be UL labeled. 

2.4 EQUIPMENT 

A. Vacuums shall be equipped with HEPA filters, of sufficient capacity and necessary capture 
velocity at the nozzle or nozzle attachment to efficiently collect, transport and retain the 
hazardous waste material.  

B. Power tools shall not be used to remove Hazardous materials unless the tool is equipped with 
effective, integral HEPA filtered exhaust ventilation capture and collection system.  

C. Reusable tools shall be thoroughly decontaminated prior to being removed from regulated areas. 

D. Hazardous Waste Disposal Vehicles: Provide vehicles for transporting hazardous waste 
possessing valid Waste Transporter Permit as prescribed by 6 NYCRR 364, and equipped with 
appropriate placards affixed as prescribed by United States Department of Transportation 
regulations. 

2.5 MISCELLANEOUS MATERIALS 

A. Duct Tape: Industrial grade duct tape of appropriate widths suitable for bonding sheet plastic 
and disposal container. 

B. Sheet Plastic: 

1. Polyethylene of 6 mil minimum thickness and shall be provided in the largest sheet size 
necessary to minimize seams. Film shall conform to ASTM D 4397, except as specified 
below. 

2. Flame Resistant: Film shall conform to the requirements of NFPA 701. 

3. Reinforced sheets shall be provided where high skin strength is required, such as where it 
constitutes the only barrier between the regulated area and the outdoor environment. The 
sheet stock shall consist of translucent, nylon-reinforced or woven-polyethylene thread 
laminated between 2 layers of polyethylene film. Film shall meet flame resistant 
standards of NFPA 701. 
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C. Warning Signs and Tape: Warning signs and tape printed in English shall be provided at the 
regulated boundaries and entrances to regulated areas. Signs shall be located to allow personnel 
to read the signs and take the necessary protective steps required before entering the area. 

D. Labeling and Packaging Materials:  Provide labeling and packaging materials as required by 49 
CFR 173 Shippers - General Requirements for Shipments and Packaging. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Hazardous material removal work tasks shall be performed as shown on the detailed plans and 
drawings and as per applicable regulations, including but not limited to, 29 CFR 1926, 40 CFR 
266,  and 40 CFR 761. Where work methods described within differ from applicable regulations 
the more stringent requirement shall apply. 

B. Personnel shall wear and utilize protective clothing and equipment.  

C. The Contractor shall not permit eating, smoking, drinking, chewing or applying cosmetics in the 
regulated area. 

D. Verification of Conditions (by Removal Contractor):  Examine conditions under which 
hazardous material removal is to be conducted in coordination with removal contractor and 
notify affected Contractors and Architect in writing of any conditions detrimental to proper and 
timely hazardous material disposal.  Do not proceed with disposal until unsatisfactory 
conditions have been corrected in manner acceptable to removal contractor. 

1. When removal contractor confirms conditions as acceptable to ensure proper and timely 
installation and to ensure requirements for applicable warranty or guarantee can be 
satisfied, submit to Architect written confirmation from applicable Installer.  Failure to 
submit written confirmation and subsequent installation will be assumed to indicate 
conditions are acceptable to removal contractor. 

2. Survey existing conditions and coordinate with hazardous material removal requirements 
indicated to determine extent of hazardous material removal required. 

3. Inventory and record condition of items to be removed and reinstalled and items to be 
removed and salvaged. 

4. Survey condition of building to determine whether removing any element might result in 
structural deficiency or unplanned collapse of any portion of structure or adjacent 
structures during hazardous material removal operations. 

E. Perform additional surveys as hazardous material removal progresses to detect hazards resulting 
from hazardous material removal activities. 
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3.2 WORK AREA PREPARATION 

A. Work Area Layout and Emergency Exiting: Emergency and fire exits from the regulated 
removal work area shall be maintained or alternate exits shall be established and appropriately 
signed according to all applicable codes. Temporary hardwall barriers are not required at 
emergency and fire exit locations. 

B. Protection of Adjacent Work or Areas to Remain: Hazardous materials removal shall be 
performed without damage to or contamination of adjacent work or area. Where such work or 
area is damaged or contaminated, it shall be restored to its original condition or decontaminated 
by the Contractor at no expense to the Owner. If a spill occurs, work shall stop in all affected 
areas immediately and the spill shall be cleaned. 

C. Establishing Each Regulated Work Area: Work area preparation shall not begin until Contractor 
has ensured: that the area has been vacated by all personnel; entry has been restricted to the 
removal contractor and authorized visitors; and required signage has been posted. 

D. Decontamination Facilities: Personal decontamination facilities shall be provided and functional 
prior to beginning other work area preparation. 

E. Electrical Power: 

1. Shutdown and lockout all electrical power to the work area. 

2. Extend and route temporary power from outside the work area. All temporary power shall 
be protected by a ground fault circuit interrupter (GFCI). 

3. Electrical power that runs through the work area, but does not service the work area and 
cannot be shutdown, may be sealed with three independent layers of plastic sheeting and 
labeled with a minimum two inch lettering which reads “DANGER LIVE 
ELECTRICAL–KEEP CLEAR”. Signage shall be posted intervals no greater than ten 
feet. 

4. Fixed Objects: HEPA vacuum and/or wet clean fixed or other objects to remain in the 
work area and seal with two layers of plastic sheeting 

F. Barrier Locations: HEPA vacuum and wet all locations where critical and isolation barriers are 
to be installed prior to installation negative pressure equipment or barriers. 

3.3 WORK AREA ENCLOSURE 

A. Exterior Work Areas: 

1. The regulated removal work area shall include the immediate work area where work is 
occurring and shall extend twenty-five feet from the perimeter of the immediate work 
area. 

2. If entrance and egress to the regulated work area is through the building interior (such as 
through an internal stairway) construct an airlock at the entrance. 
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3. Critical barriers 

a. Pre-clean affected areas 

b. Seal all openings in the regulated removal work area with at least two layers of 
plastic sheeting. 

c. Where an entrance to the building that cannot be sealed (either for primary or 
emergency entrance for vehicles or people) exists within one floor level above or 
below and within 25 feet of the perimeter of the regulated removal work area, a 
tunnel structure with walls and ceilings covered with plywood and sealed with two 
layers of plastic sheeting must extend 25 feet from the building. 

d. Hardwall isolation barriers are not required. 

e. Sealing floors, walls and ceilings with two layers of plastic sheeting is not 
required. 

f. For removal from the face of the building, including windows. 

1) Where work is not performed in tents, seal all openings to the building 
within a 25 foot perimeter of the regulated removal work area with two 
layers of plastic sheeting. 

2) Where removal work will expose an opening to the building (such as 
windows, doors, panels) seal the removal area from the inside with two 
layers of plastic sheeting. 

3) Where work is not performed within tents, a dropcloth of plastic sheeting 
shall be installed below areas of removal that shall be a minimum of ten feet 
wide with an additional ten feet wide for every floor above the first floor to 
a maximum of thirty feet. 

4) Scaffolding, manlifts, etc. Shall be plasticized with two layers of plastic 
sheeting. 

3.4 WORK PROCEDURES 

A. Stop Work: 

1. Immediately stop work and take corrective action if any of the following occurs: 

a. Visible emissions are observed outside the work area. 
b. Water leaks are observed outside the work area. 
c. Loss of integrity of an enclosure of any type. 
d. A stop work directive is issued by the Project Monitor. 

2. Corrective action shall include repair of enclosure barriers, removal of all released 
material and cleaning / removal of materials / surfaces contaminated by the release and 
restoration of such materials / surfaces. 
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3. Upon receipt of a verbal or written stop work directive, removal contractor shall 
immediately cease all new disturbance of hazardous materials and begin: 

a. Isolating and sealing areas of disturbed hazardous materials from areas outside of 
regulated areas or contaminated areas; 

b. Repairing containment barriers; and 
c. Cleaning up and containerizing removed or disturbed hazardous materials. 

4. The stop work directive remains in effect and the removal contractor shall not resume 
work that will disturb previously undisturbed hazardous containing material until directed 
in writing by the Monitoring Firm. 

3.5 MAINTENANCE AND CLEANING OF ENCLOSURES 

A. Contractor’s supervisor shall inspect barriers twice per work shift, prior and after completion of 
the day’s activities.  

B. Repair damage and defects immediately upon discovery. 

C. Smoke tube testing of all isolation barriers, decontamination facilities, and regulated removal 
work areas prior to beginning removal activities and shall occur once a day whenever removal 
activities or cleaning occurs. 

D. HEPA vacuum or wet decontamination enclosures / airlocks at the end of each workshift. 

E. Accumulations of dust or debris shall be cleaned off all surfaces on a daily basis using HEPA 
vacuum and / or wet cleaning methods. 

3.6 HANDLING AND REMOVING HAZARDOUS MATERIAL 

A. Any release of hazardous materials constitutes unlawful disposal under 40 CFR 264 or 40 CFR 
761. Contractor shall be strictly responsible for any and all costs resulting from unlawful 
disposal of hazardous materials wholly or partially due to their actions or inaction. 

B. Prohibited Work Methods: 

1. Use of high-speed grinding or abrasion machines without integral shroud with HEPA-
vacuum attachment. 

2. Work or cleanup methods that cause dust to become airborne, such as dry sweeping, or 
use of compressed air for cleaning. 

3. Use of pressurized water. 
4. Any work method that creates visible emissions. 

C. If at any time contractor’s exterior work methods create visible emissions, work methods shall 
be modified to ensure no visible emissions occur. Upon the second occurrence of visible 
emissions, all future exterior work shall be performed within tents. 

D. Hazardous Materials Removal 

1. Remove all hazardous material containing caulk from adjacent surfaces. 
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2. Where hazardous material containing caulk abuts non-porous, cleanable glass or metal 
scheduled for removal, the surface may be cleaned to Visual Standard No.2, Near-White 
Blast Cleaned Surface Finish, of the National Association of Corrosion Engineering 
(NACE) and dispose of the non-porous materials as non-hazardous contaminated material 
in lieu of disposing of the item as hazardous contaminated material. 

3. Where hazardous material containing caulk abuts painted metal to be cleaned or desired 
to be cleaned by the Contractor prior to disposal, all paint shall be removed and disposed 
as hazardous contaminated material. 

4. Where hazardous material containing caulk abuts porous material scheduled to remain, at 
a minimum, remove the surface of the porous material sufficiently to remove all residual 
caulk from pits, grooves, etc. at the point of contact of the caulk. Perform removal to 
leave a smooth surface. 

5. Where hazardous material containing caulk abuts porous material scheduled for removal, 
remove a minimum of 6 inches of adjacent material and dispose as hazardous 
contaminated material. 

E. Waste Clean-Up 

1. All accumulations of hazardous waste material shall be containerized using HEPA 
vacuums or rubber or plastic dustpans, squeegees or shovels. 

a. Surfaces shall be HEPA vacuumed after gross cleanup. 
b. Waste during removal and initial cleanup shall be immediately bagged, wrapped or 

containerized upon removal. 
c. Cleanup shall be performed whenever enough loose debris/waste material has been 

removed to fill a single leak-tight container. 

2. Containerize all removed materials, including non-porous components that Contractor 
has not elected to clean to a Visual Standard No.2, Near-White Blast Cleaned Surface 
Finish, of the National Association of Corrosion Engineering (NACE). 

F. Packaging Waste 

1. All waste shall be packaged, labeled and marked for transport and disposal in accordance 
with applicable requirements of 6 NYCRR 372 and 49 CFR 172, 173, 178 and 179. 

a. Marking Format: 

1) “HAZARDOUS WASTE –Federal Law Prohibits Improper Disposal. If 
found, contact the nearest police or public safety authority or the U.S. 
Environmental Protection Agency. 

2) Generator’s Name and Address ________________________________ 

3) Generator’s EPA Identification Number __________________________ 

4) Manifest Tracking Number ___________________________________” 
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2. All waste generated shall be bagged, wrapped or containerized immediately upon 
removal. Cleanup accumulations of loose debris/waste material whenever enough loose 
debris/waste material has been generated to fill a single leak-tight container. 

G. Final Cleaning 

1. First Cleaning: All surfaces of the regulated work area shall be HEPA-vacuumed. 

2. Second Cleaning 

a. Non-porous surfaces shall be wet-cleaned using rags, mops and sponges. 
b. Porous surfaces shall be HEPA-vacuumed a second time. 

3.7 TRANSPORTATION AND DISPOSAL PROCEDURES 

A. Temporary On-Site Storage and Protection:  Provide storage on site of hazardous materials 
removed from service and scheduled for disposal complying with requirements of 6 NYCRR 
372.2 (a) (8).  Do not exceed 90 days storage on site. 

B. Hazardous Waste Determination:  Provide analysis required by Treatment, Storage or Disposal 
facility to document hazardous waste determination. 

C. Hazardous Waste Manifests 

1. Provide and complete the Uniform Hazardous Waste Manifest, obtained from a USEPA 
Approved Registered Printer. 

2. Maintain manifest from date of transport until date of disposal, destruction or recycling. 

3. Return fully executed manifests to Owner within 30 days of date waste left site for 
review and signature. 

4. Use following type of manifest as applicable: 

a. If waste is to be disposed of in New York State or if waste is to be disposed of in 
state not requiring use of specific manifest form, use New York State Uniform 
Hazardous Waste Manifest; 

b. If the waste is to be disposed of in state other than New York State and that state 
requires use of specific manifest form, use manifest required by state where waste 
is to be disposed in lieu of New York State Uniform Hazardous Waste Manifest. 

D. Disposal - Transport hazardous waste to treatment or disposal facility that: 

1. Is permitted, licensed or registered by state to dispose of hazardous waste; 

2. Has interim status to dispose of hazardous waste; 

3. Is authorized to manage hazardous waste under Resource Conservation and Recovery Act 
(RCRA) or 
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4. Is facility which: 

a. Beneficially uses or reuses, or legitimately recycles or reclaims its waste; or  
b. Treats its waste prior to beneficial use or reuse, or legitimate recycling or 

reclamation. 

3.8 ADJUSTING/CLEANING 

A. At least weekly, remove from building site debris, rubbish, and other materials resulting from 
hazardous material disposal operations.   

1. If additional hazardous materials are encountered during hazardous material disposal 
operations, comply with applicable regulations, laws, and ordinances concerning 
removal, handling, and protection against exposure or environmental pollution. 

2. Burning of removed materials not permitted on Project Site. 
3. Transport materials removed and legally dispose off-site. 

B. Sweep building broom clean at end of each workday and on completion of hazardous material 
removal operations. 

C. Upon completion of hazardous material removal, remove tools, equipment, and demolished 
materials from Site.  Remove protections and leave interior areas broom clean.  Change filters 
on air-handling equipment to remain. 

3.9 FIELD QUALITY CONTROL 

A. The Owner reserves the right to engage a Project Monitoring firm to perform Monitoring 
services, take samples, and prepare reports. 

B. Laboratory Certification: Each laboratory used shall be approved by the New York State 
Department of Health’s Environmental Laboratory Approval Program (NYSDOH ELAP) for 
the analysis performed. 

C. Contractor to:  

1. Provide Monitoring firm with access to work area(s) to perform necessary inspections, 
sampling, etc. prior to, during and after completion of removal activities. 

2. Provide Monitoring firm with ladders, lifts, safety equipment, electrical power, lighting, 
etc. 

3. Coordinate with Monitoring firm for scheduled work. Provide a minimum of 48 hour 
notice for additional shifts / weekend work. 

D. Clearance Inspections 

1. Supervisor shall perform a completeness of removal and cleaning visual inspection after 
completion of all removal and cleaning work. 

a. Supervisor inspection shall successfully document completeness of removal and 
cleaning prior to requesting an inspection from the Project Monitor. 

b. Supervisor shall document the results of the inspection in the Daily Project Log. 
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2. Project Monitor visual inspection 

a. The Project Monitor shall perform a visual inspection to determine the 
completeness of removal and cleaning 

b. Both the Project Monitor and the Supervisor shall document the findings of the 
inspection in the Contractor Daily Project Log. 

3. Clearance Criteria: Once the area has successfully passed the Supervisor and Project 
Monitor final visual inspection and achieved required air sampling clearance criteria, the 
area is considered to have successfully achieved clearance criteria. The work area may 
then be dismantled. 

END OF SECTION 02 84 00 
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SECTION 03 30 53 - MISCELLANEOUS CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes cast-in-place concrete, including reinforcement, concrete materials, mixture 
design, accessories, placement procedures, and finishes. 

1.3 SUBMITTALS 

A. Action Submittals: 

1. Product Data:  For each type of product indicated. 

a. Slab control joint sealer. 
b. Penetrating silane sealer. 
c. Grout. 
d. Chemical anchor adhesives. 
e. Curing compound. 
f. Corrective mortar (industry name is Repair mortar). 

2. Design Mixtures:  For each concrete mixture. 

a. Indicate amounts of mixing water to be withheld for later addition at Project site. 
b. Include compressive strength test reports. 
c. Include all ingredient certifications and product data concurrently. 

3. Steel Reinforcement Shop Drawings:  Placing drawings that detail fabrication, bending, 
and placement.  Include bar sizes, lengths, material, grade, bar schedules, stirrup spacing, 
bent bar diagrams, bar arrangement, splices and laps, mechanical connections, tie 
spacing, hoop spacing, and supports for concrete reinforcement. 

 
4. Slab-on-Grade Control Joint Layout Drawings:  Indicate joints as shown on Drawings 

and proposed locations following required spacing requirements. 

B. Informational Submittals: 

1. Material Certificates:  For each type of the following, signed by manufacturers: 

a. Reinforcing bars. 
b. Epoxy-coated reinforcing bars. 
c. Welded wire fabric. 

03 30 53 
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d. Joint dowel bars. 
e. Cementitious materials. 

 
2. Material Test Reports:  For the following, from a qualified testing agency, indicating 

compliance with requirements: 

a. Aggregates. 

3. Proposed curing method for all concrete elements. 

4. Curing compound compatibility with floor finishes and adhesives certificate. 

1.4 QUALITY ASSURANCE 

A. Ready-Mix-Concrete Manufacturer Qualifications:  A firm experienced in manufacturing ready-
mixed concrete products and that complies with ASTM C 94/C 94M requirements for 
production facilities and equipment. 

B. Comply with the following sections of ACI 301, unless modified by requirements in the 
Contract Documents: 

1. "General Requirements." 
2. "Formwork and Formwork Accessories." 
3. "Reinforcement and Reinforcement Supports." 
4. "Concrete Mixtures." 
5. "Handling, Placing, and Constructing." 

C. Comply with ACI 117, "Specifications for Tolerances for Concrete Construction and 
Materials." 

PART 2 - PRODUCTS 

2.1 FORMWORK 

A. Furnish formwork and formwork accessories according to ACI 301. 

2.2 STEEL REINFORCEMENT 

A. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60, deformed. 

B. Epoxy-Coated Reinforcing Bars:  ASTM A 615/A 615M, Grade 60, deformed bars, ASTM A 
775/A 775M or ASTM A 934/A 934M, epoxy coated, with less than 2 percent damaged coating 
in each 12-inch bar length. 

C. Plain-Steel Welded Wire Fabric:  ASTM A 185/A 185M, fabricated from as-drawn steel wire 
into flat sheets. 
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2.3 REINFORCEMENT ACCESSORIES 

A. Joint Dowel Bars:  ASTM A 615/A 615M, Grade 60, plain-steel bars, cut true to length with 
ends square and free of burrs. 

B. Epoxy Corrective Coating (Industry name is Epoxy Repair Coating):  Liquid, two-part, epoxy 
corrective coating; compatible with epoxy coating on reinforcement and complying with ASTM 
A 775/A 775M. 

C. Bar Supports:  Bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening 
reinforcing bars and welded wire reinforcement in place.  Manufacture bar supports from steel 
wire, plastic, or precast concrete according to CRSI's "Manual of Standard Practice," of greater 
compressive strength than concrete and as follows: 

1. For exterior concrete, use galvanized wire or dielectric-polymer-coated wire bar supports. 
2. For concrete surfaces exposed to view where legs of wire bar supports contact forms, use 

CRSI Class 1 plastic-protected steel wire or CRSI Class 2 stainless-steel bar supports. 
3. For epoxy-coated reinforcement, use epoxy-coated or other dielectric-polymer-coated 

wire bar supports. 

2.4 CONCRETE MATERIALS 

A. Cementitious Material:  Use the following cementitious materials, of the same type, brand, and 
source throughout Project: 

1. Portland Cement:  ASTM C 150, Type I or Type II. 

a. Fly Ash:  ASTM C 618, Class C or F. 
b. Ground Granulated Blast-Furnace Slag:  ASTM C 989, Grade 100 or 120. 

B. Normal-Weight Aggregates: 

1. ASTM C 33, Class 3S coarse aggregate or better, graded.  Provide aggregates from a 
single source. 

2. ASTM C 33, Class 4S coarse aggregate or better, graded, for exterior concrete.  Provide 
aggregates from a single source. 

3. Maximum Coarse-Aggregate Size: 
 

a. Slabs on Grade:  1-1/2 inches nominal. 
b. All other concrete:  1 inch nominal. 
 

4. Fine Aggregate:  Free of materials with deleterious reactivity to alkali in cement. 

C. Water:  ASTM C 94/C 94M and potable. 

2.5 ADMIXTURES 

A. Air-Entraining Admixture:  ASTM C 260. 
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B. Chemical Admixtures:  Provide admixtures certified by manufacturer to be compatible with 
other admixtures and that will not contribute water-soluble chloride ions exceeding those 
permitted in hardened concrete.  Do not use calcium chloride or admixtures containing calcium 
chloride. 

1. Water-Reducing Admixture:  ASTM C 494/C 494M, Type A. 
2. Retarding Admixture:  ASTM C 494/C 494M, Type B. 
3. Water-Reducing and Retarding Admixture:  ASTM C 494/C 494M, Type D. 
4. Mid-Range, Water-Reducing Admixture: ASTM C 494/C 494M, Type A or Type F. 

Water content reduction to be greater than 7%. 
5. High-Range, Water-Reducing Admixture:  ASTM C 494/C 494M, Type F. 
6. High-Range, Water-Reducing and Retarding Admixture:  ASTM C 494/C 494M, Type 

G. 
7. Plasticizing and Retarding Admixture:  ASTM C 1017/C 1017M, Type II. 

2.6 RELATED MATERIALS 

A. Joint-Filler Strips:  ASTM D 1751, asphalt-saturated cellulosic fiber, or ASTM D 1752, cork or 
self-expanding cork. 

B. Slab Control Joint Sealer:  Two-component, self-leveling, flexible, 100 percent solids, epoxy 
resin and adhesive with a Type A shore durometer hardness of 80 per ASTM D 2240 and 
conforming to ACI 302.1R (5.12-Joint Materials). 

C. Bond breakers: Waterborne, VOC compliant form release agent. 

D. Penetrating, Silane Sealer: Single component, minimum 40% silane, waterbased slab sealer that 
forms chemical bond to the concrete. VOC compliant. 

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. BASF Construction Chemicals; Enviroseal 40. 
b. Chem Masters; Aquanil Plus 40. 
c. Dayton Superior Corporation; Weather Worker 40% J29WB. 

E. Grout: ASTM C 1107, factory-packaged, shrinkage-resistant, nonmetallic aggregate grout, 
noncorrosive and nonstaining, mixed with water to consistency suitable for application and a 
30-minute working time. 

F. Chemical Anchor Adhesives:  Heavy duty, two component injectable adhesive designed to be 
dispensed using double chamber gun with mixing nozzle.  Adhesives in capsule form will not 
be accepted. 

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. DeWalt; AC200+. 
b. Hilti, Inc.; HIT-HY 200R; HIT-HY 200A. 
c. ITW Redhead; A7+. 
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2.7 CURING MATERIALS 

A. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-polyethylene 
sheet.  

B. Absorptive Cover:  AASHTO M 182, Class 3, burlap cloth or cotton mats. 
C. Water:  Potable. 
D. Clear, Waterborne, Membrane-Forming Curing Compound:  ASTM C 309, Type 1-D, Class B, 

dissipating, with fugitive dye. 

2.8 RECONSTRUCTION AND CORRECTIVE MATERIALS 

A. Corrective Mortar (Industry name is Repair Mortar):  Site-mixed Portland-cement mix for 
vertical and overhead surfaces. Mix dry-pack corrective mortar, consisting of one part 
shrinkage-compensating, Portland cement to two and one-half parts fine aggregate passing a 
No. 16 sieve by damp, loose volume, using only enough water for handling and placing. 

B. Thin Coat Patching Mortar:  Polymer modified, Portland cement, suitable for interior and 
exterior applications.  Featheredge up to 3/16 inch. For thicker applications manufacturer’s 
recommendations to extend mix with an aggregate may apply. 

2.9 CONCRETE MIXTURES 

A. Comply with ACI 301 requirements for concrete mixtures. 

B. Admixtures:  Use admixtures according to manufacturer's written instructions. 

1. Use water-reducing, high-range water-reducing or plasticizing admixture in all concrete. 
Design mix for optimum placement and workability. 

2. Use water-reducing and retarding admixture when required by high temperatures, low 
humidity, or other adverse placement conditions. 

3. Use a mid-range, water-reducing admixture in pumped concrete, all concrete slabs 
(including concrete walks), concrete required to be watertight, and concrete with a water-
cementitious materials ratio below 0.50. 

 

C. Exterior Concrete: For concrete elements at the exterior of the building, including but not 
limited to slabs (concrete walks), curbs and architectural concrete elements, proportion normal-
weight concrete mixture as follows: 

1. Minimum Compressive Strength:  4,500 psi at 28 days. 

2. Maximum Water-Cementitious Materials Ratio:  0.45. 

3. Slump Limit:  4 inches, plus or minus 1 inch; or 8 inches for concrete with verified slump 
of 2 to 4 inches before adding high-range water-reducing admixture or plasticizing 
admixture, plus or minus 1 inch. 
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4. Air Content:  5.5 percent, plus or minus 1.5 percent at point of delivery for 1-1/2-inch 
nominal maximum aggregate size.  

5. Air Content:  6 percent, plus or minus 1.5 percent at point of delivery for 1-inch nominal 
maximum aggregate size.  

D. All Other Concrete:  Proportion normal-weight concrete mixture as follows: 

1. Minimum Compressive Strength:  4,000 psi at 28 days. 

2. Maximum Water-Cementitious Materials Ratio:  0.50. 

3. Slump Limit:  4 inches, plus or minus 1 inch; or 8 inches for concrete with verified slump 
of 2 to 4 inches before adding high-range water-reducing admixture or plasticizing 
admixture, plus or minus 1 inch. 

4. Air Content:  6 percent, plus or minus 1.5 percent at point of delivery for 1-inch nominal 
maximum aggregate size. 

2.10 CONCRETE MIXING 

A. Project-Site Mixing:  Measure, batch, and mix concrete materials and concrete according to 
ASTM C 94/C 94M.  Mix concrete materials in appropriate drum-type batch machine mixer. 

1. For mixer capacity of 1 cu. yd. or smaller, continue mixing at least 1-1/2 minutes, but not 
more than 5 minutes after ingredients are in mixer, before any part of batch is released. 

2. For mixer capacity larger than 1 cu. yd., increase mixing time by 15 seconds for each 
additional 1 cu. yd. 

3. Provide batch ticket for each batch discharged and used in the Work, indicating Project 
identification name and number, date, mix type, mix time, quantity, and amount of water 
added.  Record approximate location of final deposit in structure. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that subgrade conditions are satisfactory prior to forming or pouring concrete. Owner’s 
Testing Agency shall inspect slab and footing subgrade prior to placing concrete. 

B. Verify that reinforcing is properly in place prior to pouring concrete. 
C. Verify that formwork is complete and properly secured prior to placing concrete. 
D. Proceed with installation only after unsatisfactory conditions have been corrected. 
E. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 FORMWORK 

A. Design, construct, erect, brace, and maintain formwork according to ACI 301. 
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3.3 EMBEDDED ITEMS 

A. Place and secure anchorage devices and other embedded items required for adjoining work 
attached to or supported by cast-in-place concrete.  Use setting drawings, templates, diagrams, 
instructions, and directions furnished with items to be embedded. 

3.4 VAPOR BARRIERS AND RETARDERS 

A. Install, protect, and correct vapor barriers and retarders according to ASTM E 1643, place 
sheets in position with longest dimension parallel with direction of pour. 

1. Lap joints 6 inches and seal with manufacturer's recommended adhesive or joint tape. 

3.5 STEEL REINFORCEMENT 

A. Comply with CRSI's "Manual of Standard Practice" for fabricating, placing, and supporting 
reinforcement. 

1. Do not cut or puncture vapor retarder.  Correct damage and reseal vapor retarder before 
placing concrete. 

B. Clean reinforcement of loose rust and mill scale, earth, ice, and other foreign materials that 
would reduce bond to concrete. 

C. Accurately position, support, and secure reinforcement against displacement.  Locate and 
support reinforcement with bar supports to maintain minimum concrete cover.  Do not tack 
weld crossing reinforcing bars. 

3.6 JOINTS 

A. Construction Joints:  Locate and install so strength and appearance of concrete are not impaired, 
at locations indicated or as approved by Architect. 

B. Control Joints in Slabs-on-Grade:  Form weakened-plane control joints, sectioning concrete into 
areas as indicated.  Construct control joints for a depth equal to at least one-fourth of concrete 
thickness, as follows: 

1. Sawed Joints:  Form control joints with power saws equipped with shatterproof abrasive 
or diamond-rimmed blades.  Cut 1/8-inch-wide joints into concrete when cutting action 
will not tear, abrade, or otherwise damage surface and before concrete develops random 
contraction cracks. Space joints as shown on Drawings or, if not shown, at 12 feet 
average spacing and not exceeding 15 feet.  Locate joints to align with existing joints 
where possible. 

C. Isolation Joints:  Install joint-filler strips at junctions with slabs-on-grade and vertical surfaces, 
such as column pedestals, foundation walls, grade beams, and other locations, as indicated. 

1. Extend joint fillers full width and depth of joint, terminating flush with finished concrete 
surface, unless otherwise indicated. 
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3.7 CONCRETE PLACEMENT 

A. Comply with ACI 301 for placing concrete. 

B. Before test sampling and placing concrete, water may be added at Project site, subject to 
limitations of ACI 301, (4.3.2.1 Slump Adjustment.) 

1. With each concrete mixture submittal, indicate amounts of mixing water to be withheld 
for later addition at Project site. 

2. Water added must not increase the water-cement ratio past the approved mix design ratio. 

3. Add additional water reducer or plasticizer to mix instead of adding water to achieve 
flowable, workable concrete. Do not add water to concrete after adding these admixtures 
to mixture. 

4. Do not add water after truck is more than half empty. 

C. Consolidate concrete with mechanical vibrating equipment. 

D. Equipment Bases and Foundations: 

1. Coordinate sizes and locations of concrete bases with actual equipment provided. 

2. Construct concrete bases 4 inches high unless otherwise indicated; and extend base not 
less than 6 inches in each direction beyond the maximum dimensions of supported 
equipment unless otherwise indicated or unless required for seismic anchor support. 

3. Minimum Compressive Strength:  4,000 psi at 28 days. 

4. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 
install dowel rods on 18-inch centers around the full perimeter of concrete base. 

5. For supported equipment, install epoxy-coated anchor bolts that extend through concrete 
base, and anchor into structural concrete substrate. 

6. Prior to pouring concrete, place, and secure anchorage devices.  Use setting drawings, 
templates, diagrams, instructions, and directions furnished with items to be embedded. 

7. Cast anchor-bolt insert into bases.  Install anchor bolts to elevations required for proper 
attachment to supported equipment. 

3.8 FINISHING FORMED SURFACES 

A. Smooth-Formed Finish:  As-cast concrete texture imparted by form-facing material, arranged in 
an orderly and symmetrical manner with a minimum of seams.  Correct and patch tie holes and 
defective areas.  Remove fins and other projections exceeding 1/8 inch. 

1. Apply to concrete surfaces exposed to public view, to receive a rubbed finish, or to be 
covered with a coating or covering material applied directly to concrete. 
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B. Related Unformed Surfaces:  At tops of walls, horizontal offsets, and similar unformed surfaces 
adjacent to formed surfaces, strike off smooth and finish with a texture matching adjacent 
formed surfaces.  Continue final surface treatment of formed surfaces uniformly across adjacent 
unformed surfaces, unless otherwise indicated. 

3.9 FINISHING UNFORMED SURFACES 

A. General:  Comply with ACI 302.1R for screeding, restraightening, and finishing operations for 
concrete surfaces.  Do not wet concrete surfaces. 

B. Screed surfaces with a straightedge and strike off.  Begin initial floating using bull floats or 
darbies to form a uniform and open-textured surface plane before excess moisture or bleedwater 
appears on surface. 

1. Do not further disturb surfaces before starting finishing operations. 

C. Nonslip Broom Finish:  Apply a nonslip broom finish to surfaces indicated and to exterior 
concrete walks, slabs, platforms, steps, and ramps.  Immediately after float finishing, slightly 
roughen trafficked surface by brooming with fiber-bristle broom perpendicular to main traffic 
route. 

D. Exterior Concrete Walks and Slabs: Apply penetrating, silane sealer per manufacturer’s 
instructions. 

3.10 CONCRETE PROTECTING AND CURING 

A. General:  Protect freshly placed concrete from premature drying and excessive cold or hot 
temperatures.  Comply with ACI 306.1 for cold-weather protection and with ACI 301 for hot-
weather protection during curing. 

B. Begin curing after finishing concrete but not before free water has disappeared from concrete 
surface. 

C. Curing Methods:  Cure formed and unformed concrete for at least seven days by one or a 
combination of the following methods: 

1. Moisture Curing:  Keep surfaces continuously moist for not less than seven days with the 
following materials: 

a. Water. 
b. Continuous water-fog spray. 
c. Absorptive cover, water saturated and kept continuously wet.  Cover concrete 

surfaces and edges with 12-inch lap over adjacent absorptive covers. 

2. Moisture-Retaining-Cover Curing:  Cover concrete surfaces with moisture-retaining 
cover for curing concrete, placed in widest practicable width, with sides and ends lapped 
at least 12 inches, and sealed by waterproof tape or adhesive.  Cure for not less than 
seven days.  Immediately correct any holes or tears during curing period using cover 
material and waterproof tape.  
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a. Use for all interior slabs-on-grade. 

3. Curing Compound:  Apply uniformly in continuous operation by power spray or roller 
according to manufacturer's written instructions.  Recoat areas subjected to heavy rainfall 
within three hours after initial application.  Maintain continuity of coating and correct 
damage during curing period. 
 

4. Curing and Sealing Compound:  Apply uniformly to floors and slabs indicated in a 
continuous operation by power spray or roller according to manufacturer's written 
instructions.  Recoat areas subjected to heavy rainfall within three hours after initial 
application.  Repeat process 24 hours later and apply a second coat.  Maintain continuity 
of coating and correct damage during curing period. 

3.11 FIELD QUALITY CONTROL 

A. Testing Agency:  Owner will engage a qualified testing agency to perform tests and inspections. 

B. Contractor to supply all batch tickets to Owner’s testing agency. Batch tickets to note w/c ratio 
and amount of water allowed to be added at Project site. 

C. Tests:  Perform according to ACI 301. Include Unit Weight: ASTM C 138, fresh unit weight 
of concrete. Two tests per truck load; one at beginning of pour and near end of pour. 

1. Testing Frequency:  One composite sample shall be obtained for each 100 cu. yd. or 
fraction thereof of each concrete mix placed each day. 

2. Include corresponding concrete mix batch tickets with each test report. 
3. Indicate amount of water added to batch at Project site. 

3.12 CORRECTIVE WORK 

A. Remove and replace concrete that does not comply with requirements in this Section. 

END OF SECTION 03 30 53 
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SECTION 04 21 00 - MASONRY ACCESSORIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Mortar and grout. 
2. Masonry-joint reinforcement. 
3. Miscellaneous masonry accessories. 

1.3 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1.4 SUBMITTALS, GENERAL 

A. General: Submit all action submittals (except Samples for Verification) and informational 
submittals required by this Section concurrently. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1. Portland cement. 
2. Hydrated lime. 
3. Portland cement-lime mix. 
4. Mortar pigments. 
5. Colored cement products. 
6. Aggregate for mortar. 

B. As-Specified Data: If the product to be incorporated into Project is as specified by manufacturer 
name and product designation in Part 2 of this Specification Section, submit the “As-Specified 
Verification Form” (attached to Division 01 Section “Submittal Procedures”) for each item 
listed below, otherwise submit full Product Data for the following: 

1. Compressible filler. 
2. Preformed control-joint gaskets. 
3. Weep/cavity vent products. 
4. Cavity drainage material. 

04 21 00 
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C. Samples for Initial Selection: 

1. Colored mortar. 

D. Samples for Verification: For each type and color of the following: 

1. Pigmented mortar. Make Samples using same sand and mortar ingredients to be used on 
Project. 

1.6 INFORMATIONAL SUBMITTALS 

A. Material Certificates: For each type and size of the following: 

1. Preblended, dry mortar mixes. Include description of type and proportions of ingredients. 
2. Grout mixes. Include description of type and proportions of ingredients. 

B. Mix Designs: For each type of mortar and grout. Include description of type and proportions of 
ingredients. 

1. Include test reports, according to ASTM C1019, for grout mixes required to comply with 
compressive strength requirement. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Store masonry units on elevated platforms in a dry location. If units are not stored in an 
enclosed location, cover tops and sides of stacks with waterproof sheeting, securely tied. If units 
become wet, do not install until they are dry. 

B. Store cementitious materials on elevated platforms, under cover, and in a dry location. Do not 
use cementitious materials that have become damp. 

C. Store aggregates where grading and other required characteristics can be maintained and 
contamination avoided. 

D. Deliver preblended, dry mortar mix in moisture-resistant containers. Store preblended, dry 
mortar mix in delivery containers on elevated platforms in a dry location or in covered 
weatherproof dispensing silos. 

E. Store masonry accessories, including metal items, to prevent corrosion and accumulation of dirt 
and oil. 

1.8 FIELD CONDITIONS 

A. Protection of Masonry: During construction, cover tops of walls, projections, and sills with 
waterproof sheeting at end of each day's work. Cover partially completed masonry when 
construction is not in progress. 

1. Extend cover a minimum of 24 inches down both sides of walls, and hold cover securely 
in place. 
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2. Where one wythe of multiwythe masonry walls is completed in advance of other wythes, 
secure cover a minimum of 24 inches down face next to unconstructed wythe, and hold 
cover in place. 

B. Do not apply uniform floor or roof loads for at least 12 hours and concentrated loads for at least 
three days after building masonry walls or columns. 

C. Stain Prevention: Prevent grout, mortar, and soil from staining the face of masonry to be left 
exposed or painted. Immediately remove grout, mortar, and soil that come in contact with such 
masonry. 

1. Protect base of walls from rain-splashed mud and from mortar splatter by spreading 
coverings on ground and over wall surface. 

2. Protect sills, ledges, and projections from mortar droppings. 
3. Protect surfaces of window and door frames, as well as similar products with painted and 

integral finishes, from mortar droppings. 
4. Turn scaffold boards near the wall on edge at the end of each day to prevent rain from 

splashing mortar and dirt onto completed masonry. 

D. Cold-Weather Requirements: Do not use frozen materials or materials mixed or coated with ice 
or frost. Do not build on frozen substrates. Remove and replace unit masonry damaged by frost 
or by freezing conditions. Comply with cold-weather construction requirements contained in 
TMS 602. 

1. Cold-Weather Cleaning: Use liquid cleaning methods only when air temperature is 40 
deg F and higher and will remain so until masonry has dried, but not less than seven days 
after completing cleaning. 

E. Hot-Weather Requirements: Comply with hot-weather construction requirements contained in 
TMS 602. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Source Limitations for Masonry Units: Obtain exposed masonry units of a uniform texture and 
color, or a uniform blend within the ranges accepted for these characteristics, from single source 
from single manufacturer for each product required. 

B. Source Limitations for Mortar Materials: Obtain mortar ingredients of a uniform quality, 
including color for exposed masonry, from single manufacturer for each cementitious 
component and from single source or producer for each aggregate. 

2.2 MORTAR AND GROUT MATERIALS 

A. Portland Cement: ASTM C150/C150M, Type I or II, except Type III may be used for cold-
weather construction. Provide natural color or white cement as required to produce mortar color 
indicated. 

1. Alkali content shall not be more than 0.1 percent when tested according to ASTM C114. 



MASONRY ACCESSORIES  Tetra Tech 

04 21 00 / Page 4 Project No. 203778-21001 Architects & Engineers 

B. Hydrated Lime: ASTM C207, Type S. 

C. Portland Cement-Lime Mix: Packaged blend of portland cement and hydrated lime containing 
no other ingredients. 

D. Mortar Pigments: Natural and synthetic iron oxides and chromium oxides, compounded for use 
in mortar mixes and complying with ASTM C979/C979M. Use only pigments with a record of 
satisfactory performance in masonry mortar. 

E. Colored Cement Products: Packaged blend made from portland cement and hydrated lime and 
mortar pigments, all complying with specified requirements, and containing no other 
ingredients. 

1. Formulate blend as required to produce color indicated. 

a. Match Existing in the field 

2. Pigments shall not exceed 10 percent of portland cement by weight. 

F. Aggregate for Mortar: ASTM C144. 

1. For mortar that is exposed to view, use washed aggregate consisting of natural sand or 
crushed stone. 

2. For joints less than 1/4 inch thick, use aggregate graded with 100 percent passing the 
No. 16 sieve. 

3. White-Mortar Aggregates: Natural white sand or crushed white stone. 
4. Colored-Mortar Aggregates: Natural sand or crushed stone of color necessary to produce 

required mortar color. 

G. Aggregate for Grout: ASTM C404. 

H. Water: Potable. 

2.3 MISCELLANEOUS MASONRY ACCESSORIES 

A. Weep/Cavity Vent Products: Use the following unless otherwise indicated: 

1. Cellular Plastic Weep/Vent: One-piece, flexible extrusion made from UV-resistant 
polypropylene copolymer, full height and width of head joint and depth 1/8 inch less than 
depth of outer wythe, in color selected from manufacturer's standard. 

a. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following: 

1) Advanced Building Products, Inc.; Mortar Maze Weep Vents. 
2) Heckmann Building Products Inc., Div. of Mechanical Plastics Corp.; Cell 

Vent (85). 
3) Hohmann & Barnard, Inc.; QV – Quadro-Vent. 
4) Wire-Bond; #3601 Cell Vent. 
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2.4 MORTAR AND GROUT MIXES 

A. General: Do not use admixtures, including pigments, air-entraining agents, accelerators, 
retarders, water-repellent agents, antifreeze compounds, or other admixtures unless otherwise 
indicated. 

1. Do not use calcium chloride in mortar or grout. 
2. Use portland cement-lime mortar unless otherwise indicated. 

B. Mortar for Unit Masonry: Comply with ASTM C270, Proportion Specification. Provide the 
following types of mortar for applications stated unless another type is indicated. 

1. Use Type N mortar in all masonry veneer construction and in all masonry construction 
other than noted in the requirements for Type S mortar above. 

C. Pigmented Mortar: Use colored cement product. 

1. Application: Use pigmented mortar for exposed mortar joints with the following units: 

a. Face brick. 

D. Grout for Unit Masonry: Comply with ASTM C476. 

1. Use grout of type indicated or, if not otherwise indicated, of type (fine or coarse) that will 
comply with TMS 602 for dimensions of grout spaces and pour height. 

2. Proportion grout in accordance with ASTM C476, Table 1. 
3. Provide grout with a slump of 8 to 11 inches as measured according to 

ASTM C143/C143M. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine conditions, with Installer present, for compliance with requirements for installation 
tolerances and other conditions affecting performance of the Work. 

1. Verify that foundations are within tolerances specified. 
2. Verify that reinforcing dowels are properly placed. 
3. Verify that substrates are free of substances that impair mortar bond. 

B. Before installation, examine rough-in and built-in construction for piping systems to verify 
actual locations of piping connections. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

D. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 
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3.2 INSTALLATION, GENERAL 

A. Thickness: Build cavity and composite walls and other masonry construction to full thickness 
shown. Build single-wythe walls to actual widths of masonry units, using units of widths 
indicated. 

B. Build chases and recesses to accommodate items specified in this and other Sections. 

C. Leave openings for equipment to be installed before completing masonry. After installing 
equipment, complete masonry to match construction immediately adjacent to opening. 

D. Use full-size units without cutting if possible. If cutting is required to provide a continuous 
pattern or to fit adjoining construction, cut units with motor-driven saws; provide clean, sharp, 
unchipped edges. Allow units to dry before laying unless wetting of units is specified. Install cut 
units with cut surfaces and, where possible, cut edges concealed. 

E. Select and arrange units for exposed unit masonry to produce a uniform blend of colors and 
textures. Mix units from several pallets or cubes as they are placed. 

F. Matching Existing Masonry: Match coursing, bonding, color, and texture of existing masonry. 

G. Wetting of Brick: Wet brick before laying if initial rate of absorption exceeds 30 g/30 sq. in. per 
minute when tested according to ASTM C67. Allow units to absorb water so they are damp but 
not wet at time of laying. 

3.3 TOLERANCES 

A. Dimensions and Locations of Elements: 

1. For dimensions in cross section or elevation, do not vary by more than plus 1/2 inch or 
minus 1/4 inch. 

2. For location of elements in plan, do not vary from that indicated by more than plus or 
minus 1/2 inch. 

3. For location of elements in elevation, do not vary from that indicated by more than plus 
or minus 1/4 inch in a story height or 1/2 inch total. 

B. Lines and Levels: 

1. For bed joints and top surfaces of bearing walls, do not vary from level by more than 1/4 
inch in 10 feet, or 1/2-inch maximum. 

2. For conspicuous horizontal lines, such as lintels, sills, parapets, and reveals, do not vary 
from level by more than 1/8 inch in 10 feet, 1/4 inch in 20 feet, or 1/2-inch maximum. 

3. For vertical lines and surfaces, do not vary from plumb by more than 1/4 inch in 10 feet, 
3/8 inch in 20 feet, or 1/2-inch maximum. 

4. For conspicuous vertical lines, such as external corners, door jambs, reveals, and 
expansion and control joints, do not vary from plumb by more than 1/8 inch in 10 feet, 
1/4 inch in 20 feet, or 1/2-inch maximum. 
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5. For lines and surfaces, do not vary from straight by more than 1/4 inch in 10 feet, 3/8 
inch in 20 feet, or 1/2-inch maximum. 

6. For vertical alignment of exposed head joints, do not vary from plumb by more than 1/4 
inch in 10 feet or 1/2-inch maximum. 

C. Joints: 

1. For bed joints, do not vary from thickness indicated by more than plus or minus 1/8 inch, 
with a maximum thickness limited to 1/2 inch. 

2. For exposed bed joints, do not vary from bed-joint thickness of adjacent courses by more 
than 1/8 inch. 

3. For head and collar joints, do not vary from thickness indicated by more than plus 3/8 
inch or minus 1/4 inch. 

4. For exposed head joints, do not vary from thickness indicated by more than plus or minus 
1/8 inch. Do not vary from adjacent bed-joint and head-joint thicknesses by more than 
1/8 inch. 

5. For exposed bed joints and head joints of stacked bond, do not vary from a straight line 
by more than 1/16 inch from one masonry unit to the next. 

3.4 LAYING MASONRY WALLS 

A. Lay out walls in advance for accurate spacing of surface bond patterns with uniform joint 
thicknesses and for accurate location of openings, movement-type joints, returns, and offsets. 
Avoid using less-than-half-size units, particularly at corners, jambs, and, where possible, at 
other locations. 

B. Bond Pattern for Exposed Masonry: Unless otherwise indicated, lay exposed masonry in 
running bond; do not use units with less-than-nominal 4-inch horizontal face dimensions at 
corners or jambs. 

C. Lay concealed masonry with all units in a wythe in running bond or bonded by lapping not less 
than 2 inches. Bond and interlock each course of each wythe at corners. Do not use units with 
less-than-nominal 4-inch horizontal face dimensions at corners or jambs. 

D. Stopping and Resuming Work: Stop work by stepping back units in each course from those in 
course below; do not tooth. When resuming work, clean masonry surfaces that are to receive 
mortar, remove loose masonry units and mortar, and wet brick if required before laying fresh 
masonry. 

E. Built-in Work: As construction progresses, build in items specified in this and other Sections. 
Fill in solidly with masonry around built-in items. 

F. Fill space between steel frames and masonry solidly with mortar unless otherwise indicated. 

G. Where built-in items are to be embedded in cores of hollow masonry units, place a layer of 
metal lath, wire mesh, or plastic mesh in the joint below, and rod mortar or grout into core. 



MASONRY ACCESSORIES  Tetra Tech 

04 21 00 / Page 8 Project No. 203778-21001 Architects & Engineers 

3.5 MORTAR BEDDING AND JOINTING 

A. Lay solid masonry units with completely filled bed and head joints; butter ends with sufficient 
mortar to fill head joints and shove into place. Do not deeply furrow bed joints or slush head 
joints. 

B. Tool exposed joints slightly concave when thumbprint hard, using a jointer larger than joint 
thickness unless otherwise indicated. 

C. Cut joints flush for masonry walls to receive plaster or other direct-applied finishes (other than 
paint) unless otherwise indicated. 

D. Cut joints flush where indicated to receive air barriers unless otherwise indicated. 

3.6 COMPOSITE MASONRY 

A. Bond wythes of composite masonry together as follows: 

1. Masonry-Joint Reinforcement: Installed in horizontal mortar joints. 

a. Use adjustable-type (two-piece-type) reinforcement. 

B. Collar Joints: Solidly fill collar joints by parging face of first wythe that is laid and shoving 
units of other wythe into place. 

C. Corners: Provide interlocking masonry unit bond in each wythe and course at corners unless 
otherwise indicated. 

1. Provide continuity with masonry-joint reinforcement at corners by using prefabricated L-
shaped units as well as masonry bonding. 

D. Intersecting and Abutting Walls: Unless vertical expansion or control joints are shown at 
juncture, bond walls together as follows: 

1. Provide continuity with masonry-joint reinforcement by using prefabricated T-shaped 
units. 

3.7 CAVITY WALLS 

A. Bond wythes of cavity walls together using one of the following methods: 

1. Masonry-Joint Reinforcement: Installed in horizontal mortar joints. 

a. Use adjustable-type (two-piece-type) reinforcement. 

2. Adjustable Masonry-Veneer Anchors: Comply with requirements for anchoring masonry 
veneers. 

B. Keep cavities clean of mortar droppings and other materials during construction. Bevel beds 
away from cavity, to minimize mortar protrusions into cavity.  
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C. Install air barrier system to comply with Division 07 Section “Fluid-Applied Membrane Air 
Barriers.” 

D. Installing Cavity Wall Insulation: Place small dabs of adhesive, spaced approximately 12 inches 
o.c. both ways, on inside face of insulation boards, or attach with plastic fasteners designed for 
this purpose. Fit courses of insulation between wall ties and other confining obstructions in 
cavity, with edges butted tightly both ways. Press units firmly against inside wythe of masonry 
or other construction as shown. 

1. Fill cracks and open gaps in insulation with crack sealer compatible with insulation, air 
barrier, and masonry. 

3.8 ANCHORED MASONRY VENEERS 

A. Anchor masonry veneers to wall framing with masonry-veneer anchors to comply with the 
following requirements: 

1. Fasten screw-attached anchors through sheathing to wall framing with metal fasteners of 
type indicated. Use two fasteners unless anchor design only uses one fastener. 

2. Embed tie sections in masonry joints. 

3. Locate anchor sections to allow maximum vertical differential movement of ties up and 
down. 

4. Space anchors as indicated, but not more than 16 inches o.c. vertically and 16 inches o.c. 
horizontally, with not less than one anchor for each 2 sq. ft. of wall area. Install additional 
anchors within 12 inches of openings and at intervals, not exceeding 8 inches, around 
perimeter. 

B. Provide not less than 2 inches of airspace between back of masonry veneer and face of 
insulation. 

1. Keep airspace clean of mortar droppings and other materials during construction. Bevel 
beds away from airspace, to minimize mortar protrusions into airspace.  

3.9 MASONRY-JOINT REINFORCEMENT 

A. General: Install entire length of longitudinal side rods in mortar with a minimum cover of 5/8 
inch on exterior side of walls, 1/2 inch elsewhere. Lap reinforcement a minimum of 6 inches. 

1. Space reinforcement not more than 16 inches o.c. 
2. Provide reinforcement not more than 8 inches above and below wall openings and 

extending 12 inches beyond openings in addition to continuous reinforcement. 

B. Interrupt joint reinforcement at control and expansion joints unless otherwise indicated. 

C. Provide continuity at wall intersections by using prefabricated T-shaped units. 

D. Provide continuity at corners by using prefabricated L-shaped units. 
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E. Cut and bend reinforcing units as directed by manufacturer for continuity at returns, offsets, 
column fireproofing, pipe enclosures, and other special conditions. 

3.10 ANCHORING MASONRY TO STRUCTURAL STEEL AND CONCRETE 

A. Anchor masonry to structural steel and concrete, where masonry abuts or faces structural steel 
or concrete, to comply with the following: 

1. Provide an open space not less than 2 inches wide between masonry and structural steel 
or concrete unless otherwise indicated. Keep open space free of mortar and other rigid 
materials. 

2. Anchor masonry with anchors embedded in masonry joints and attached to structure. 

3. Space anchors as indicated, but not more than 16 inches o.c. vertically and 16 inches o.c. 
horizontally. 

3.11 CONTROL AND EXPANSION JOINTS 

A. General: Install control- and expansion-joint materials in unit masonry as masonry progresses. 
Do not allow materials to span control and expansion joints without provision to allow for in-
plane wall or partition movement. 

1. Locate joints as indicated on Drawings; if not indicate, locate vertical joints not more 
than 20 feet o.c. for expansion joints in masonry veneer and 24 feet o.c. for control joints 
in concrete masonry. 

B. Form expansion joints in brick as follows: 

1. Build in compressible joint fillers where indicated. 

2. Form open joint full depth of brick wythe and of width indicated, but not less than 3/8 
inch for installation of sealant and backer rod specified in Division 07 Section  "Joint 
Sealants." 

C. Provide horizontal, pressure-relieving joints by either leaving an airspace or inserting a 
compressible filler of width required for installing sealant and backer rod specified in Division 
07 Section "Joint Sealants," but not less than 3/8 inch. 

1. Locate horizontal, pressure-relieving joints beneath shelf angles supporting masonry. 

3.12 FLASHING, WEEP HOLES, AND CAVITY VENTS 
 

A. General: Install embedded flashing and weep holes in masonry at shelf angles, lintels, ledges, 
other obstructions to downward flow of water in wall, and where indicated. Install cavity vents 
at shelf angles, ledges, and other obstructions to upward flow of air in cavities, and where 
indicated. 
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B. Install flashing as follows unless otherwise indicated: 

1. Prepare masonry surfaces so they are smooth and free from projections that could 
puncture flashing. Where flashing is within mortar joint, place through-wall flashing on 
sloping bed of mortar and cover with mortar. Before covering with mortar, seal 
penetrations in flashing with adhesive, sealant, or tape as recommended by flashing 
manufacturer. 

2. At masonry-veneer walls, extend flashing through veneer, across airspace behind veneer, 
and up face of sheathing at least 12 inches, and at least 6 inches above the top of the 
cavity drainage material or to height as recommended by cavity drainage material 
manufacturer. Fasten upper edge of flexible flashing to sheathing through termination 
bar. 

3. Apply a continuous bead of compatible sealant to the top of the termination bar. 

4. At lintels and shelf angles, extend flashing a minimum of 6 inches into masonry at each 
end. At heads and sills, extend flashing 6 inches at ends and turn up not less than 2 inches 
to form end dams. 

5. Cut flexible flashing off flush with face of wall after masonry wall construction is 
completed. 

C. Install weep holes in exterior wythes and veneers in head joints of first course of masonry 
immediately above embedded flashing. 

1. Use specified weep/cavity vent products to form weep holes. 
2. Space weep holes 24 inches o.c. unless otherwise indicated. 

D. Place cavity drainage material in airspace behind veneers to comply with configuration 
requirements for cavity drainage material in "Miscellaneous Masonry Accessories" Article. 

E. Install cavity vents in head joints in exterior wythes at 24 inches o.c. unless otherwise indicated. 
Use specified weep/cavity vent products to form cavity vents. 

1. Close cavities off vertically and horizontally with blocking in manner indicated. Install 
through-wall flashing and weep holes above horizontal blocking. 

3.13 CORRECTING, POINTING, AND CLEANING 

A. Remove and replace masonry units that are loose, chipped, broken, stained, or otherwise 
damaged or that do not match adjoining units. Install new units to match adjoining units; install 
in fresh mortar, pointed to eliminate evidence of replacement. 

B. Pointing: During the tooling of joints, enlarge voids and holes, except weep holes, and 
completely fill with mortar. Point up joints, including corners, openings, and adjacent 
construction, to provide a neat, uniform appearance. Prepare joints for sealant application, 
where indicated. 
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C. In-Progress Cleaning: Clean unit masonry as work progresses by dry brushing to remove mortar 
fins and smears before tooling joints. 

D. Final Cleaning: After mortar is thoroughly set and cured, clean exposed masonry as follows: 

1. Remove large mortar particles by hand with wooden paddles and nonmetallic scrape hoes 
or chisels. 

2. Test cleaning methods on sample wall panel; leave one-half of panel uncleaned for 
comparison purposes. Obtain Architect's approval of sample cleaning before proceeding 
with cleaning of masonry. 

3. Protect adjacent stone and nonmasonry surfaces from contact with cleaner by covering 
them with liquid strippable masking agent or polyethylene film and waterproof masking 
tape. 

4. Wet wall surfaces with water before applying cleaners; remove cleaners promptly by 
rinsing surfaces thoroughly with clear water. 

5. Clean brick by bucket-and-brush hand-cleaning method described in BIA Technical 
Notes 20. 

6. Clean concrete masonry by applicable cleaning methods indicated in NCMA TEK 8-4A. 

7. Clean masonry with a proprietary cleaner applied according to manufacturer's written 
instructions. 

END OF SECTION 04 21 00 
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SECTION 05 40 00 - COLD-FORMED METAL FRAMING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following cold-formed metal framing (“CFMF”) elements: 

1. Roof soffit framing. 

1.3 DEFINITIONS 

1.4 SUBMITTALS 

A. General: Submit all action submittals and informational submittals required by this Section 
concurrently. 

B. Action Submittals: 

1. Product Data:  For each type of cold-formed metal framing product and accessory 
indicated. 

2. 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. 

C. Informational Submittals: 

1. 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: 

a. Mechanical fasteners. 
b. Miscellaneous structural clips and accessories 

05 40 00 
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1.5 QUALITY ASSURANCE 

A. Cold-formed Metal Framing Installer Qualifications: At least 5 years experience in construction 
of cold-formed metal framing systems similar in scope to application shown on Documents with 
record of successful in-service performance for prior projects. 

B. 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. 

C. 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." 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Packing and Shipping:  Deliver materials and components to Site in manufacturer's unopened 
packages, containers or bundles, fully identified with brand name, type, grade and identification 
of manufacturer or supplier. 

B. Protect cold-formed metal framing from corrosion, deformation, and other damage during 
delivery, storage, and handling. 

C. Store cold-formed metal framing, protect with a waterproof covering, and ventilate to avoid 
condensation. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 
cold-formed metal framing that may be incorporated into the Work include, but are not limited 
to, the following: 

1. AllSteel Products, Inc. 
2. ClarkWestern Building Systems, Inc. 
3. Dietrich Metal Framing; a Worthington Industries Company. 
4. MarinoWare; a division of Ware Industries. 
5. MBA Building Supplies, Inc. 
6. Super Stud Building Products, Inc. 
7. United Metal Products, Inc. 
8. Telling Industries, LLC. 

2.2 MATERIALS 

A. Steel Sheet:  ASTM A 1003/A 1003M, Structural Grade, Type H, metallic coated, of grade and 
coating weight as follows: 
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1. Grade:  As required by structural performance. 
2. Coating:  G60. 

2.3 ROOF-RAFTER FRAMING 

A. Steel Soffit Framing:  Manufacturer's standard C-shaped steel sections, of web depths indicated, 
unpunched, with stiffened flanges, and as shown on drawings. 

2.4 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. 

2.5 ANCHORS, CLIPS, AND FASTENERS 

A. 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. 

2.6 MISCELLANEOUS MATERIALS 

A. Galvanizing Repair Paint:  ASTM A 780. 

2.7 FABRICATION 

A. Fabricate cold-formed metal framing and accessories plumb, square, and true to line, and with 
connections securely fastened, according to referenced AISI 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. Locate mechanical fasteners and install according to Shop Drawings, with screw 
penetrating joined members by not less than three exposed screw threads. 

4. Splices in axially loaded members not acceptable. 

B. Reinforce, stiffen, and brace framing assemblies to withstand handling, delivery, and erection 
stresses.  Lift fabricated assemblies to prevent damage or permanent distortion. 
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C. Fabrication Tolerances:  Fabricate assemblies level, plumb, and true to line to a maximum 
allowable tolerance variation of 1/8 inch in 10 feet and as follows: 

1. Spacing:  Space individual framing members no more than plus or minus 1/8 inch 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. 

D. Touch-up all welds with galvanizing primer. 

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. 

B. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 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", manufacturer's written instructions, Drawings, and approved 
Shop Drawings 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. 

D. Install cold-formed metal framing and accessories plumb, square, and true to line, and with 
connections securely fastened. 

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. 

E. Install framing members in one-piece lengths unless splice connections are indicated for track 
or tension members. 
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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 and as follows: 

1. Space individual framing members no more than plus or minus 1/8 inch from plan 
location.  Cumulative error shall not exceed minimum fastening requirements of 
sheathing or other finishing materials. 

3.3 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. Contractor to provide access to construction 
for inspections to verify conformance with provisions of Contract Documents and approved 
Shop Drawings. Inspections to include but not limited to, the following: 

1. Verify member sizes, configuration and spacing. 
2. Inspect screwed and welded connections. 
3. Inspect weld quality. 
4. Verify field welder’s certification. 
5. Verify galvanizing primer has been applied to all welds and damaged galvanized 

surfaces. 
6. Verify compliance with details shown on approved drawings such as bracing, stiffening, 

member location, and proper application of joint details at each connection. 

B. Field and shop welds will be subject to testing and inspecting. 

C. Testing agency will report test results promptly 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. 

3.4 REPAIRS AND PROTECTION 

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. 
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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 05 40 00 
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SECTION 05 52 13 - TUBE RAILINGS (STAINLESS STEEL) 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Stainless-steel tube railings. 
2. Stainless-steel fittings, brackets, and other railing accessories. 

1.3 COORDINATION 

A. Coordinate installation of anchorages for railings. 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. 

B. Schedule installation so wall attachments are made only to completed walls. Do not support 
railings temporarily by any means that do not satisfy structural performance requirements. 

1.4 SUBMITTALS, GENERAL 

A. General: Submit all action submittals and informational submittals required by this Section 
concurrently. 

1.5 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Stainless-steel tube. 
2. Woven-wire mesh infill panels. 
3. Fasteners. 
4. Railing brackets, flanges, fittings, and anchors. 

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work. 

C. Samples: For each type of exposed finish required. 

1. Include sample radius bend and weld. 

05 52 13 
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1.6 INFORMATIONAL SUBMITTALS 

A. Mill Certificates: Signed by manufacturers of stainless-steel products certifying that products 
furnished comply with requirements. 

1.7 QUALITY ASSURANCE 

A. Source Limitations: Obtain each type of railing from single source from single manufacturer. 

B. Welding Qualifications: Qualify procedures and personnel according to the following: 

1. AWS D1.6/D1.6M, "Structural Welding Code - Stainless Steel." 

C. Shop Conditions: Maintain shop conditions in a clean manner to prevent contamination of 
stainless-steel surfaces. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Protect mechanical finishes on exposed surfaces from damage by applying a strippable, 
temporary protective covering before shipping. 

1.9 FIELD CONDITIONS 

A. Field Measurements: Verify actual locations of walls and other construction contiguous with 
metal fabrications by field measurements before fabrication. 

PART 2 - PRODUCTS 

2.1 METALS, GENERAL 

A. Metal Surfaces, General: Provide materials with smooth surfaces, without seam marks, roller 
marks, rolled trade names, stains, discolorations, or blemishes. 

B. Brackets, Flanges, and Anchors: Cast or formed metal of same type of material and finish as 
supported rails unless otherwise indicated. 

1. Provide type of bracket with flange tapped for concealed anchorage to threaded hanger 
bolt and that provides minimum 1-1/2-inch clearance from inside face of handrail to 
finished wall surface. 

2.2 STAINLESS STEEL 

A. Tubing: ASTM A 269, Grade MT 316L. 

B. Castings: ASTM A 743/A 743M, Grade CF 8M or CF 3M. 
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C. Sheet, Strip, Plate, and Flat Bar: ASTM A 666, Type 316L. 

D. Bars and Shapes: ASTM A 276, Type 316L. 

E. Woven-Wire Mesh Infill Panels: Intermediate-crimp, square pattern, 1-inch woven-wire mesh, 
made from not less than 0.120-inch-diameter stainless steel wire complying with ASTM 
A580/A580M, Type 304. 

2.3 FASTENERS 

A. General: Provide the following: 

1. Stainless-Steel Railings:  Type 316 stainless-steel fasteners. 
2. Provide exposed fasteners with finish matching appearance, including color and texture, 

of railings. 

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. 

C. Fasteners for Interconnecting Railing Components: 

1. Provide concealed fasteners for interconnecting railing components and for attaching 
them to other work, unless exposed fasteners are unavoidable or are the standard 
fastening method for railings indicated. 

2. Provide tamper-resistant flat-head machine screws for exposed fasteners unless otherwise 
indicated. 

D. Post-Installed Anchors: Torque-controlled expansion anchors capable of sustaining, without 
failure, a load equal to 6 times the load imposed when installed in unit masonry and 4 times the 
load imposed when installed in concrete, as determined by testing according to 
ASTM E 488/E 488M, conducted by a qualified independent testing agency. 

1. Material: Alloy Group 2 stainless-steel bolts, ASTM F 593, and nuts, ASTM F 594. 

2.4 MISCELLANEOUS MATERIALS 

A. Welding Rods and Bare Electrodes: Select according to AWS specifications for metal alloy 
welded. 

1. For stainless-steel railings, provide type and alloy as recommended by producer of metal 
to be welded and as required for color match, strength, and compatibility in fabricated 
items. 

B. Nonshrink, Nonmetallic Grout: Factory-packaged, nonexpanding, nonstaining, noncorrosive, 
nongaseous grout complying with ASTM C 1107/C 1107M. Provide grout specifically 
recommended by manufacturer for interior and exterior applications. 
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2.5 FABRICATION 

A. General: Fabricate railings 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. Shop assemble railings 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 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. Fabricate connections that are exposed to weather in a manner that excludes water. Provide 
weep holes where water may accumulate. 

F. Cut, reinforce, drill, and tap as indicated to receive finish hardware, screws, and similar items. 

G. Connections: Fabricate railings with welded connections unless otherwise indicated. 

H. Welded Connections: Cope components at connections to provide close fit, or use fittings 
designed for this purpose. Weld all around at connections, including at fittings. 

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. 
4. At exposed connections, finish exposed surfaces smooth and blended so no roughness 

shows after finishing and welded surface matches contours of adjoining surfaces. 

I. Form Changes in Direction as Follows: 

1. As detailed. 

J. For changes in direction made by bending, use 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. 

K. Close exposed ends of railing members with prefabricated end fittings. 

L. Provide wall returns at ends of wall-mounted handrails unless otherwise indicated. Close ends 
of returns. 

M. Brackets, Flanges, Fittings, and Anchors: Provide stainless-steel wall brackets, flanges, 
miscellaneous fittings, and anchors to interconnect railing members to other work unless 
otherwise indicated. 
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1. Concealed Anchorage Brackets (Cast Type): 

a. Basis-of-Design Product: Subject to compliance with requirements, provide R & B 
Wagner, Inc.; Handrail Bracket 1729-2, or comparable product. 

1) Description: Cast round saddle with tapped mounting hole, brushed satin 
finish, Type 304. 

a) Secure handrail to bracket with countersunk, tamper-resistant screws. 

2. Concealed Anchorage Brackets (Assembled Type): 

a. Basis-of-Design Product: Subject to compliance with requirements, provide R & B 
Wagner, Inc.; Handrail Bracket RB34125.4, or comparable product. 

1) Description: Round saddle with tapped mounting hole, high luster finish, 
Type 316L. 

a) Secure handrail to bracket with countersunk, tamper-resistant screws. 

3. Exposed Anchorage Brackets: 

a. Basis-of-Design Product: Subject to compliance with requirements, provide R & B 
Wagner, Inc.; Traditional Wall Mount Cast Bracket 1815, or comparable product. 

1) Description: Round saddle with one mounting hole, high luster finish, Type 
316L. 

a) Fully weld connection between handrail bracket and handrail in shop 
prior to erection in field. 

4. Flanges: 

a. Basis-of-Design Product: Subject to compliance with requirements, provide R & B 
Wagner, Inc.; Heavy Base Flange 1537T, or comparable product. 

1) Description: Flange for level surface, high luster finish, Type 316L. 

a) Secure base flange to vertical post with set screw. 

b. Basis-of-Design Product: Subject to compliance with requirements, provide R & B 
Wagner, Inc.; Heavy Flush Base Flange 2606T, or comparable product. 

1) Description: Flange for level surface modified for angle, high luster finish, 
Type 316L. 

a) Secure beveled base flange to substrate at angled post with 
construction adhesive. 
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N. Provide inserts and other anchorage devices for connecting railings to concrete or masonry 
work. Fabricate anchorage devices capable of withstanding loads imposed by railings. 
Coordinate anchorage devices with supporting structure. 

O. For railing posts set in concrete, provide stainless-steel sleeves not less than 6 inches long with 
inside dimensions not less than 1/2 inch greater than outside dimensions of post, with metal 
plate forming bottom closure. 

2.6 STAINLESS-STEEL FINISHES 

A. Comply with NAAMM’s “Metal Finishes Manual for Architectural and Metal Products” for 
recommendations for applying and designating finishes. 

B. Remove tool and die marks and stretch lines, or blend into finish. 

C. Grind and polish surfaces to produce uniform, directionally textured, polished finish indicated, 
free of cross scratches. Run grain with long dimension of each piece. 

D. Stainless Steel Tubing Finishes: 

1. 180-Grit Polished Finish: Uniform, directionally textured finish. 

E. Stainless Steel Sheet and Plate Finishes: 

1. Directional Satin Finish: ASTM A 489/A 480, No. 4. 

F. Passivating: When polishing is completed, passivate all surfaces, including areas sensitive to 
corrosion, including welded areas and adjacent heat-affected zones, perforated surfaces, etc. 
Follow passivating procedure established by standard industry best practices to thoroughly 
remove embedded foreign matter and leave surfaces chemically clean. Rinse thoroughly. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine plaster and gypsum board assemblies, where reinforced to receive anchors, to verify 
that locations of concealed reinforcements are clearly marked for Installer. Locate 
reinforcements and mark locations if not already done. 

B. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 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. 
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1. Do not weld, cut, or abrade surfaces of railing components that are coated or finished 
after fabrication and that are intended for field connection by mechanical or other means 
without further cutting or fitting. 

2. Set posts plumb within a tolerance of 1/16 inch in 3 feet. 

3. 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. 

C. Control of Corrosion: Prevent galvanic action and other forms of corrosion by insulating metals 
and other materials from direct contact with incompatible materials. 

D. Adjust 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. 

3.3 RAILING CONNECTIONS 

A. Welded Connections: Use fully welded joints for permanently connecting railing components, 
unless otherwise indicated. Comply with requirements for welded connections in "Fabrication" 
Article whether welding is performed in the shop or in the field. 

3.4 ANCHORING POSTS 

A. Use stainless-steel sleeves preset and anchored into concrete for installing posts. After posts are 
inserted into sleeves, fill annular space between post and sleeve with nonshrink, nonmetallic 
grout, mixed and placed to comply with anchoring material manufacturer's written instructions, 
in two applications. 

B. Form or core-drill holes not less than 6 inches deep and 1/2 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, in two applications. Cover anchorage 
joint with stainless steel flange,   

C. Leave anchorage joint exposed with anchoring material flush with adjacent surface. 

D. Anchor posts to metal surfaces with oval flanges, angle type, or floor type as required by 
conditions, connected to posts and to metal supporting members as indicated. 

3.5 ATTACHING RAILINGS 

A. Return railing ends at walls to within 1/2 inch of wall; provide fully-welded end closure of 
railings, ground smooth. 

B. Return railing ends to posts; fully welded to posts, ground smooth. 
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C. Attach railings to wall with wall brackets. Provide brackets with minimum 1-1/2 inch clearance 
from inside face of handrail and finished wall surface. 

1. Locate brackets as indicated or, if not indicated, at spacing required to support structural 
loads. 

3.6 ADJUSTING AND CLEANING 

A. Clean stainless steel by washing thoroughly with clean water and soap and rinsing with clean 
water and wiping dry. 

3.7 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 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 05 52 13 



Tetra Tech ROOFING ROUGH CARPENTRY 
Architects & Engineers Project No. 203778-21001 06 10 26 / Page 1 

SECTION 06 10 26 - ROOFING ROUGH CARPENTRY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: Wood-preservative-treated materials. 

1.3 DEFINITIONS 

A. Dimension Lumber: Lumber of 2 inches nominal size or greater but less than 5 inches nominal 
size in least dimension. 

1.4 SUBMITTALS, GENERAL 

A. General: Submit all action submittals required by this Section concurrently. 

1.5 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. For products 
receiving a waterborne treatment, include statement that moisture content of treated materials 
was reduced to levels specified before shipment to Project site. 

1. Wood-Preservative-Treated Materials: 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 and net amount of 
preservative retained. 

2. Fasteners. 

3. Adhesives. 

4. Isolation barrier membrane. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Stack wood products flat with spacers beneath and between each bundle to provide air 
circulation. Protect wood products from weather by covering with waterproof sheeting, securely 
anchored. Provide for air circulation around stacks and under coverings. 

06 10 26 
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PART 2 - PRODUCTS 

2.1 WOOD PRODUCTS, GENERAL 

A. Lumber: DOC PS 20 and applicable rules of grading agencies indicated. If no grading agency is 
indicated, comply with the applicable rules of any rules-writing agency certified by the ALSC 
Board of Review. Grade lumber by an agency certified by the ALSC Board of Review to 
inspect and grade lumber under the rules indicated. 

1. Factory mark each piece of lumber with grade stamp of grading agency. 
2. Dress lumber, S4S, unless otherwise indicated. 

B. Maximum Moisture Content of Lumber:  19 percent unless otherwise indicated. 

C. Plywood: DOC PS 1, Exterior A-C, unless otherwise indicated. 

2.2 WOOD-PRESERVATIVE-TREATED MATERIALS 

A. Preservative Treatment by Pressure Process: AWPA U1; Use Category UC3b. 

1. Preservative Chemicals: Acceptable to authorities having jurisdiction and containing no 
arsenic or chromium. 

B. Kiln-dry lumber after treatment to a maximum moisture content of 19 percent. Do not use 
material that is warped or that does not comply with requirements for untreated material. 

C. Mark lumber with treatment quality mark of an inspection agency approved by the ALSC Board 
of Review. 

D. Mark plywood with appropriate classification marking of an inspection agency acceptable to 
authorities having jurisdiction. 

E. Application: Treat items indicated on Drawings, and the following: 

1. Wood nailers, curbs, equipment support bases, blocking, and similar members in 
connection with roofing. 

2.3 FASTENERS 

A. General: Fasteners shall be of size and type indicated and shall comply with requirements 
specified in this article for material and manufacture. 

1. Provide fasteners of Type 304 stainless steel. 

B. Wood Screws for Attachment of Roof Blocking:  Screws complying with ASME B18.6.1. 
Series 300 stainless steel, non-magnetic, torx or square drive, #10, length as required to provide 
minimum embedment of 1-1/2-inches into substrate. 
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C. Screws for Attachment to Metal Deck: Self drilling screws complying with ASME B18.6.1. 
Series 300 stainless steel, non-magnetic, torx or square drive, #10, 2-1/2-inch length (unless 
otherwise noted). 

D. Screws for Attachment to Steel Angles or Framing: Self drilling screws complying with ASME 
B18.6.1. Series 300 stainless steel, non-magnetic, #12, 2-1/2-inch length minimum (unless 
otherwise noted). 

1. With Winged Reamers: Wings designed to break off at contact with steel. 

E. Lag Bolts:  ASME B18.2.1. 

F. Bolts:  Steel bolts complying with ASTM A 307, Grade A; with ASTM A 563 hex nuts and, 
where indicated, flat washers. 

G. Expansion Anchors:  Anchor bolt and sleeve assembly of material indicated below with 
capability to sustain, without failure, a load equal to 6 times the load imposed when installed in 
unit masonry assemblies and equal to 4 times the load imposed when installed in concrete as 
determined by testing per ASTM E 488 conducted by a qualified independent testing and 
inspecting agency. Anchor expands by tightening or hammering a pin after insertion into pre-
drilled hole. 

1. Material: Stainless steel with bolts and nuts complying with ASTM F593 and 
ASTM F594, Alloy Group 1 or 2. 

2.4 MISCELLANEOUS MATERIALS 

A. Adhesives: Low odor, low VOC (less than 2 percent by weight), high-strength polyurethane 
formulation complying with ASTM D3498 that is approved for use indicated by adhesive 
manufacturer. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Henkel 
Corporation; Loctite PL Premium Fast Grab, or a comparable product. 

B. Isolation Barrier Membrane: 40-mil-thick, self-adhering sheet consisting of rubberized asphalt 
laminated to a cross-laminated polyethylene film with release liner on adhesive side. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Carlisle 
Coatings & Waterproofing, Incorporated; CCW-705, or comparable product. 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

B. Set roofing rough carpentry to required levels and lines, with members plumb, true to line, cut, 
and fitted. Fit roofing rough carpentry accurately to other construction. Locate  nailers, 
blocking, and similar supports to comply with requirements for attaching other construction. 
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C. Sort and select lumber so that natural characteristics do not interfere with installation or with 
fastening other materials to lumber. Do not use materials with defects that interfere with 
function of member or pieces that are too small to use with minimum number of joints or 
optimum joint arrangement. 

D. Comply with AWPA M4 for applying field treatment to cut surfaces of preservative-treated 
lumber. 

E. Where wood-preservative-treated lumber is installed adjacent to metal decking, install 
continuous isolation barrier membrane between wood and metal decking. 

3.2 INSTALLATION OF WOOD BLOCKING, NAILERS AND PLYWOOD 

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. 

1. Provide 1/4-inch vent space between each length of blocking. 

B. Attach items to substrates to support applied loading. Recess bolts and nuts flush with surfaces 
unless otherwise indicated. 

C. Securely attach carpentry work to substrate by anchoring and fastening as indicated, complying 
with recommendations of FM Global Loss Prevention Data Sheet 1-49 and the following: 

1. Anchor bottom blocking to steel angles with minimum 3/8-inch stainless steel bolts with 
washers, at maximum 24 inches on center, or self-drilling screws in two rows, spaced not 
more than 24 inches on center and 6 inches from ends of blocking lengths. 

2. At locations where bottom blocking is to be attached directly to metal decking, provide 
isolation barrier membrane between deck and blocking, install wrinkle free. Apply primer 
if required by membrane manufacturer. Use primer rather than nails for installing 
membrane at low temperatures, overlap edges not less than 3-1/2 inches, roll laps with 
roller, cover membrane within 14 days. Attach bottom blocking with stainless steel self-
drilling screws, penetrating metal decking at least 1 inch in two rows, spaced not more 
than 24 inches on center and 6 inches from ends of blocking lengths. 

3. Attach subsequent blocking to bottom blocking with stainless steel screws, penetrating at 
least 1-1/4 inches in two rows, spaced not more than 24 inches on center and 6 inches 
from ends of blocking lengths. 

4. Attach plywood to substrate with stainless steel screws spaced at 12 inches on center 
maximum. Where more than one layer of plywood is being attached, attach subsequent 
plywood to base layer of plywood/substrate with polyurethane construction adhesive 
beads spaced at 6 inches on center maximum and stainless-steel screws, penetrating at 
least 3/4 inch in two rows, spaced not more than 12 inches on center and within 4 inches 
from end of panel lengths. 



Tetra Tech ROOFING ROUGH CARPENTRY 
Architects & Engineers Project No. 203778-21001 06 10 26 / Page 5 

5. At outside building corners, locate fasteners at 12 inches on center and 6 inches from 
corner, unless closer spacing is required to meet minimum 100 lb per fastener withdrawal 
force in any direction, or to comply with FM 1-49 recommendations. 

END OF SECTION 06 10 26 
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SECTION 06 16 00 - SHEATHING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Soffit sheathing. 
2. Sheathing joint and penetration treatment. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals required by this Section concurrently. 

1.4 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. For products 
receiving waterborne treatment, include statement that moisture content of treated materials was 
reduced to levels specified before shipment to Project site. 

B. As-Specified Data: If the product to be incorporated into Project is as specified by manufacturer 
name and product designation in Part 2 of this Specification Section, submit the “As-Specified 
Verification Form” (attached to Division 01 Section “Submittal Procedures”) for item listed 
below, otherwise submit full Product Data for the following: 

1. Glass-mat gypsum wall sheathing. 

C. Sustainable Design Submittals: 

1. Product Data:  For installation adhesives, indicating VOC content. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications: For testing agency providing classification marking for fire-
retardant-treated material, an inspection agency acceptable to authorities having jurisdiction that 
periodically performs inspections to verify that the material bearing the classification marking is 
representative of the material tested. 

06 16 00 
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1.6 DELIVERY, STORAGE, AND HANDLING 

A. Stack panels flat with spacers beneath and between each bundle to provide air circulation. 
Protect sheathing from weather by covering with waterproof sheeting, securely anchored. 
Provide for air circulation around stacks and under coverings. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Fire-Resistance Ratings: As tested according to ASTM E119; testing by a qualified testing 
agency. Identify products with appropriate markings of applicable testing agency. 

1. Fire-Resistance Ratings: Indicated by design designations from UL's "Fire Resistance 
Directory" or from the listings of another qualified testing agency. 

B. Air-Barrier Performance: Where sheathing is used as an air-barrier, sheathing assembly, and 
seals with adjacent construction, shall be capable of performing as a continuous air barrier. Air-
barrier assemblies shall be capable of accommodating substrate movement and of sealing 
substrate expansion and control joints, construction material changes, penetrations, tie-ins to 
other installed materials, and transitions at perimeter conditions without deterioration and air 
leakage exceeding Code limits. 

2.2 SOFFIT SHEATHING 

A. Glass-Mat Gypsum Sheathing: ASTM C1177/C1177M. 

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 Gypsum, Saint-Gobain; GlassRoc Sheathing Type X.  
b. Georgia-Pacific Gypsum, LLC; DensGlass Fireguard Sheathing. 
c. USG Corporation; USG Securock Brand Glass-Mat Sheathing Firecode X. 

2. Type and Thickness: Type X, 5/8 inch thick. 

2.3 FASTENERS 

A. General: Provide fasteners of size and type indicated that comply with requirements specified in 
this article for material and manufacture. 

1. For soffit sheathing, provide fasteners of Type 304 stainless steel. 

B. Nails, Brads, and Staples: ASTM F1667. 
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C. Screws for Fastening Gypsum Sheathing to Cold-Formed Metal Framing: Steel drill screws, in 
length recommended by sheathing manufacturer for thickness of sheathing to be attached. 

1. For steel framing less than 0.0329 inch thick, use screws that comply with ASTM C1002. 
2. For steel framing from 0.033 to 0.112 inch thick, use screws that comply with 

ASTM C954. 

2.4 SHEATHING JOINT-AND-PENETRATION TREATMENT MATERIALS 

A. Sealant for Glass-Mat Gypsum Sheathing: Silicone emulsion sealant complying with 
ASTM C834, compatible with sheathing tape and sheathing and recommended by tape and 
sheathing manufacturers for use with glass-fiber sheathing tape and for covering exposed 
fasteners. 

1. Sheathing Tape: Self-adhering glass-fiber tape, minimum 2 inches wide, 10 by 10 or 10 
by 20 threads/inch, of type recommended by sheathing and tape manufacturers for use 
with silicone emulsion sealant in sealing joints in glass-mat gypsum sheathing and with a 
history of successful in-service use. 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

B. Do not use materials with defects that impair quality of sheathing or pieces that are too small to 
use with minimum number of joints or optimum joint arrangement. Arrange joints so that pieces 
do not span between fewer than three support members. 

C. Cut panels at penetrations, edges, and other obstructions of work; fit tightly against abutting 
construction unless otherwise indicated. 

D. Securely attach to substrate by fastening as indicated, complying with the following: 

1. Table 2304.10.1, "Fastening Schedule," in the New York State Building Code. 
2. ICC-ES evaluation report for fastener. 

E. Coordinate sheathing installation with flashing and joint-sealant installation so these materials 
are installed in sequence and manner that prevent exterior moisture from passing through 
completed assembly. 

F. Do not bridge building expansion joints; cut and space edges of panels to match spacing of 
structural support elements. 

G. Coordinate sheathing installation with installation of materials installed over sheathing so 
sheathing is not exposed to precipitation or left exposed at end of the workday when rain is 
forecast. 



SHEATHING  Tetra Tech 

06 16 00 / Page 4 Project No. 203778-21001 Architects & Engineers 

3.2 GYPSUM SHEATHING INSTALLATION 

A. Comply with GA-253 and with manufacturer's written instructions. 

1. Fasten gypsum sheathing to cold-formed metal framing with screws. 
2. Install panels with a 3/8-inch gap where non-load-bearing construction abuts structural 

elements. 
3. Install panels with a 1/4-inch gap where they abut masonry or similar materials that might 

retain moisture, to prevent wicking. 

B. Apply fasteners so heads bear tightly against face of sheathing, but do not cut into facing. 

C. Vertical Installation: Install vertical edges centered over studs. Abut ends and edges with those 
of adjacent panels. Attach at perimeter and within field of panel to each stud. 

1. Space fasteners approximately 8 inches o.c. and set back a minimum of 3/8 inch from 
edges and ends of panels. 

D. Seal sheathing joints according to sheathing manufacturer's written instructions. 

1. Apply glass-fiber sheathing tape to glass-mat gypsum sheathing joints and apply and 
trowel sealant to embed entire face of tape in sealant. Apply sealant to exposed fasteners 
with a trowel so fasteners are completely covered. Seal other penetrations and openings. 

3.3 FIELD QUALITY CONTROL 

A. Testing and Inspecting Agency: Owner may engage a qualified testing agency to perform tests 
and inspections. 

B. Inspections: Air-barrier and water-resistant glass-mat gypsum sheathing, accessories, and 
installation are subject to inspection for compliance with requirements. Inspections may 
include, but not be limited to, the following: 

1. Continuity of air-barrier system has been achieved throughout the building envelope with 
no gaps or holes. 

2. Compatible materials have been used. 
3. All penetrations have been sealed. 

C. Tests: As determined by testing agency.  

D. Air barriers will be considered defective if they do not pass tests and inspections. 

E. Correct damage to air barriers caused by testing; follow manufacturer's written instructions. 

END OF SECTION 06 16 00 
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SECTION 07 21 00 - THERMAL INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Glass-fiber blanket. 
2. Insulation for miscellaneous voids. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals and informational submittals required by this Section 
concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Adhesive for bonding insulation. 

B. As-Specified Data: If the product to be incorporated into Project is as specified by manufacturer 
name and product designation in Part 2 of this Specification Section, submit the “As-Specified 
Verification Form” (attached to Division 01 Section “Submittal Procedures”) for each item 
listed below, otherwise submit full Product Data for the following: 

1. Glass-fiber blanket, unfaced. 
2. Insulation for miscellaneous voids. 

C. Sustainable Design Submittals: 

1. Product Data: For adhesives, indicating VOC content. 

1.5 QUALITY ASSURANCE 

A. Identification: Identify product R-values with manufacturer’s markings, or certification, in 
accordance with requirements of building Code in effect for the Project. 

07 21 00 
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1.6 DELIVERY, STORAGE, AND HANDLING 

A. Protect insulation materials from physical damage and from deterioration due to moisture, 
soiling, and other sources. Store inside and in a dry location. Comply with manufacturer's 
written instructions for handling, storing, and protecting during installation. 

PART 2 - PRODUCTS 

2.1 GLASS-FIBER BLANKET 

A. Glass-Fiber Blanket, Unfaced: ASTM C 665, Type I; with maximum flame-spread and smoke-
developed indexes of 25 and 50, respectively, per ASTM E 84; passing ASTM E 136 for 
combustion characteristics. 

1. Products: Subject to compliance with requirements, available products that may be 
incorporated in the Work, include, but are not limited to: 

a. CertainTeed Corporation; Sustainable Insulation Fiber Glass Building. 
b. Owens Corning; EcoTouch Pink Fiberglas Insulation. 

2.2 ACCESSORIES 

A. Insulation for Miscellaneous Voids: 

1. Spray Polyurethane Foam Insulation for Miscellaneous Voids: ASTM C 1029, Type II, 
closed cell, minimum density of 1.75 lb/cu. ft. and minimum aged R-value at 1-inch 
thickness of 6.0 deg F x h x sq. ft./Btu at 75 deg F, with maximum flame-spread and 
smoke-developed indexes of 25 and 400, respectively, per ASTM E 84. 

a. Basis-of-Design Product: Subject to compliance with requirements, provide 
DuPont; Froth-Pak Foam Insulation, or comparable product. 

B. Adhesive for Bonding Insulation: Product compatible with insulation and air and water barrier 
materials, and with demonstrated capability to bond insulation securely to substrates without 
damaging insulation and substrates. 

1. Adhesives shall have a VOC content of 70 g/L or less. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for conditions affecting performance of the Work. 

B. Clean substrates of substances that are harmful to insulation, including removing projections 
capable of puncturing insulation, or that interfere with insulation attachment. 
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C. Proceed with installation only after unsatisfactory conditions have been corrected. 

D. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

E. Installation Inspection 

1. Prior to closing up walls and soffits at areas of thermal insulation installation, notify 
Architect and Construction Manager at least one week in advance to schedule an on-site 
inspection of insulation installation. 

3.2 INSTALLATION, GENERAL 

A. Comply with insulation manufacturer's written instructions applicable to products and 
applications. 

B. Install insulation that is undamaged, dry, and unsoiled and that has not been left exposed to ice, 
rain, or snow at any time. 

C. Extend insulation to envelop entire area to be insulated. Fit tightly around obstructions and fill 
voids with insulation. Remove projections that interfere with placement. 

D. Provide sizes to fit applications and selected from manufacturer's standard thicknesses, widths, 
and lengths. Apply single layer of insulation units unless multiple layers are otherwise shown or 
required to make up total thickness or to achieve R-value. 

E. Install insulation so that manufacturer’s R-value mark is readily observable, in accordance with 
requirements of building Code in effect for the Project.  

3.3 INSTALLATION OF INSULATION IN FRAMED CONSTRUCTION 

A. Blanket Insulation: Install in cavities formed by framing members according to the following 
requirements: 

1. Use insulation widths and lengths that fill the cavities formed by framing members. If 
more than one length is required to fill the cavities, provide lengths that will produce a 
snug fit between ends. 

2. Place insulation in cavities formed by framing members to produce a friction fit between 
edges of insulation and adjoining framing members. 

3. Maintain 3-inch clearance of insulation around recessed lighting fixtures not rated for or 
protected from contact with insulation. 

4. For metal-framed wall cavities where cavity heights exceed 96 inches, support unfaced 
blankets mechanically and support faced blankets by taping flanges of insulation to 
flanges of metal studs. 



THERMAL INSULATION  Tetra Tech 

07 21 00 / Page 4 Project No. 203778-21001 Architects & Engineers 

B. Miscellaneous Voids: Install insulation in miscellaneous voids and cavity spaces where required 
to prevent gaps in insulation using the following materials: 

1. Spray Polyurethane Insulation for Miscellaneous Voids: Apply according to 
manufacturer's written instructions. 

3.4 PROTECTION 

A. Protect installed insulation from damage due to harmful weather exposures, physical abuse, and 
other causes. Provide temporary coverings or enclosures where insulation is subject to abuse 
and cannot be concealed and protected by permanent construction immediately after 
installation. 

END OF SECTION 07 21 00 
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SECTION 07 42 93 –SOFFIT PANELS  

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: Metal soffit panels. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals required by this Section concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. Include construction details, material 
descriptions, dimensions of individual components and profiles, and finishes for each type of 
panel and accessory. 

1. Miscellaneous metal subframing and furring. 
2. Panel accessories. 
3. Flashing and trim. 
4. Panel fasteners. 

B. As-Specified Data: If the product to be incorporated into Project is as specified by manufacturer 
name and product designation in Part 2 of this Specification Section, submit the “As-Specified 
Verification Form” (attached to Division 01 Section “Submittal Procedures”) for each item 
listed below, otherwise submit full Product Data for the following: 

1. Flush-profile metal soffit panels. 

C. Shop Drawings: 

1. Include fabrication and installation layouts of metal panels; details of edge conditions, 
joints, panel profiles, corners, anchorages, attachment system, trim, flashings, closures, 
and accessories; and special details. 

2. Accessories: Include details of flashing, trim, and anchorage systems, at a scale of not 
less than 1-1/2 inches per 12 inches. 

D. Samples: For each type of metal panel indicated with factory-applied color finishes. 

1. Include similar Samples of trim and accessories involving color selection. 

07 42 93 
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E. Sample Warranties: For special warranties. 

1.5 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For metal panels to include in maintenance manuals. 
B. Executed Warranties: For special warranties. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications: An entity that employs installers and supervisors who are trained and 
approved by manufacturer. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Deliver components, metal panels, and other manufactured items so as not to be damaged or 
deformed. Package metal panels for protection during transportation and handling. 

B. Unload, store, and erect metal panels in a manner to prevent bending, warping, twisting, and 
surface damage. 

C. Stack metal panels horizontally on platforms or pallets, covered with suitable weathertight and 
ventilated covering. Store metal panels to ensure dryness, with positive slope for drainage of 
water. Do not store metal panels in contact with other materials that might cause staining, 
denting, or other surface damage. 

D. Retain strippable protective covering on metal panels during installation. 

1.8 FIELD CONDITIONS 

A. Weather Limitations: Proceed with installation only when existing and forecasted weather 
conditions permit assembly of metal panels to be performed according to manufacturers' written 
instructions and warranty requirements. 

1.9 COORDINATION 

A. Coordinate metal panel installation with rain drainage work, flashing, trim, construction of 
walls, and other adjoining work to provide a leakproof, secure, and noncorrosive installation. 

1.10 WARRANTY 

A. Special Installer’s Warranty: Installer’s warranty in which Installer agrees to correct or replace 
components of metal panel systems that fail in materials or workmanship within specified 
warranty period. 
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1. Failures include, but are not limited to, the following: 

a. Structural failures including rupturing, cracking, or puncturing. 
b. Deterioration of metals and other materials beyond normal weathering. 

2. Warranty Period: Two years from date of Substantial Completion. 

B. Special Warranty on Panel Finishes: Manufacturer's standard form in which manufacturer 
agrees to restore finish or replace metal panels that show evidence of deterioration of factory-
applied finishes within specified warranty period. 

1. Exposed Panel Finish: Deterioration includes, but is not limited to, the following: 

a. Color fading more than 5 Delta E units when tested according to ASTM D2244. 
b. Chalking in excess of a No. 8 rating when tested according to ASTM D4214. 
c. Cracking, checking, peeling, or failure of paint to adhere to bare metal. 

2. Finish Warranty Period: 20 years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Structural Performance: Provide metal panel systems capable of withstanding the effects of the 
following loads, based on testing according to ASTM E1592: 

1. Wind Loads: As indicated on Drawings. 
2. Other Design Loads: As indicated on Drawings. 
3. Deflection Limits: For wind loads, no greater than 1/180 of the span. 

B. Air Infiltration: Air leakage of not more than 0.06 cfm/sq. ft. when tested according to 
ASTM E283 at the following test-pressure difference: 

1. Test-Pressure Difference:  6.24 lbf/sq. ft. 

C. Water Penetration under Static Pressure: No water penetration when tested according to 
ASTM E331 at the following test-pressure difference: 

1. Test-Pressure Difference:  6.24 lbf/sq. ft. 

D. Thermal Movements: Allow for thermal movements from ambient and surface temperature 
changes by preventing buckling, opening of joints, overstressing of components, failure of joint 
sealants, failure of connections, and other detrimental effects. Base calculations on surface 
temperatures of materials due to both solar heat gain and nighttime-sky heat loss. 

1. Temperature Change (Range): 120 deg F, ambient; 180 deg F, material surfaces. 
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2.2 METAL SOFFIT PANELS 

A. Provide factory-formed metal soffit panels designed to be field assembled by lapping and 
interconnecting side edges of adjacent panels and mechanically attaching through panel to 
supports using concealed fasteners in side laps. Include accessories required for weathertight 
installation. 

B. Flush-Profile Metal Soffit Panels: Solid panels formed with vertical panel edges and 
intermediate stiffening ribs symmetrically spaced between panel edges; with flush joint between 
panels. 

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. Fabral; Décor Flush II. 
b. Firestone Building Products Company, LLC; Una-Clad UC-500 Flush Panel 

Systems. 
c. Petersen Aluminum Corporation; Pac-Clad Flush panels. 

2. Aluminum Sheet: Coil-coated sheet, ASTM B209, alloy as standard with manufacturer, 
with temper as required to suit forming operations and structural performance required. 

a. Thickness: 0.040 inch. 
b. Surface: Smooth, flat finish. 
c. Exterior Finish: Two-coat fluoropolymer. 
d. Color: As selected by Architect from manufacturer's full range. 

3. Panel Coverage:  12 inches. 

4. Panel Height:  1.0 inch. 

2.3 MISCELLANEOUS MATERIALS 

A. Miscellaneous Metal Subframing and Furring: ASTM C645, cold-formed, metallic-coated steel 
sheet, ASTM A653/A653M, G90 coating designation or ASTM A792/A792M, Class AZ50 
aluminum-zinc-alloy coating designation unless otherwise indicated. Provide manufacturer's 
standard sections as required for support and alignment of metal panel system. 

B. Panel Accessories: Provide components required for a complete, weathertight panel system 
including trim, clips, flashings, sealants, gaskets, fillers, closure strips, and similar items. Match 
material and finish of metal panels unless otherwise indicated. 

C. Flashing and Trim: Provide flashing and trim formed from same material as metal panels as 
required to seal against weather and to provide finished appearance. Finish flashing and trim 
with same finish system as adjacent metal panels. 

D. Panel Fasteners: Concealed self-tapping screws designed to withstand design loads. Provide 
EPDM or PVC sealing washers. 
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E. Panel Sealants: Provide sealant types recommended by manufacturer that are compatible with 
panel materials, are nonstaining, and do not damage panel finish. 

1. Sealant Tape: Pressure-sensitive, 100 percent solids, gray polyisobutylene compound 
sealant tape with release-paper backing. Provide permanently elastic, nonsag, nontoxic, 
nonstaining tape 1/2 inch wide and 1/8 inch thick. 

2. Joint Sealant: ASTM C920; elastomeric polyurethane or silicone sealant; of type, grade, 
class, and use classifications required to seal joints in metal panels and remain 
weathertight; and as recommended in writing by metal panel manufacturer. 

3. Butyl-Rubber-Based, Solvent-Release Sealant: ASTM C1311. 

2.4 FABRICATION 

A. Fabricate and finish metal panels and accessories at the factory, by manufacturer's standard 
procedures and processes, as necessary to fulfill indicated performance requirements 
demonstrated by laboratory testing. Comply with indicated profiles and with dimensional and 
structural requirements. 

B. Provide panel profile, including major ribs and intermediate stiffening ribs, if any, for full 
length of panel. 

C. Sheet Metal Flashing and Trim: Fabricate flashing and trim to comply with manufacturer's 
recommendations and recommendations in SMACNA's "Architectural Sheet Metal Manual" 
that apply to design, dimensions, metal, and other characteristics of item indicated. 

1. Form exposed sheet metal accessories that are without excessive oil canning, buckling, 
and tool marks and that are true to line and levels indicated, with exposed edges folded 
back to form hems. 

2. Seams for Aluminum: Fabricate nonmoving seams with flat-lock seams. Form seams and 
seal with epoxy seam sealer. Rivet joints for additional strength. 

3. Sealed Joints: Form nonexpansion, but movable, joints in metal to accommodate sealant 
and to comply with SMACNA standards. 

4. Conceal fasteners and expansion provisions where possible. Exposed fasteners are not 
allowed on faces of accessories exposed to view. 

5. Fabricate cleats and attachment devices from same material as accessory being anchored 
or from compatible, noncorrosive metal recommended in writing by metal panel 
manufacturer. 

a. Size: As recommended by SMACNA's "Architectural Sheet Metal Manual" or 
metal soffit panel manufacturer for application but not less than thickness of metal 
being secured. 
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2.5 FINISHES 

A. Protect mechanical and painted finishes on exposed surfaces from damage by applying a 
strippable, temporary protective covering before shipping. 

B. 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. 

C. Aluminum Panels and Accessories: 

1. Two-Coat Fluoropolymer: AAMA 2605. Fluoropolymer finish containing not less than 
70 percent polyvinylidene fluoride (PVDF) resin by weight in color coat. Prepare, 
pretreat, and apply coating to exposed metal surfaces to comply with coating and resin 
manufacturers' written instructions. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances, metal panel supports, and other conditions affecting 
performance of the Work. 

1. Examine framing to verify that girts, angles, channels, studs, and other structural panel 
support members and anchorage have been installed within alignment tolerances required 
by metal panel manufacturer. 

2. Examine sheathing to verify that sheathing joints are supported by framing or blocking 
and that installation is within flatness tolerances required by metal panel manufacturer. 

a. Verify that air- or water-resistive barriers been installed over sheathing or backing 
substrate to prevent air infiltration or water penetration. 

B. Examine roughing-in for components and systems penetrating metal panels to verify actual 
locations of penetrations relative to seam locations of metal panels before installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

D. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 PREPARATION 

A. Miscellaneous Supports: Install subframing, furring, and other miscellaneous panel support 
members and anchorages according to ASTM C754 and metal panel manufacturer's written 
recommendations. 
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1. Soffit Framing: Wire tie or clip furring channels to supports, as required to comply with 
requirements for assemblies indicated. 

3.3 INSTALLATION 

A. Install metal panels according to manufacturer's written instructions in orientation, sizes, and 
locations indicated. Install panels perpendicular to supports unless otherwise indicated. Anchor 
metal panels and other components of the Work securely in place, with provisions for thermal 
and structural movement. 

1. Shim or otherwise plumb substrates receiving metal panels. 

2. Flash and seal metal panels at perimeter of all openings. Fasten with self-tapping screws. 
Do not begin installation until air- or water-resistive barriers and flashings that will be 
concealed by metal panels are installed. 

3. Install screw fasteners in predrilled holes. 

4. Locate and space fastenings in uniform vertical and horizontal alignment. 

5. Install flashing and trim as metal panel work proceeds. 

6. Locate panel splices over, but not attached to, structural supports. Stagger panel splices 
and end laps to avoid a four-panel lap splice condition. 

7. Provide weathertight escutcheons for items penetrating panels. 

B. Fasteners: 

1. Aluminum Panels: Use stainless steel fasteners. 

C. Metal Protection: Where dissimilar metals contact each other or corrosive substrates, protect 
against galvanic action as recommended in writing by metal panel manufacturer. 

D. Lap-Seam Metal Panels: Fasten metal panels to supports with fasteners at each lapped joint at 
location and spacing recommended by manufacturer. 

1. Apply panels and associated items true to line for neat and weathertight enclosure. 

2. Provide metal-backed washers under heads of exposed fasteners bearing on weather side 
of metal panels. 

3. Locate and space exposed fasteners in uniform vertical and horizontal alignment. Use 
proper tools to obtain controlled uniform compression for positive seal without rupture of 
washer. 

4. Install screw fasteners with power tools having controlled torque adjusted to compress 
washer tightly without damage to washer, screw threads, or panels. Install screws in 
predrilled holes. 
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E. Watertight Installation: 

1. Apply a continuous ribbon of sealant or tape to seal lapped joints of metal panels, using 
sealant or tape as recommend by manufacturer on side laps of nesting-type panels and 
elsewhere as needed to make panels watertight. 

2. Provide sealant or tape between panels and protruding equipment, vents, and accessories. 

3. At panel splices, nest panels with minimum 6-inch end lap, sealed with sealant and 
fastened together by interlocking clamping plates. 

F. Accessory Installation: Install accessories with positive anchorage to building and weathertight 
mounting, and provide for thermal expansion. Coordinate installation with flashings and other 
components. 

1. Install components required for a complete metal panel system including trim, corners, 
seam covers, flashings, sealants, gaskets, fillers, closure strips, and similar items. Provide 
types indicated by metal panel manufacturer; or, if not indicated, provide types 
recommended by metal panel manufacturer. 

G. Flashing and Trim: Comply with performance requirements, manufacturer's written installation 
instructions, and SMACNA's "Architectural Sheet Metal Manual." Provide concealed fasteners 
where possible, and set units true to line and level as indicated. Install work with laps, joints, 
and seams that are permanently watertight. 

1. Install exposed flashing and trim that is without buckling, and tool marks, and that is true 
to line and levels indicated, with exposed edges folded back to form hems. Install sheet 
metal flashing and trim to fit substrates and to achieve waterproof performance. 

2. Expansion Provisions: Provide for thermal expansion of exposed flashing and trim. Space 
movement joints at a maximum of 10 feet with no joints allowed within 24 inches of 
corner or intersection. Where lapped expansion provisions cannot be used or would not 
be waterproof, form expansion joints of intermeshing hooked flanges, not less than 1 inch 
deep, filled with mastic sealant (concealed within joints). 

3.4 CLEANING AND PROTECTION 

A. Remove temporary protective coverings and strippable films, if any, as metal panels are 
installed unless otherwise indicated in manufacturer's written installation instructions. On 
completion of metal panel installation, clean finished surfaces as recommended by metal panel 
manufacturer. Maintain in a clean condition during construction. 

B. After metal panel installation, clear weep holes and drainage channels of obstructions, dirt, and 
sealant. 

C. Replace metal panels that have been damaged or have deteriorated beyond successful 
restoration by finish touchup or similar minor restoration procedures. 

END OF SECTION 07 42 93 
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SECTION 07 53 23 - EPDM MEMBRANE 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Adhered ethylene-propylene-diene-terpolymer (EPDM) membrane system. 

1.3 DEFINITIONS 

A. Roofing Terminology: Definitions in ASTM D1079 and glossary of NRCA's "The NRCA 
Roofing Manual: Membrane Roof Systems" apply to work of this Section. 

1.4 SUBMITTALS, GENERAL 

A. General: Submit all action submittals and informational submittals (except field quality-control 
reports) required by this Section concurrently. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1. EPDM sheet. 
2. Bonding adhesive. 
3. Adhesive/primer. 
4. Miscellaneous accessories. 

B. Sustainable Design Submittals: 

1. Product Data: For applicable adhesives and sealants, indicating VOC content. 

C. Samples: For the following products: 

1. Membrane. 

D. Sample Warranties: For manufacturer's special warranties and special Project warranties. 

07 53 23 
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1.6 INFORMATIONAL SUBMITTALS 

A. Manufacturer Certificates: 

1. Performance Requirement Certificate: Signed by membrane manufacturer, identifying all 
membrane system components and certifying that roofing system complies with 
requirements specified in "Performance Requirements" Article. 

a. Submit evidence of complying with performance requirements. 

2. Special Warranty Certificate: Signed by roof membrane manufacturer, certifying that all 
materials supplied under this Section are acceptable for special warranty. 

B. Field quality-control reports. 

1.7 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For membrane system to include in maintenance manuals. 
B. Warranty: Executed special warranties and special Project warranties. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Deliver membrane materials to Project site in original containers with seals unbroken and 
labeled with manufacturer's name, product brand name and type, date of manufacture, approval 
or listing agency markings, and directions for storing and mixing with other components. 

B. Store liquid materials in their original undamaged containers in a clean, dry, protected location 
and within the temperature range required by membrane manufacturer. Protect stored liquid 
material from direct sunlight. 

1. Discard and legally dispose of liquid material that cannot be applied within its stated 
shelf life. 

2. Do not install materials that are wet or moisture damaged; remove from Project site. 

C. Weather Limitations: Proceed with installation only when existing and forecasted weather 
conditions permit membrane to be installed according to manufacturer's written instructions and 
warranty requirements. 

1.9 WARRANTY 

A. Special Warranty: Manufacturer’s total system “edge-to-edge” warranty, without monetary 
limitation, in which manufacturer agrees to repair or replace components of membrane that fail 
in materials or workmanship within specified warranty period. Pro-rated warranties are not 
acceptable. 

1. Special warranty of membrane 
2. Special warranty includes coverage for wind damage sustained up to wind speed  

requirements specified in "Performance Requirements" Article. 



Tetra Tech EPDM MEMBRANE 
Architects & Engineers Project No. 203778-21001 07 53 23 / Page 3 

3. Special warranty includes coverage for hail resistance. 
4. Warranty Period: 20 years from Date of Substantial Completion. 

B. Special Project Warranty: Submit membrane Installer's warranty, covering the Work of this 
Section, includes membrane against leaks and faulty or defective materials and workmanship, 
and to repair or replace work, without monetary limitation, for the following warranty period: 

1. Warranty Period: 2 years from Date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. General Performance: Installed membrane and coping shall withstand specified uplift pressures, 
thermally induced movement, and exposure to weather without failure due to defective 
manufacture, fabrication, installation, or other defects in construction. Membrane shall remain 
watertight. 

1. Accelerated Weathering: Membrane shall withstand 2000 hours of exposure when tested 
according to ASTM G152, ASTM G154, or ASTM G155. 

2. Impact Resistance: Membrane shall resist impact damage when tested according to 
ASTM D3746, ASTM D4272, or the Resistance to Foot Traffic Test in FM 
Approvals 4470. 

B. Material Compatibility: membrane materials shall be compatible with one another and adjacent 
materials under conditions of service and application required, as demonstrated by membrane 
manufacturer based on testing and field experience. Materials shall comply with the Building 
Code of New York State. 

2.2 MANUFACTURERS 

A. Source Limitations: Obtain components for membrane from membrane manufacturer or 
manufacturers approved by membrane manufacturer. 

2.3 ETHYLENE-PROPYLENE-DIENE-TERPOLYMER (EPDM) MEMBRANE 

A. EPDM Sheet: ASTM D4637/D4637M, Type I, nonreinforced fire-retardant EPDM sheet. 

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. Carlisle SynTec Incorporated. 
b. Firestone Building Products. 
c. Johns Manville; a Berkshire Hathaway company. 
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2. Thickness: 60 mils, nominal. 

3. Sheet Width: Maximum allowable for applicable installation. 

2.4 AUXILIARY MEMBRANE MATERIALS 

A. General: Auxiliary materials recommended by membrane manufacturer for intended use and 
compatible with other membrane components. 

1. Adhesive and Sealants: Comply with VOC limits of authorities having jurisdiction. 

2. Adhesives and sealants on the interior side of weather barrier shall comply with the 
following limits for VOC content: 

a. Plastic Foam Adhesives: 50 g/L. 
b. Panel Adhesives: 50 g/L. 
c. Multipurpose Construction Adhesives: 70 g/L. 
d. Fiberglass Adhesives: 80 g/L. 
e. Other Adhesives: 250 g/L. 
f. Single-Ply Roof Membrane Sealants: 450 g/L. 
g. Nonmembrane Roof Sealants: 300 g/L. 
h. Sealant Primers for Nonporous Substrates: 250 g/L. 
i. Sealant Primers for Porous Substrates: 775 g/L. 

B. Bonding Adhesive: Manufacturer's standard, low-VOC type. 

C. Adhesive/Primer: Manufacturer's standard, low-VOC type. 

1. Basis-of-Design Product:   Subject to compliance with requirements, provide Carlisle 
SynTec Incorporated; Cav-Grip III Low-VOC Adhesive/Primer, or comparable product. 

D. Membrane Cleaner: Manufacturer’s standard. 

E. Seaming Material:  Manufacturer's standard, synthetic-rubber polymer primer and 6-inch-wide 
minimum, butyl splice tape with release film. 

1. At Contractor’s option, seam tape may be factory-applied type. 

F. Lap Sealant: Manufacturer's standard, single-component sealant, colored to match membrane. 

G. Water Cutoff Mastic: Manufacturer's standard butyl mastic sealant. 

H. Liquid Flashing System: Manufacturer’s standard, low-VOC type, cold-applied flashing system, 
including polyurethane-based resin, fabric flashing, primer, and related materials. 

1. Basis-of-Design Product:   Subject to compliance with requirements, provide Carlisle 
SynTec Incorporated; Liquiseal Liquid Flashing, or comparable product. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements and other conditions affecting performance of the Work. 

1. Verify that minimum concrete drying period recommended by membrane manufacturer 
has passed. 

2. Verify that concrete substrate is visibly dry and free of moisture, and that minimum 
concrete internal relative humidity is not more than 75 percent, or as recommended by 
membrane manufacturer when tested according to ASTM F2170. 
 
a. Submit test reports within 24 hours of performing tests. 

3. Verify that concrete-curing compounds that will impair adhesion of membrane 
components to surface have been removed. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

C. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 PREPARATION 

A. Clean substrate of dust, debris, moisture, and other substances detrimental to membrane 
installation according to manufacturer's written instructions. Remove sharp projections. 

3.3 INSTALLATION OF MEMBRANE, GENERAL 

A. Install membrane according to manufacturer's written instructions, in compliance with 
“Performance Requirements” Article assembly requirements, and FM Global Property Loss 
Prevention Data Sheet 1-29. 

3.4 INSTALLATION OF ADHERED MEMBRANE 

A. Thoroughly clean substrate of all debris, projections, and substances detrimental to membrane 
installation, including stray projections of adhesive. 

B. Adhere membrane over area to receive membrane according to manufacturer's written 
instructions. 

C. Unroll membrane and allow to relax before installing. 

D. Accurately align membrane and maintain uniform side and end laps of minimum dimensions 
required by manufacturer. Stagger end laps. 
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E. Bonding Adhesive: Apply 100 percent coverage to substrate and underside of membrane at rate 
required by manufacturer and allow to partially dry before installing membrane. Do not apply to 
splice area of membrane. 

F. In addition to adhering, mechanically fasten membrane securely at terminations, penetrations, 
and perimeters. 

G. Apply pressure to the membrane surface in accordance with manufacturer’s instructions to 
obtain maximum contact between the membrane and substrate. 

H. Tape Seam Installation: Clean and prime both faces of splice areas, apply splice tape. 

1. Firmly roll side and end laps of overlapping membrane to ensure a watertight seam 
installation. 

2. Apply lap sealant and seal exposed edges of membrane terminations. 
3. At Contractor’s option, use manufacturer’s factory-applied seam tape installation system. 

I. Repair tears, voids, and lapped seams in membrane that do not comply with requirements. 

3.5 PROTECTING AND CLEANING 

A. Protect membrane system from damage and wear during remainder of construction period.  

B. Correct deficiencies in or remove membrane that does not comply with requirements, correct 
substrates, and correct or reinstall membrane to a condition free of damage and deterioration at 
time of Substantial Completion and according to warranty requirements. 

C. Thoroughly clean all surface areas of dust, debris, excess materials and equipment. 

D. Clean overspray and spillage from adjacent construction using cleaning agents and procedures 
recommended by manufacturer of affected construction. 

END OF SECTION 07 53 23 
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SECTION 07 71 00 - ROOF SPECIALTIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Copings. 
2. Roof-edge drainage systems. 

B. Preinstallation Conference: Conduct conference at Project site. 

1. Meet with Owner, Architect, Installer, and installers whose work interfaces with or 
affects roof specialties. 

2. Examine substrate conditions for compliance with requirements, including flatness and 
attachment to structural members. 

3. Review special roof details, roof drainage, and condition of other construction that will 
affect roof specialties. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals (except Samples for Verification) and informational 
submittals required by this Section and by Division 07 Section “EPDM Roofing” concurrently. 

1.4 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. Splash blocks. 
2. Fasteners. 

B. As-Specified Data: If the product to be incorporated into Project is as specified by manufacturer 
name and product designation in Part 2 of this Specification Section, submit the “As-Specified 
Verification Form” (attached to Division 01 Section “Submittal Procedures”) for each item 
listed below, otherwise submit full Product Data for the following: 

1. Metal copings. 
2. Gutters. 
3. Downspouts. 
4. Self-adhering, high-temperature sheet underlayment. 
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C. Shop Drawings: For roof specialties. 

1. Include plans, elevations, expansion-joint locations, keyed details, and attachments to 
other work. Distinguish between plant- and field-assembled work. 

2. Include details for expansion and contraction; locations of expansion joints, including 
direction of expansion and contraction. 

3. Indicate profile and pattern of seams and layout of fasteners, cleats, clips, and other 
attachments. 

4. Detail termination points and assemblies, including fixed points. 
5. Include details of special conditions. 

D. Samples for Initial Selection: For each type of roof specialty indicated with factory-applied 
color finishes. 

E. Samples for Verification: For each type of roof specialty indicated, made from 12-inch lengths 
of full-size components in specified material, and including fasteners, cover joints, accessories, 
and attachments, as follows: 

1. Copings. 
2. Roof-edge drainage systems. 

F. Sample Warranty: For manufacturer's special warranty. 

1.5 INFORMATIONAL SUBMITTALS 

A. Manufacturer Certificates: For each type of roof specialty, as required by Division 07 Section 
“EPDM Roofing” certifying that each item complies with requirements specified in 
“Performance Requirements” Article. 

1.6 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For roofing specialties to include in maintenance manuals. 
B. Warranty: Executed special warranty. 

1.7 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. 

B. Furnish not less than 3 12-foot-long sections of coping caps. 

1.8 QUALITY ASSURANCE 

A. Manufacturer Qualifications: A qualified manufacturer offering products meeting requirements 
that are FM Approvals listed for specified class and ANSI/SPRI ES-1 tested to specified design 
pressure. 

B. Source Limitations: Obtain roof specialties approved by manufacturer providing roofing-system 
warranty specified in Division 07 Section “EPDM Roofing”. 
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1.9 DELIVERY, STORAGE, AND HANDLING 

A. Do not store roof specialties in contact with other materials that might cause staining, denting, 
or other surface damage. Store roof specialties away from uncured concrete and masonry. 

B. Protect strippable protective covering on roof specialties from exposure to sunlight and high 
humidity, except to extent necessary for the period of roof-specialty installation. 

1.10 FIELD CONDITIONS 

A. Field Measurements: Verify profiles and tolerances of roof-specialty substrates by field 
measurements before fabrication and indicate measurements on Shop Drawings. 

B. Coordination: Coordinate roof specialties with flashing, trim, and construction of parapets, roof 
deck, roof and wall panels, and other adjoining work to provide a leakproof, secure, and 
noncorrosive installation. 

1.11 WARRANTY 

A. Roofing-System Warranty: Roof specialties are included in warranty provisions in Division 07 
Section “EPDM Roofing”." 

B. Special Warranty on Painted Finishes: Manufacturer agrees to repair finish or replace roof 
specialties that show evidence of deterioration of factory-applied finishes within specified 
warranty period. 

1. Fluoropolymer Finish: Deterioration includes, but is not limited to, the following: 

a. Color fading more than 5 Delta E units when tested according to ASTM D2244. 
b. Chalking in excess of a No. 8 rating when tested according to ASTM D4214. 
c. Cracking, checking, peeling, or failure of paint to adhere to bare metal. 

2. Finish Warranty Period: 20 years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. General Performance: Roof specialties shall withstand exposure to weather and resist thermally 
induced movement without failure, rattling, leaking, or fastener disengagement due to defective 
manufacture, fabrication, installation, or other defects in construction. 

B. FM Approvals' Listing: Manufacture and install copings and roof-edge specialties that are listed 
in FM Approvals' "RoofNav" and approved for windstorm classification, Class 1-90. Identify 
materials with FM Approvals' markings. 



 

ROOF SPECIALTIES  Tetra Tech 

07 71 00 / Page 4 Project No. 203778-21001 Architects & Engineers 

C. SPRI Wind Design Standard: Manufacture and install copings and roof-edge specialties tested 
and certified according to ANSI/SPRI ES-1 (Test Methods RE-1, RE-2, and RE-3, as 
applicable) to comply with the Building Code of New York State which references ASCE/SEI 
7, and capable of meeting the wind load design criteria indicated on the Drawings. 

D. Thermal Movements: Allow for thermal movements from ambient and surface temperature 
changes to prevent buckling, opening of joints, hole elongation, overstressing of components, 
failure of joint sealants, failure of connections, and other detrimental effects. Provide clips that 
resist rotation and avoid shear stress as a result of thermal movements. Base calculations on 
surface temperatures of materials due to both solar heat gain and nighttime-sky heat loss. 

1. Temperature Change (Range): 120 deg F, ambient; 180 deg F, material surfaces. 

2.2 COPINGS 

A. Metal Copings: Manufactured coping system consisting of metal coping cap in longest uniform 
section lengths not exceeding 12 feet, concealed anchorage; with corner units, end cap units, 
and concealed splice plates with finish matching coping caps. 

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. Carlisle SynTec Systems; SecurEdge 200 Coping. 
b. Firestone Building Products Company, LLC; Firestone Coping. 
c. Johns Manville; Presto Lock Coping System. 

2. Formed Aluminum Sheet Coping Caps: Aluminum sheet, 0.063 inch thick. 

a. Surface: Smooth, flat finish. 
b. Finish:  Two-coat fluoropolymer. 
c. Color:  As selected by Architect from manufacturer's full range. 

3. Corners: Factory mitered and continuously welded, not less than 2 feet long in each 
direction. 

4. Coping-Cap Attachment Method: Snap-on. 

a. Snap-on Coping Anchor Plates: Concealed, galvanized-steel sheet, not less than 
0.040 inch thick (20 gage), 12 inches wide, with integral cleats and factory-applied 
stainless steel spring clips. 

2.3 ROOF-EDGE DRAINAGE SYSTEMS 

A. Gutters: Manufactured in longest uniform section lengths not exceeding 12 feet, with matching 
corner units, ends, outlet tubes, and other accessories. Elevate back edge at least 1 inch above 
front edge. Furnish expansion joints and expansion-joint covers fabricated from same metal as 
gutters. 
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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. Carlisle SynTec Systems; SecurEdge 200 Industrial Gutter System IG-1. 
b. Firestone Building Products Company, LLC; Firestone Industrial Gutter FS-1. 
c. Johns Manville; Johns Manville Industrial Gutter IG-1. 

2. Aluminum Sheet:  Not less than 0.063 inch thick. 

3. Corners: Factory mitered and continuously welded, not less than 2 feet long in each 
direction. 

4. Gutter Supports:  Straps with finish matching the gutters. 

B. Downspouts:  Plain rectangular complete with mitered elbows, manufactured from the 
following exposed metal. Furnish with metal brackets mounted at rear of downspout, from same 
material as downspouts, and stainless steel anchors. 

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. Carlisle SynTec Systems; SecurEdge 200 Industrial Downspout Closed Face. 
b. Firestone Building Products Company, LLC; Firestone Industrial Closed Face. 
c. Johns Manville; Johns Manville Industrial Downspout Closed Face. 

2. Formed Aluminum:  Not less than 0.063 inch thick. 

3. Size: As indicated on Drawings. 

C. Aluminum Finish:  Two-coat fluoropolymer. 

1. Color:  As selected by Architect from manufacturer's full range. 

D. Splash blocks:  

1. Precast Concrete Type: Factory-made units from a plant regularly engaged in producing 
precast concrete units. Provide units with minimum 5000 psi compressive strength, with 
reinforcement required for handling of units, edged on three sides, with one open end. 

a. Size: Not less than 24 inches long by 12 inches wide by 3 inches high, unless 
otherwise indicated. 

2.4 MATERIALS 

A. Zinc-Coated (Galvanized) Steel Sheet: ASTM A653/A653M, G90 coating designation. 
B. Aluminum Sheet: ASTM B209, alloy as standard with manufacturer for finish required, with 

temper to suit forming operations and performance required. 
C. Aluminum Extrusions: ASTM B221, alloy and temper recommended by manufacturer for type 

of use and finish indicated. 
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2.5 UNDERLAYMENT MATERIALS 

A. Self-Adhering, High-Temperature Sheet: Minimum 30 to 40 mils thick, consisting of slip-
resisting polyethylene-film top surface laminated to layer of butyl or SBS-modified asphalt 
adhesive, with release-paper backing; cold applied. Provide primer when recommended by 
underlayment manufacturer. 

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. Carlisle WIP Products; a brand of Carlisle Construction Materials; WIP 300HT. 
b. GCP Applied Technologies Inc.; Grace Ultra. 
c. Henry Company; Blueskin PE200HT High Temperature Roof Underlayment. 

2. Thermal Stability: ASTM D1970/D1970M; stable after testing at 240 deg F. 

3. Low-Temperature Flexibility: ASTM D1970/D1970M; passes after testing at minus 20 
deg F. 

2.6 MISCELLANEOUS MATERIALS 

A. Fasteners: Manufacturer's recommended fasteners, suitable for application and designed to meet 
performance requirements. Furnish the following unless otherwise indicated: 

1. Exposed Penetrating Fasteners: Not permitted. 
2. Fasteners for Aluminum: Series 300 stainless steel. 
3. Fasteners for Zinc-Coated (Galvanized) Steel Sheet: Series 300 stainless steel. 

B. Elastomeric Sealant: ASTM C920, elastomeric polymer sealant of type, grade, class, and use 
classifications required by roofing-specialty manufacturer for each application. 

2.7 FINISHES 

A. Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for 
recommendations for applying and designating finishes. 

B. Protect mechanical and painted 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 unacceptable. 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. Coil-Coated Aluminum Sheet Finishes: 

1. High-Performance Organic Finish: Prepare, pretreat, and apply coating to exposed metal 
surfaces to comply with coating and resin manufacturers' written instructions. 
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a. Two-Coat Fluoropolymer: AAMA 2605. Fluoropolymer finish containing not less 
than 70 percent polyvinylidene fluoride (PVDF) resin by weight in color coat. 
Prepare, pretreat, and apply coating to exposed metal surfaces to comply with 
coating and resin manufacturers' written instructions. 

b. Concealed Surface Finish: Apply pretreatment and manufacturer's standard acrylic 
or polyester backer finish consisting of prime coat and wash coat with a minimum 
total dry film thickness of 0.5 mil. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, to verify actual locations, 
dimensions, and other conditions affecting performance of the Work. 

B. Examine walls, parapets and roof edges for suitable conditions for roof specialties. 
C. Verify that substrate is sound, dry, smooth, clean, sloped for drainage where applicable, and 

securely anchored. 
D. Proceed with installation only after unsatisfactory conditions have been corrected. 
E. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 INSTALLATION OF UNDERLAYMENT 

A. Self-Adhering Sheet Underlayment: Apply primer if required by manufacturer. Comply with 
temperature restrictions of underlayment manufacturer for installation. Apply wrinkle free, in 
shingle fashion to shed water, and with end laps of not less than 6 inches staggered 24 inches 
between courses. Overlap side edges not less than 3-1/2 inches. Roll laps with roller. Cover 
underlayment within 14 days. 

1. Apply continuously under copings and roof-edge specialties. 
2. Coordinate application of self-adhering sheet underlayment under roof specialties with 

requirements for continuity with adjacent air barrier materials. 

3.3 INSTALLATION, GENERAL 

A. Install roof specialties according to manufacturer's written instructions. Anchor roof specialties 
securely in place, with provisions for thermal and structural movement. Use fasteners, 
protective coatings, separators, underlayments, sealants, and other miscellaneous items as 
required to complete roof-specialty systems. 

1. Install roof specialties level, plumb, true to line and elevation; with limited oil-canning 
and without warping, jogs in alignment, buckling, or tool marks. 

2. Provide uniform, neat seams with minimum exposure of sealant. 
3. Install roof specialties to fit substrates and to result in weathertight performance. Verify 

shapes and dimensions of surfaces to be covered before manufacture. 



 

ROOF SPECIALTIES  Tetra Tech 

07 71 00 / Page 8 Project No. 203778-21001 Architects & Engineers 

4. Torch cutting of roof specialties is not permitted. 
5. Do not use graphite pencils to mark metal surfaces. 

B. Metal Protection: Protect metals against galvanic action by separating dissimilar metals from 
contact with each other or with corrosive substrates by painting contact surfaces with self-
adhering sheet underlayment or by other permanent separation as recommended by 
manufacturer. 

1. Underlayment:  Where installing metal directly on cementitious or wood substrates, 
install a course of self-adhering sheet underlayment. 

C. Expansion Provisions: Allow for thermal expansion of exposed roof specialties. 

1. Space movement joints at a maximum of 12 feet with no joints within 24 inches of 
corners or intersections unless otherwise indicated on Drawings. 

2. When ambient temperature at time of installation is between 40 and 70 deg F, set joint 
members for 50 percent movement each way. Adjust setting proportionately for 
installation at higher ambient temperatures. 

3. Loose-nail fascia extender at center of pre-punched slotted hole; do not draw nail tight. 

4. Stagger joints in fascia from those in fascia extender by not less than 24 inches. 

D. Fastener Sizes: Use fasteners of sizes that penetrate substrate not less than recommended by 
fastener manufacturer to achieve maximum pull-out resistance. 

E. Seal joints as required for weathertight construction. Place sealant to be completely concealed in 
joint. Do not install sealants at temperatures below 40 deg F. 

3.4 INSTALLATION OF COPINGS 

A. Install cleats, anchor plates, and other anchoring and attachment accessories and devices with 
concealed fasteners. 

B. Anchor copings with manufacturer's required devices, fasteners, and fastener spacing to meet 
performance requirements. 

1. Interlock face and back leg drip edges of snap-on coping cap into cleated anchor plates 
anchored to substrate at manufacturer's required spacing that meets performance 
requirements. 

3.5 INSTALLATION OF ROOF-EDGE SPECIALITIES 

A. Install cleats, cants, and other anchoring and attachment accessories and devices with concealed 
fasteners. 

B. Anchor roof edgings with manufacturer's required devices, fasteners, and fastener spacing to 
meet performance requirements. 

C. Strip-in cleat as indicated on Drawings. 
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3.6 INSTALLATION OF ROOF-EDGE DRAINAGE-SYSTEM 

A. Install components to produce a complete roof-edge drainage system according to 
manufacturer's written instructions. Coordinate installation of roof perimeter flashing with 
installation of roof-edge drainage system. 

B. Gutters: Join and seal gutter lengths. Allow for thermal expansion. Attach gutters to firmly 
anchored gutter supports spaced not more than 30 inches apart. Attach ends with rivets and seal 
with sealant to make watertight. Slope to downspouts. 

1. Install gutter with expansion joints at locations indicated but not exceeding 48 feet apart. 
Install expansion-joint caps. 

C. Downspouts: Join sections with manufacturer's standard telescoping joints. Provide hangers 
with fasteners designed to hold downspouts securely to walls and 1 inch away from walls; 
locate fasteners at top and bottom and at approximately 60 inches o.c. 

1. Provide elbows at base of downspouts to direct water away from building. 

a. Install splash blocks where downspouts discharge onto roof surfaces and at other 
locations indicated. 

3.7 CLEANING AND PROTECTION 

A. Clean and neutralize flux materials. Clean off excess sealants. 

B. Remove temporary protective coverings and strippable films as roof specialties are installed. On 
completion of installation, clean finished surfaces, including removing unused fasteners, metal 
filings, pop rivet stems, and pieces of flashing. Maintain roof specialties in a clean condition 
during construction. 

C. Replace roof specialties that have been damaged or that cannot be successfully restored by 
finish touchup or similar minor restoration procedures. 

END OF SECTION 07 71 00 
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SECTION 07 84 13 - PENETRATION FIRESTOPPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Penetrations in fire-resistance-rated walls. 
2. Penetrations in horizontal assemblies. 
3. Penetrations in smoke barriers. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals and informational submittals required by this Section 
concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1. Penetrations in fire-resistance-rated walls. 
2. Penetrations in horizontal assemblies. 

1.5 ATIONAL SUBMITTALS 

A. Qualification Data: For Installer. 

1.6 CLOSEOUT SUBMITTALS 

A. Installer Certificates: From Installer indicating that penetration firestopping systems have been 
installed in compliance with requirements and manufacturer's written instructions. 

1.7 QUALITY ASSURANCE 

A. Installer Qualifications: A firm that has been approved by FM Approval according to 
FM Approval 4991, "Approval of Firestop Contractors," or been evaluated by UL and found to 
comply with its "Qualified Firestop Contractor Program Requirements." 

07 84 13 
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1.8 PROJECT CONDITIONS 

A. Environmental Limitations: Do not install penetration firestopping system when ambient or 
substrate temperatures are outside limits permitted by penetration firestopping system 
manufacturers or when substrates are wet because of rain, frost, condensation, or other causes. 

B. Install and cure penetration firestopping materials per manufacturer's written instructions using 
natural means of ventilations or, where this is inadequate, forced-air circulation. 

1.9 COORDINATION 

A. Coordinate construction of openings and penetrating items to ensure that penetration 
firestopping systems can be installed according to specified firestopping system design. 

B. Coordinate sizing of sleeves, openings, core-drilled holes, or cut openings to accommodate 
penetration firestopping systems. 

C. Notify Owner at least seven days in advance of time when Work that requires testing or 
inspecting will be performed. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Fire-Test-Response Characteristics: 

1. Perform penetration firestopping system tests by a qualified testing agency acceptable to 
authorities having jurisdiction. 

2. Test per testing standards referenced in "Penetration Firestopping Systems" Article. 
Provide rated systems complying with the following requirements: 

a. Penetration firestopping systems shall bear classification marking of a qualified 
testing agency. 

1) UL in its "Fire Resistance Directory." 

B. Exposed Penetration Firestopping Systems: Flame-spread and smoke-developed indexes of less 
than 25 and 450, respectively, per ASTM E 84. 

1. Sealant shall have a VOC content of 250 g/L or less. 

C. Mold Resistance: Provide penetration firestopping with mold and mildew resistance rating of 
zero as determined by ASTM G 21. 
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2.2 PENETRATION FIRESTOPPING SYSTEMS 

A. Penetration Firestopping Systems: Systems that resist spread of fire, 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. 

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. 3M Fire Protection Products. 
b. Hilti, Inc. 
c. RectorSeal. 

B. Penetrations in Fire-Resistance-Rated Walls: Penetration firestopping systems with ratings 
determined per ASTM E 814 or UL 1479, based on testing at a positive pressure differential of 
0.01-inch wg. 

1. F-Rating: Not less than the fire-resistance rating of constructions penetrated. 

C. Penetrations in Horizontal Assemblies: Penetration firestopping systems with ratings 
determined per ASTM E 814 or UL 1479, based on testing at a positive pressure differential of 
0.01-inch wg. 

1. F-Rating: At least one hour, but not less than the fire-resistance rating of constructions 
penetrated. 

2. T-Rating: At least one 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: Penetration firestopping systems with ratings determined per 
UL 1479, based on testing at a positive pressure differential of 0.30-inch wg. 

1. L-Rating: Not exceeding 5.0 cfm/sq. ft. of penetration opening at and no more than 50-
cfm cumulative total for any 100 sq. ft. at both ambient and elevated temperatures. 

E. 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 system manufacturer and approved by qualified testing and inspecting 
agency for conditions indicated. 

1. Permanent forming/damming/backing materials. 
2. Substrate primers. 
3. Collars. 
4. Steel sleeves. 
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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 sleeve lined with an intumescent strip, a 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 intumescent 
elastomeric sheet bonded to galvanized-steel sheet. 

E. Intumescent Putties: Nonhardening, water-resistant, intumescent putties containing no solvents 
or inorganic fibers. 

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. 

2.4 MIXING 

A. Penetration Firestopping Materials: For those products requiring mixing before application, 
comply with penetration firestopping system 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. 
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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. 

C. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 PREPARATION 

A. Surface Cleaning: Before installing penetration firestopping systems, clean out openings 
immediately 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 materials. 

2. Clean opening substrates and penetrating items to produce clean, sound surfaces capable 
of developing optimum bond with penetration firestopping materials. Remove loose 
particles remaining from cleaning operation. 

3. Remove laitance and form-release agents from concrete. 

B. 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. 

3.3 INSTALLATION 

A. General: Install penetration firestopping systems to comply with manufacturer's written 
installation instructions and published drawings for products and applications. 

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. 

1. After installing fill materials and allowing them to fully cure, remove combustible 
forming materials and other accessories not forming permanent components of 
firestopping. 

C. Install fill materials by proven techniques to produce the following results: 

1. Fill voids and cavities formed by openings, forming materials, accessories and 
penetrating items to achieve required fire-resistance ratings. 



PENETRATION FIRESTOPPING  Tetra Tech 

07 84 13 / Page 6 Project No. 203778-21001 Architects & Engineers 

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 IDENTIFICA 

A. Wall Identification: Permanently label walls containing penetration firestopping systems with 
the words "FIRE AND/OR SMOKE BARRIER - PROTECT ALL OPENINGS," using lettering 
not less than 3 inches high and with minimum 0.375-inch strokes. 

1. Locate in accessible concealed floor, floor-ceiling, or attic space at 15 feet from end of 
wall and at intervals not exceeding 30 feet. 

B. Penetration Identification: Identify each penetration firestopping system with legible metal or 
plastic labels. Attach labels permanently to surfaces adjacent to and within 6 inches of 
penetration firestopping system edge so labels are visible to anyone seeking to remove 
penetrating items or firestopping systems. 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. 
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. Where deficiencies are found or penetration firestopping system is damaged or removed 
because of testing, repair or replace penetration firestopping system to comply with 
requirements. 

B. Proceed with enclosing penetration firestopping systems 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 system 
manufacturers and that do not damage materials in which openings occur. 
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B. Provide final protection and maintain conditions during and after installation that ensure that 
penetration firestopping systems are 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 material and install new materials 
to produce systems complying with specified requirements. 

3.7 PENETRATION FIRESTOPPING SYSTEM 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 each location where a penetration occurs, provide a firestopping system selected from the 
floor and wall system below that complies with this Section and is suitable for the penetration 
conditions indicated for the Project.   
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END OF SECTION 07 84 13 
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SECTION 07 92 00 - JOINT SEALANTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Silicone joint sealants. 
2. Urethane joint sealants. 
3. Latex joint sealants. 
4. Preformed joint seals. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals required by this Section concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each joint-sealant product indicated. 

1. Cylindrical sealant backings. 
2. Bond-breaker tape. 
3. Primers. 

B. As-Specified Data: If the product to be incorporated into Project is as specified by manufacturer 
name and product designation in Part 2 of this Specification Section, submit the “As-Specified 
Verification Form” (attached to Division 01 Section “Submittal Procedures”) for each item 
listed below, otherwise submit full Product Data for the following: 

1. Silicone joint sealants. 
2. Urethane joint sealants. 
3. Latex joint sealants. 
4. Preformed joint seals. 

C. Samples: Manufacturer's color charts showing the full range of colors available for each product 
exposed to view. 

D. Samples for Verification: For each kind and color of joint sealant required, provide Samples 
with joint sealants in 1/2-inch-wide joints formed between two 6-inch-long strips of material 
matching the appearance of exposed surfaces adjacent to joint sealants. 

07 92 00 
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E. Joint-Sealant Schedule: Include the following information: 

1. Joint-sealant application, joint location, and designation. 
2. Joint-sealant manufacturer and product name. 
3. Joint-sealant formulation. 

1.5 MOCKUPS 

A. Install sealant in mockups of assemblies specified in other Sections that are indicated to receive 
joint sealants specified in this Section. Use materials and installation methods specified in this 
Section. 

1.6 FIELD CONDITIONS 

A. Do not proceed with installation of joint sealants under the following conditions: 

1. When ambient and substrate temperature conditions are outside limits permitted by joint-
sealant manufacturer or are below 40 deg F. 

2. When joint substrates are wet. 
3. Where joint widths are less than those allowed by joint-sealant manufacturer for 

applications indicated. 
4. Where contaminants capable of interfering with adhesion have not yet been removed 

from joint substrates. 

PART 2 - PRODUCTS 

2.1 JOINT SEALANTS, GENERAL 

A. Compatibility: Provide joint sealants, backings, and other related materials that are compatible 
with one another and with joint substrates under conditions of service and application, as 
demonstrated by joint-sealant manufacturer, based on testing and field experience. 

B. VOC Content: Sealants and sealant primers shall comply with the following: 

1. Architectural sealants shall have a VOC content of 250 g/L or less. 
2. Sealants and sealant primers for nonporous surfaces shall have a VOC content of 250 g/L 

or less. 
3. Sealants and sealant primers for porous substrates shall have a VOC content of 775 g/L 

or less.  

C. Colors of Exposed Joint Sealants:  As selected by Architect from manufacturer's full range. 
Multiple colors may be selected. 
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2.2 SILICONE JOINT SEALANTS 

A. Silicone Joint Sealants: Single-component, nonsag, plus 100 percent and minus 50 percent 
movement capability, nontraffic-use, neutral-curing silicone joint sealant; ASTM C920, Type S, 
Grade NS, Class 100/50, Use NT. 

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 Chemical Company (The); DOWSIL790 Silicone Building Sealant. 
b. GE/Momentive Performance Materials Inc.; SCS2700 SilPruf LM. 
c. Pecora Corporation; 890NST. 
d. Tremco Incorporated; Spectrem 1. 

2. Joint-Sealant Application:  Joints in vertical surfaces. 

a. Exterior Joint Locations: 

1) Control and expansion joints in unit masonry. 
2) Joints between different materials listed above. 
3) Perimeter joints between materials listed above and frames of exterior 

openings. 
4) Other joints as indicated. 

b. Interior Joint Locations: 

1) Control and expansion joints on exposed interior surfaces of exterior walls. 
2) Perimeter joints of exterior openings. 
3) Other joints as indicated. 

2.3 URETHANE JOINT SEALANTS 

A. Urethane Joint Sealants, Nontraffic-Use: Single-component, nonsag, nontraffic-use, plus 25 
percent and minus 25 percent movement capability, urethane joint sealant; ASTM C920, 
Type S, Grade NS, Class 25, Use NT. 

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. Master Builders Solutions; MasterSeal TX 1. 
b. Polymeric Systems, Inc.; Flexiprene 1000. 

2. Joint-Sealant Application:  Joints up to 1 inch wide in horizontal nontraffic surfaces. 

a. Exterior Joint Locations: 

1) Control and expansion joints in ceilings and other overhead surfaces. 
2) Other joints as indicated. 
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b. Interior Joint Locations: 

1) Control and expansion joints in ceilings and other overhead surfaces. 
2) Other joints as indicated. 

2.4 LATEX JOINT SEALANTS 

A. Acrylic Latex Joint Sealants: Acrylic latex or siliconized acrylic latex, ASTM C834, Type OP. 

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. Pecora Corporation; AC-20 +Silicone. 
b. Tremco Incorporated; Tremflex 834. 

2. Joint-Sealant Application: Interior joints in vertical surfaces not subject to significant 
movement. 

a. Joint Locations: 

1) Vertical joints on exposed surfaces of interior unit masonry, concrete, 
gypsum board and plaster. 

2) Perimeter joints between interior wall surfaces and frames of openings. 
3) Other joints as indicated. 

2.5 PREFORMED JOINT SEALS 

A. Preformed Joint Seals: Manufacturer’s standard pre-compressed, elastomeric-coated foam 
preformed joint seal, for non-invasive installation in joint of nominal joint width as indicated on 
Drawings, with plus 50 percent and minus 50 percent movement capability.  

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. EMSEAL Joint Systems, Ltd; Seismic Colorseal. 
b. Nystrom, Inc.; Seismic Compression Seal. 
c. Watson Bowman Acme Corp.; a BASF affiliate; WaboSeismicWeatherSeal. 

2. Joint-Seal Application: Exterior joints in vertical surfaces. 

a. Joint Locations: 

1) Where indicated. 
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2.6 JOINT-SEALANT BACKING 

A. Sealant Backing Material, General: Nonstaining; compatible with joint substrates, sealants, 
primers, and other joint fillers; and approved for applications indicated by sealant manufacturer 
based on field experience and laboratory testing. 

B. Cylindrical Sealant Backings: ASTM C1330, Type C (closed-cell material with a surface skin), 
Type O (open-cell material) or either of the preceding types, as approved in writing by joint-
sealant manufacturer for joint application indicated, and of size and density to control sealant 
depth and otherwise contribute to producing optimum sealant performance. 

C. Bond-Breaker Tape: Polyethylene tape or other plastic tape recommended by sealant 
manufacturer for preventing sealant from adhering to rigid, inflexible joint-filler materials or 
joint surfaces at back of joint. Provide self-adhesive tape where applicable. 

2.7 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 joint substrates and adjacent nonporous surfaces in any way, and formulated to 
promote optimum adhesion of sealants to joint substrates. 

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 
performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

C. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 PREPARATION 

A. Surface Cleaning of Joints: Clean out joints immediately before installing joint sealants to 
comply with joint-sealant manufacturer's written instructions and the following requirements: 
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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 porous joint substrate surfaces by brushing, grinding, 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 after cleaning 
operations above by vacuuming or blowing out joints with oil-free compressed air.  

3. Remove laitance and form-release agents from concrete. 

4. Clean nonporous joint substrate 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 recommended by joint-sealant manufacturer or as 
indicated by preconstruction joint-sealant-substrate tests or prior experience. Apply primer to 
comply with joint-sealant manufacturer's written instructions. 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 or primer 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 

A. General: Comply with joint-sealant manufacturer's written installation instructions for products 
and applications indicated, unless more stringent requirements apply. 

B. Sealant Installation Standard: Comply with recommendations in ASTM C1193 for use of joint 
sealants as applicable to materials, applications, and conditions indicated. 

C. Install sealant backings of kind indicated to support sealants during application and at position 
required to produce cross-sectional shapes and depths of installed sealants relative to joint 
widths that allow optimum sealant movement capability. 

1. Do not leave gaps between ends of sealant backings. 
2. Do not stretch, twist, puncture, or tear sealant backings. 
3. Remove absorbent sealant backings that have become wet before sealant application, and 

replace them with dry materials. 

D. Install bond-breaker tape behind sealants where sealant backings are not used between sealants 
and backs of joints. 

E. Install sealants using proven techniques that comply with the following and at the same time 
backings are installed: 
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1. Place sealants so they directly contact and fully wet joint substrates. 
2. Completely fill recesses in each joint configuration. 
3. Produce uniform, cross-sectional shapes and depths relative to joint widths that allow 

optimum sealant movement capability. 

F. Tooling of Nonsag Sealants: Immediately after sealant application and before skinning or curing 
begins, tool sealants according to requirements specified in subparagraphs below to form 
smooth, uniform beads of configuration indicated; to eliminate air pockets; and to ensure 
contact and adhesion of sealant with sides of joint. 

1. Remove excess sealant from surfaces adjacent to joints. 
2. Use tooling agents that are approved in writing by sealant manufacturer and that do not 

discolor sealants or adjacent surfaces. 
3. Provide concave joint profile per Figure 8A in ASTM C1193 unless otherwise indicated. 

3.4 INSTALLATION OF PREFORMED JOINT SEALS 

A. General: Comply with preformed joint seal manufacturer's written installation instructions for 
products and applications indicated unless more stringent requirements apply. 

B. Installation of Preformed Joint Seals: 

1. Install each length of seal immediately after removing protective wrapping. 
2. Firmly secure compressed joint seals to joint gap side to obtain full bond as 

recommended by manufacturer. 
3. Do not pull or stretch material. Produce seal continuity at splices, ends, turns, and 

intersections of joints. 
4. For applications at low ambient temperatures, heat foam joint seal material in compliance 

with manufacturer's written instructions. 

3.5 CLEANING 

A. Clean off excess sealant or sealant smears adjacent to joints as the Work progresses by methods 
and with cleaning materials approved in writing by manufacturers of joint sealants and of 
products in which joints occur. 

3.6 PROTECTION 

A. Protect joint sealants during and after curing period from contact with contaminating substances 
and from damage resulting from construction operations or other causes so sealants are without 
deterioration or damage at time of Substantial Completion. If, despite such protection, damage 
or deterioration occurs, cut out, remove, and correct damaged or deteriorated joint sealants 
immediately so installations with corrected areas are indistinguishable from original work. 

END OF SECTION 07 92 00 
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SECTION 08 41 13 - ALUMINUM-FRAMED ENTRANCES AND STOREFRONTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Aluminum-framed storefront systems (info for reference on existing system) 
2. Aluminum framed casement windows installed in existing storefront system (to replace 

failed casement windows). 

1.3 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1. Review and discuss the finishing of aluminum storefront that is required to be 
coordinated with the finishing of other aluminum work for color and finish matching. 

2. Review, discuss, and coordinate the interrelationship of aluminum storefront with other 
exterior wall components. Include provisions for anchoring, flashing, weeping, sealing 
perimeters, and protecting finishes. 

3. Review and discuss the sequence of work required to construct a watertight and 
weathertight exterior building envelope. 

4. Inspect and discuss the condition of substrate and other preparatory work performed by 
other trades. 

1.4 SUBMITTALS, GENERAL 

A. General: Submit all action submittals and informational submittals required by this Section and 
by Division 08 Sections “Door Hardware” and “Glazing” concurrently. 

1.5 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. Accessories. 

08 41 13 
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B. As-Specified Data: If the product to be incorporated in the Work is as specified by manufacturer 
name and product designation in this Specification Section, submit the “As-Specified 
Verification Form” (attached to Division 01 Section “Submittal Procedures”) for each item 
listed below, otherwise submit full Product Data for the following: 

1. Thermally broken framing. 
2. Casement windows installed into existing thermally broken framing. 

C. Shop Drawings: For aluminum-framed entrances and storefronts. Include plans, elevations, 
sections, full-size details, and attachments to other work. 

1. Include details of provisions for assembly expansion and contraction and for draining 
moisture occurring within the assembly to the exterior. 

2. Show connection to and continuity with adjacent thermal, weather, air, and vapor 
barriers. 

D. Samples: For each type of exposed finish required, in manufacturer's standard sizes. 

E. Sample Warranties: For special warranties. 

1.6 INFORMATIONAL SUBMITTALS 

A. Energy Performance Certificates: For aluminum-framed entrances and storefronts, accessories, 
and components, from manufacturer. 

1. Basis for Certification: NFRC-certified energy performance values for each aluminum-
framed entrance and storefront. 

1.7 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For aluminum-framed entrances and storefronts to include in maintenance 
manuals. 

B. Warranties: Executed special warranties. 

1.8 QUALITY ASSURANCE 

A. Installer Qualifications: An entity that employs installers and supervisors who are trained and 
approved by manufacturer. 

B. Product Options: Information on Drawings and in Specifications establishes requirements for 
aesthetic effects and performance characteristics of assemblies. Aesthetic effects are indicated 
by dimensions, arrangements, alignment, and profiles of components and assemblies as they 
relate to sightlines, to one another, and to adjoining construction. 

1. Do not change intended aesthetic effects, as judged solely by Architect, except with 
Architect's approval. If changes are proposed, submit comprehensive explanatory data to 
Architect for review. 
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1.9 MOCKUPS 

A. Build mockups to verify selections made under Sample submittals and to demonstrate aesthetic 
effects and set quality standards for fabrication and installation. 

1. Install a mockup casement window within the fixed storefront for review and approval 
prior to remainder of window installations. 

1.10 WARRANTY 

A. Special Warranty:  Manufacturer agrees to correct or replace components of aluminum-framed 
entrances and storefronts that do not comply with requirements or that fail in materials or 
workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Structural failures, including, but not limited to, excessive deflection. 
b. Noise or vibration created by wind and thermal and structural movements. 
c. Deterioration of metals and other materials beyond normal weathering. 
d. Water penetration through fixed glazing and framing areas. 
e. Failure of operating components. 

2. Warranty Period:  10 years from date of Substantial Completion. 

B. Special Finish Warranty, Factory-Applied Finishes: Standard form in which manufacturer 
agrees to restore finishes or replace aluminum that shows evidence of deterioration of factory-
applied finishes within specified warranty period. 

1. Deterioration includes, but is not limited to, the following: 

a. Color fading more than 5 Delta E units when tested in accordance with 
ASTM D2244. 

b. Chalking in excess of a No. 8 rating when tested in accordance with 
ASTM D4214. 

c. Cracking, checking, peeling, or failure of paint to adhere to bare metal. 

2. Warranty Period:  20 years from date of Substantial Completion. 

C. Special Finish Warranty, Anodized Finishes: Standard form in which manufacturer agrees to 
restore finishes or replace aluminum that shows evidence of deterioration of anodized finishes 
within specified warranty period. 

1. Deterioration includes, but is not limited to, the following: 

a. Color fading more than 5 Delta E units when tested in accordance with 
ASTM D 2244. 

b. Chalking in excess of a No. 8 rating when tested in accordance with 
ASTM D 4214. 

c. Cracking, peeling, or chipping. 

2. Warranty Period:  10 years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Source Limitation: Obtain all components of aluminum-framed entrance and storefront system, 
including framing and accessories, and entrance doors when available, from single 
manufacturer. 

2.2 PERFORMANCE REQUIREMENTS 

A. General Performance: Comply with performance requirements specified, as determined by 
testing of aluminum-framed entrances and storefronts representing those indicated for this 
Project without failure due to defective manufacture, fabrication, installation, or other defects in 
construction. 

1. Aluminum-framed entrances and storefronts shall withstand movements of supporting 
structure, including, but not limited to, twist, column shortening, long-term creep, and 
deflection from uniformly distributed and concentrated live loads. 

2. Failure also includes the following: 

a. Thermal stresses transferring to building structure. 
b. Glass breakage. 
c. Noise or vibration created by wind and thermal and structural movements. 
d. Loosening or weakening of fasteners, attachments, and other components. 
e. Failure of operating units. 

B. Structural Loads: 

1. Wind Loads: As indicated on Drawings. 
2. Other Design Loads: As indicated on Drawings. 

C. Deflection of Framing Members Supporting Glass: At design wind load, as follows: 

1. Deflection Normal to Wall Plane: Limited to 1/175 of clear span for spans of up to 13 
feet 6 inches and to 1/240 of clear span plus 1/4 inch for spans greater than 13 feet 6 
inches. 

2. Deflection Parallel to Glazing Plane: Limited to amount not exceeding that which reduces 
glazing bite to less than 75 percent of design dimension and that which reduces edge 
clearance between framing members and glazing or other fixed components to less than 
1/8 inch. 

a. Operable Units: Provide a minimum 1/16-inch clearance between framing 
members and operable units. 
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3. Cantilever Deflection:  Where framing members overhang an anchor point, as follows: 

a. Perpendicular to Plane of Wall: No greater than 1/240 of clear span plus 1/4 inch 
for spans greater than 6 feet 9 inches or 1/175 times span, for spans of less than 6 
feet 9 inches. 

D. Structural: Test in accordance with ASTM E330/E330M as follows: 

1. When tested at positive and negative wind-load design pressures, storefront assemblies, 
including entrance doors, do not evidence deflection exceeding specified limits. 

2. When tested at 150 percent of positive and negative wind-load design pressures, 
storefront assemblies, including entrance doors and anchorage, do not evidence material 
failures, structural distress, or permanent deformation of main framing members 
exceeding 0.2 percent of span. 

3. Test Durations: As required by design wind velocity, but not less than 10 seconds. 

E. Water Penetration under Static Pressure: Test in accordance with ASTM E331 as follows: 

1. No evidence of water penetration through fixed glazing and framing areas, including 
entrance doors, when tested in accordance with a minimum static-air-pressure differential 
of 20 percent of positive wind-load design pressure, but not less than 10 lbf/sq. ft.. 

F. Energy Performance: Certified and labeled by manufacturer for energy performance as follows: 

1. Thermal Transmittance (U-factor): 

a. Thermally Broken Fixed Glazing and Framing Areas: U-factor for the system of 
not more than 0.36 Btu/sq. ft. x h x deg F as determined in accordance with 
NFRC 100. 

2. Solar Heat-Gain Coefficient (SHGC): 

a. Thermally Broken Fixed Glazing and Framing Areas: SHGC for the system of not 
more than 0.38 as determined in accordance with NFRC 200. 

3. Air Leakage: 

a. Thermally Broken Fixed Glazing and Framing Areas: Air leakage for the system of 
not more than 0.06 cfm/sq. ft. at a static-air-pressure differential of 6.24 lbf/sq. ft. 
when tested in accordance with ASTM E283 or NFRC 400. 

4. Condensation Resistance Factor (CRF): 

a. Thermally Broken Fixed Glazing and Framing Areas: CRF for the system of not 
less than 62 as determined in accordance with AAMA 1503. 
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G. Thermal Movements: Allow for thermal movements resulting from ambient and surface 
temperature changes. 

1. Temperature Change: 120 deg F, ambient; 180 deg F, material surfaces. 

2.3 STOREFRONT SYSTEMS, GENERAL 

A. Framing Members Associated with Casement Windows Inserted into Existing Storefront: 
Manufacturer's extruded- or formed-aluminum framing members of thickness required and 
reinforced as required to support imposed loads. 

1. Exterior Framing Construction: Thermally broken. 
2. Glazing System: Retained mechanically with gaskets on four sides. 
3. Glazing Plane:  Center. 
4. Finish:  Color anodic and/or finish High-performance organic finish to match existing 

finish. 
5. Fabrication Method: Prefabricated in Shop. 
6. Aluminum: Alloy and temper recommended by manufacturer for type of use and finish 

indicated. 
7. Steel Reinforcement: As required by manufacturer. 

B. Brackets and Reinforcements: Manufacturer's standard high-strength aluminum with 
nonstaining, nonferrous shims for aligning system components. 

C. Insulated Spandrel Panels: Comply with Division 08 Section "Glazing." 

2.4 STOREFRONT SYSTEM TYPES 

A. Types: Provide the following types in locations indicated on Drawings: 

1. Aluminum windows installed into existing thermally broken framing. 

2.5 THERMALLY BROKEN FRAMING 

A. Products: Subject to compliance with requirements, available casement windows to be inserted 
into existing thermally broken storefront framing, are available from the following 
manufacturers: 

1. EFCO Corporation; System. 
2. Kawneer; Trifab  
3. YKK AP America Inc. 

B. Existing Storefront Framing Manufacturer and Size:  EFCO Corporation; System 403X, 2-inch 
by 4-1/2-inch (VIF). 

1. Casement Windows must be compatible and be able to be installed in the existing 
storefront system while meeting specified performance requirements. 
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2.6 GLAZING 

A. Glazing: Comply with Division 08 Section "Glazing." 
B. Glazing Gaskets: Manufacturer's standard sealed-corner pressure-glazing system of black, 

resilient elastomeric glazing gaskets, setting blocks, and shims or spacers. 
C. Glazing Sealants: As recommended by manufacturer. 

2.7 MATERIALS 

A. Sheet and Plate: ASTM B209. 

B. Extruded Bars, Rods, Profiles, and Tubes: ASTM B221. 

C. Structural Profiles: ASTM B308/B308M. 

D. Steel Reinforcement: 

1. Structural Shapes, Plates, and Bars: ASTM A36/A36M. 
2. Cold-Rolled Sheet and Strip: ASTM A1008/A1008M. 
3. Hot-Rolled Sheet and Strip: ASTM A1011/A1011M. 

E. Steel Reinforcement Primer: Manufacturer's standard zinc-rich, corrosion-resistant primer 
complying with SSPC-PS Guide No. 12.00; applied immediately after surface preparation and 
pretreatment. Select surface preparation methods in accordance with recommendations in 
SSPC-SP COM, and prepare surfaces in accordance with applicable SSPC standard. 

2.8 ACCESSORIES 

A. Fasteners and Accessories: Manufacturer's standard corrosion-resistant, nonstaining, 
nonbleeding fasteners and accessories compatible with adjacent materials. 

1. Use self-locking devices where fasteners are subject to loosening or turning out from 
thermal and structural movements, wind loads, or vibration. 

2. Reinforce members as required to receive fastener threads. 

2.9 FABRICATION 

A. Form or extrude aluminum shapes before finishing. 

B. Weld in concealed locations to greatest extent possible to minimize distortion or discoloration 
of finish. Remove weld spatter and welding oxides from exposed surfaces by descaling or 
grinding. 

C. Fabricate components that, when assembled, have the following characteristics: 

1. Profiles that are sharp, straight, and free of defects or deformations. 
2. Accurately fitted joints with ends coped or mitered. 
3. Physical and thermal isolation of glazing from framing members. 
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4. Accommodations for thermal and mechanical movements of glazing and framing to 
maintain required glazing edge clearances. 

5. Provisions for field replacement of glazing from exterior and/or interior. 
6. Fasteners, anchors, and connection devices that are concealed from view to greatest 

extent possible. 

D. Mechanically Glazed Framing Members: Fabricate for flush glazing without projecting stops. 

E. After fabrication, clearly mark components to identify their locations in Project in accordance 
with Shop Drawings. 

2.10 ALUMINUM FINISHES 

A. Color Anodic Finish: AAMA 611, AA-M12C22A42/A44, Class I, 0.018 mm or thicker. 

1. Color:  As selected by Architect from full range of industry colors and color densities. 

B. High-Performance Organic Finish, Two-Coat PVDF: Fluoropolymer finish complying with 
AAMA 2605 and containing not less than 70 percent PVDF resin by weight in color coat. 

1. Prepare, pretreat, and apply coating to exposed metal surfaces to comply with coating and 
resin manufacturers' written instructions. 

2. Color and Gloss:  As selected by Architect from manufacturer's full range. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas, with Installer present, 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. 
C. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 INSTALLATION, GENERAL 

A. Comply with manufacturer's written instructions. 

B. Do not install damaged components. 

C. Fit joints to produce hairline joints free of burrs and distortion. 

D. Rigidly secure nonmovement joints. 

E. Install anchors with separators and isolators to prevent metal corrosion and electrolytic 
deterioration and to prevent impeding movement of moving joints. 

F. Seal perimeter and other joints watertight unless otherwise indicated. 
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G. Metal Protection: 

1. Where aluminum is in contact with dissimilar metals, protect against galvanic action by 
painting contact surfaces with materials recommended by manufacturer for this purpose 
or by installing nonconductive spacers. 

2. Where aluminum is in contact with concrete or masonry, protect against corrosion by 
painting contact surfaces with bituminous paint. 

H. Set continuous sill members and flashing in full sealant bed, as specified in Division 07 
Section "Joint Sealants," to produce weathertight installation. 

I. Install joint filler behind sealant as recommended by sealant manufacturer. 

J. Install components plumb and true in alignment with established lines and grades. 

3.3 INSTALLATION OF OPERABLE UNITS 

A. Install operable units level and plumb, securely anchored, and without distortion. Adjust 
weather-stripping contact and hardware movement to produce proper operation. 

3.4 INSTALLATION OF GLAZING 

A. Install glazing as specified in Division 08 Section "Glazing." 

3.5 ERECTION TOLERANCES 

A. Install aluminum-framed entrances and storefronts to comply with the following maximum 
tolerances: 

1. Plumb: 1/8 inch in 10 feet; 1/4 inch in 40 feet. 

2. Level: 1/8 inch in 20 feet; 1/4 inch in 40 feet. 

3. Alignment: 

a. Where surfaces abut in line or are separated by reveal or protruding element up to 
1/2 inch wide, limit offset from true alignment to 1/16 inch. 

b. Where surfaces are separated by reveal or protruding element from 1/2 to 1 inch 
wide, limit offset from true alignment to 1/8 inch. 

c. Where surfaces are separated by reveal or protruding element of 1 inch wide or 
more, limit offset from true alignment to 1/4 inch. 

4. Location: Limit variation from plane to 1/8 inch in 12 feet; 1/2 inch over total length. 

END OF SECTION 08 41 13 
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SECTION 08 71 00 - DOOR HARDWARE  

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Division 1 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes commercial door hardware for the following: 

1. Swinging doors. 
2. Sliding doors. 
3. 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 “Flush Wood Doors”. 
3. 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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1.3 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: 

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. 
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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. 

1.4 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. 
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. 
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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. 

1.5 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". 

1.6 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 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. 

1.7 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. 
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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. Standard Warranty Period: One year from date of Substantial Completion, unless otherwise 
indicated. 

D. Special Warranty Periods: 
1. Five years for exit hardware. 

1.8 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 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 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.  
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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. Interchangeable Cores: Provide small format interchangeable cores as specified, core insert, 
removable by use of a special key; usable with other manufacturers' cylinders. 

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. 

2.3 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). 
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2.4 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: 

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. 

2.5 CONVENTIONAL EXIT DEVICES 

A. General Requirements: All exit devices specified herein shall meet or exceed the following 
criteria: 

1. At doors not requiring a fire rating, provide devices complying with NFPA 101 and listed 
and labeled for "Panic Hardware" according to UL305. Provide proper fasteners as 
required by manufacturer including sex nuts and bolts at openings specified in the 
Hardware Sets. 

2. Where exit devices are required on fire rated doors, provide devices complying with 
NFPA 80 and with UL labeling indicating "Fire Exit Hardware". Provide devices with the 
proper fasteners for installation as tested and listed by UL. Consult manufacturer’s 
catalog and template book for specific requirements. 

3. Except on fire rated doors, provide exit devices with hex key dogging device to hold the 
pushbar and latch in a retracted position. Provide optional keyed cylinder dogging on 
devices where specified in Hardware Sets. 

4. Devices must fit flat against the door face with no gap that permits unauthorized dogging 
of the push bar. The addition of filler strips is required in any case where the door light 
extends behind the device as in a full glass configuration. 

5. Lever Operating Trim: Where exit devices require lever trim, furnish manufacturer's 
heavy duty escutcheon trim with threaded studs for thru-bolts.  

a. Lock Trim Design: As indicated in Hardware Sets, provide finishes and designs to 
match that of the specified locksets.  
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b. Where function of exit device requires a cylinder, provide a cylinder (Rim or 
Mortise) as specified in Hardware Sets. 

6. Vertical Rod Exit Devices: Where surface or concealed vertical rod exit devices are used 
at interior openings, provide as less bottom rod (LBR) unless otherwise indicated. 
Provide dust proof strikes where thermal pins are required to project into the floor. 

7. Narrow Stile Applications: At doors constructed with narrow stiles, or as specified in 
Hardware Sets, provide devices designed for maximum 2” wide stiles. 

8. Dummy Push Bar: Nonfunctioning push bar matching functional push bar. 

9. Rail Sizing: Provide exit device rails factory sized for proper door width application.  

10. Through Bolt Installation: For exit devices and trim as indicated in Door Hardware Sets. 

B. Conventional Push Rail Exit Devices (Heavy Duty): ANSI/BHMA A156.3, Grade 1 Certified 
Products Directory (CPD) listed panic and fire exit hardware devices furnished in the functions 
specified in the Hardware Sets. Exit device latch to be stainless steel, pullman type, with 
deadlock feature. 

1. Manufacturers: 

a. Corbin Russwin Hardware (RU) - ED4000 / ED5000 Series. 
b. Sargent Manufacturing (SA) - 80 Series. 

2.6 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 certified 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. Rockwood Products; ASSA ABLOY Architectural Door Accessories (RO). 

2.7 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. 
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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. Pemko Products; ASSA ABLOY Architectural Door Accessories (PE). 

2.8 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. 

2.9 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. 
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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. 

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. Wood Doors: DHI WDHS.3, "Recommended Locations for Architectural Hardware for 
Wood Flush Doors." 

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." 
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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 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. 
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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. 

4. At existing openings with new hardware the supplier shall field inspect existing 
conditions prior to the submittal stage to verify the specified hardware will work as 
required. Provide alternate solutions and proposals as needed. 

B. Manufacturer’s Abbreviations: 

      1. RU - Corbin Russwin     
      2. BE - Dormakaba Best     
      3. PE - Pemko     
  
  
Hardware Sets 
  
Set: 1.0 
Doors: 144-1, 155-1 
  
1 Removable Mullion 907BKM 7' M96 M95 M57  RU 
2 Rim Exit Device, Exit Only ED5200 EO M52 630 RU 
2 Rim Exit Device, Classroom ED5200 N955ET M52 630 RU 
4 Cylinder complete/ permanent core as req'd US15 BE 
1 Threshold existing to remain  PE 
1 Gasketing 290APK x 2891APK  PE 
2 Door Bottom 420ASL/ 434ARL (as required)  PE 
2 Sweep 18061CNB  PE 
1 Meeting Stile S772BL  PE 
  
Set: 2.0 
Doors: 162-2 
  
1 Astragal 314CN  PE 
  
Set: 3.0 
Doors: 162-1 
  
1 Gasketing 290APK x 2891APK  PE 
2 Door Bottom 420ASL/ 434ARL (as required)  PE 
2 Sweep 18061CNB  PE 
  
 

END OF SECTION 08 71 00 
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SECTION 08 80 00 - GLAZING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Glass products. 
2. Insulating glass. 

1.3 DEFINITIONS 

A. Glazing Manufacturers: Firms that produce primary glazing, fabricated glazing, or both, as 
defined in referenced glazing publications. 

B. Glass Thicknesses: Indicated by thickness designations in millimeters in accordance with 
ASTM C1036. 

C. IBC: International Building Code. 
D. Interspace: Space between lites of an insulating-glass unit. 
E. SHGC: Solar Heat Gain Coefficient. 

1.4 COORDINATION 

A. Coordinate glazing channel dimensions to provide necessary bite on glazing, minimum edge 
and face clearances, and adequate sealant thicknesses, with reasonable tolerances to achieve 
proper safety margins for glazing retention under each design load case, load case combination, 
and service condition. 

1.5 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1. Review and finalize construction schedule and verify availability of materials, Installer's 
personnel, equipment, and facilities needed to make progress. 

2. Review, discuss, and coordinate the interrelationship of glazing with other components, 
including framing. 

3. Review temporary protection requirements for glazing during and after installation. 

08 80 00 
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1.6 SUBMITTALS, GENERAL 

A. General: Submit all action submittals and informational submittals required by this Section and 
by Division 08 Section “Aluminum-Framed Entrances and Storefronts”, concurrently. 

1.7 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1. Insulating glass. 

B. As-Specified Data: If the product to be incorporated in the Work is as specified by manufacturer 
name and product designation in this Specification Section, submit the “As-Specified 
Verification Form” (attached to Division 01 Section “Submittal Procedures”) for each item 
listed below; otherwise submit full Product Data for the following: 

1. Glass products. 

C. Sustainable Design Submittals: 

1. Product Data: For sealants, indicating VOC content. 

D. Samples: For each type of the following products; 12 inches square. 

1. Insulating glass. 

E. Glazing Schedule: List glazing types and thicknesses for each size opening and location. Use 
same designations indicated on Drawings. 

F. Delegated Design Submittal: For glazing indicated to comply with performance requirements 
and design criteria, including analysis data signed and sealed by qualified professional engineer 
responsible for their preparation. 

G. Sample Warranties: For special warranties. 

1.8 INFORMATIONAL SUBMITTALS 

A. Forced-Entry-Resistance-Rated Certification: For each type of forced-entry-resistance-rated 
security glazing for tests performed by a qualified testing agency indicating compliance with 
performance requirements. 

B. Bullet-Resistance-Rated Performance Certification: For each type of bullet-resistance-rated 
security glazing for tests performed by a qualified testing agency indicating compliance with 
performance requirements. 

C. Preconstruction adhesion and compatibility test report. 
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1.9 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For glazing to include in maintenance manuals. 
B. Warranties: Executed special warranties. 

1.10 MOCKUPS 

A. Build mockups to demonstrate aesthetic effects and to set quality standards for materials and 
execution. 

1. Install glazing in mockups specified in Division 08 Section "Aluminum Windows", to 
match glazing systems required for Project, including glazing methods. 

2. Subject to compliance with requirements, approved mockups may become part of the 
completed Work if undisturbed at time of Substantial Completion. 

1.11 PRECONSTRUCTION TESTING 

A. Preconstruction Adhesion and Compatibility Testing: Test each glazing product, tape sealant, 
gasket, glazing accessory, and framing member for adhesion to and compatibility with 
elastomeric glazing sealants. 

1. Testing is not required if data are submitted based on previous testing of current sealant 
products and glazing materials matching those submitted. 

2. Use ASTM C1087 to determine whether priming and other specific joint-preparation 
techniques are required to obtain rapid, optimum adhesion of glazing sealants to glazing, 
tape sealants, gaskets, and glazing channel substrates. 

3. Test no fewer than eight Samples of each type of material, including joint substrates, 
shims, sealant backings, secondary seals, and miscellaneous materials. 

4. Schedule enough time for testing and analyzing results. 

5. For materials failing tests, submit sealant manufacturer's written instructions for 
corrective measures including use of specially formulated primers. 

1.12 DELIVERY, STORAGE, AND HANDLING 

A. Protect glazing materials in accordance with manufacturer's written instructions. Prevent 
damage to glass and glazing materials from condensation, temperature changes, direct exposure 
to sun, or other causes. 

B. Maintain protective coverings on glazing to avoid exposures to abrasive substances, excessive 
heat, and other sources of possible deterioration. 
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1.13 FIELD 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. 

1. Do not install glazing sealants when ambient and substrate temperature conditions are 
outside limits permitted by sealant manufacturer or are below 40 deg F. 

1.14 WARRANTY 

A. Manufacturer's Special Warranty for Coated-Glass Products: Manufacturer or 
manufacturer/fabricator, as applicable, agrees to replace coated-glass units that deteriorate 
within specified warranty period. Deterioration of coated glass is defined as defects developed 
from normal use that are not attributed to glass breakage or to maintaining and cleaning coated 
glass contrary to manufacturer's written instructions. Defects include peeling, cracking, and 
other indications of deterioration in coating. 

1. Warranty Period: 10 years from date of Substantial Completion. 

B. Manufacturer's Special Warranty for Insulating Glass: Manufacturer or manufacturer/fabricator, 
as applicable, agrees to replace insulating-glass units that deteriorate within specified warranty 
period. Deterioration of insulating glass is defined as failure of hermetic seal under normal use 
that is not attributed to glass breakage or to maintaining and cleaning insulating glass contrary 
to manufacturer's written instructions. Evidence of failure is obstruction of vision by dust, 
moisture, or film on interior surfaces of glass. 

1. Warranty Period: 10 years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Source Limitations for Glazing:  For each glazing type, obtain from single manufacturer. 
B. Source Limitations for Glazing Accessories: For each product and installation method, obtain 

from single manufacturer. 

2.2 PERFORMANCE REQUIREMENTS 

A. General: Installed glazing systems shall withstand normal thermal movement and wind and 
impact loads (where applicable) without failure, including loss or glass breakage attributable to 
defective manufacture, fabrication, or installation; failure of sealants or gaskets to remain 
watertight and airtight; deterioration of glazing materials; or other defects in construction. 

B. Delegated Design: Engage a qualified professional engineer, as defined in Division 01 
Section "Quality Requirements," to design glazing. 
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C. Structural Performance: Glazing shall withstand the following design loads within limits and 
under conditions indicated determined in accordance with the IBC and ASTM E1300: 

1. Wind Loads: As indicated on Drawings. 

2. Design Snow Loads: As indicated on Drawings. 

3. Maximum Lateral Deflection: For glazing supported on all four edges, limit center-of-
glass deflection at design wind pressure to not more than 1/50 times the short-side length 
or 1 inch, whichever is less. Maintain engagement of the glazing edge with an appropriate 
margin of safety under all conditions. 

4. Thermal Loads: Design glazing to resist thermal stress breakage induced by differential 
temperature conditions and limited air circulation within individual glass lites and 
insulated glazing units. 

D. Safety Glazing: Where safety glazing is indicated, provide glazing that complies with 
16 CFR 1201, Category II. 

E. Thermal and Optical Performance Properties: Provide glazing with performance properties 
specified, as indicated in manufacturer's published test data, based on procedures indicated 
below: 

1. For insulating-glass units, properties are based on units of thickness indicated for overall 
unit and for each lite. 

2. U-Factors: Center-of-glazing values, in accordance with NFRC 100 and based on most 
current non-beta version of LBL's WINDOW computer program, expressed as Btu/sq. ft. 
x h x deg F. 

3. SHGC and Visible Transmittance: Center-of-glazing values, in accordance with 
NFRC 200 and based on most current non-beta version of LBL's WINDOW computer 
program. 

2.3 GLAZING PRODUCTS, GENERAL 

A. Glazing Publications: Comply with published recommendations of glazing product 
manufacturers and organizations below unless more stringent requirements are indicated. See 
these publications for glazing terms not otherwise defined in this Section or in referenced 
standards. 

1. NGA Publications: "Glazing Manual." 
2. AAMA Publications: AAMA GDSG-1, "Glass Design for Sloped Glazing," and 

AAMA TIR A7, "Sloped Glazing Guidelines." 
3. IGMA Publication for Insulating Glass: SIGMA TM-3000, "North American Glazing 

Guidelines for Sealed Insulating Glass Units for Commercial and Residential Use." 

B. Insulating-Glass Certification Program: Permanently marked either on spacers or on at least one 
component lite of units with appropriate certification label of the IGCC. 
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C. Thickness: Where glazing thickness is indicated, it is a minimum. Provide glazing that complies 
with performance requirements and is not less than thickness indicated. 

1. Minimum Glass Thickness for Exterior Lites: 6 mm. 
2. Thickness of Tinted Glass: Provide same thickness for each tint color indicated 

throughout Project. 

D. Strength: Where heat-strengthened float glass is indicated, provide heat-strengthened float glass 
as needed to comply with "Performance Requirements" Article. Where fully tempered float 
glass is indicated, provide fully tempered float glass. 

2.4 GLASS PRODUCTS 

A. Clear Annealed Float Glass: ASTM C1036, Type I, Class 1 (clear), Quality-Q3. 

B. Fully Tempered Float Glass: ASTM C1048, Kind FT (fully tempered), Condition A (uncoated) 
unless otherwise indicated, Type I, Class 1 (clear) or Class 2 (tinted) as indicated, Quality-Q3. 

1. Fabrication Process: By horizontal (roller-hearth) process with roll-wave distortion 
parallel to bottom edge of glass as installed unless otherwise indicated. 

2. Clear Glass:  

a. Type FC:  Fully tempered clear float glass. 

1) Products: Subject to compliance with requirements, available products that 
may be incorporated in the Work, include, but are not limited to: 

a) AGC Glass Company North America, Inc.; Clear Float. 
b) Guardian Glass, LLC; Clear Float. 
c) Vitro Architectural Glass; Clear. 

2) Minimum Thickness:  6 mm. 

3) Safety glazing required. 

b. Type FCE: Fully tempered clear float glass with low-e coating, ASTM C1376. 

1) Products: Subject to compliance with requirements, available products that 
may be incorporated in the Work, include, but are not limited to: 

a) AGC Glass Company North America, Inc.; Energy Select 28. 
b) Guardian Glass, LLC; SunGuard SNX 62/27 on Clear Float. 
c) Vitro Architectural Glass; Solarban 70. 

2) Minimum Thickness: 6 mm. 

3) Safety glazing required. 
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2.5 INSULATING GLASS 

A. Insulating-Glass Units: Factory-assembled units consisting of sealed lites of glass separated by a 
dehydrated interspace, qualified in accordance with ASTM E2190. 

1. Sealing System: Dual seal, with manufacturer's standard primary and secondary sealants. 
2. Perimeter Spacer: Manufacturer's standard spacer material and construction. 
3. Desiccant: Molecular sieve or silica gel, or a blend of both. 
4. Interspace Content: Argon (90 percent)/air (10 percent) mix. 

B. Insulating Vision Glass: 

1. Type FCE/FC: Low-e-coated, clear insulating glass. 

a. Overall Unit Thickness: 1 inch. 
b. Outdoor Lite: Fully tempered clear float glass with low-e coating, Type FCE. 
c. Low-E Coating: Sputtered on second surface. 
d. Interspace Content:  Argon. 
e. Indoor Lite: Fully tempered clear float glass, Type FC. 
f. Winter Nighttime U-Factor: 0.24 Btu/sq. ft. x h x deg F maximum. 
g. SHGC: 0.28 maximum. 
h. Visible Light Transmittance: 62 percent minimum. 

2.6 GLAZING SEALANTS 

A. General: 

1. Compatibility: Compatible with one another and with other materials they contact, 
including glazing 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 glazing manufacturers' written instructions for 
selecting glazing sealants suitable for applications indicated and for conditions existing at 
time of installation. 

3. Sealant shall have a VOC content of 250 g/L or less. 

4. Colors of Exposed Glazing Sealants:  As selected by Architect from manufacturer's full 
range of industry colors. 

2.7 GLAZING TAPES 

A. Back-Bedding Mastic Glazing Tapes: Preformed, butyl-based, 100 percent solids elastomeric 
tape; nonstaining and nonmigrating in contact with nonporous surfaces; with or without spacer 
rod as recommended in writing by tape and glazing manufacturers for application indicated; and 
complying with ASTM C1281 and AAMA 800 for products indicated below: 

1. AAMA 806.3 tape, for glazing applications in which tape is subject to continuous 
pressure. 
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B. Expanded Cellular Glazing Tapes: Closed-cell, PVC foam tapes; factory coated with adhesive 
on both surfaces; and complying with AAMA 800 for the following types: 

1. AAMA 810.1, Type 1, for glazing applications in which tape acts as primary sealant. 
2. AAMA 810.1, Type 2, for glazing applications in which tape is used in combination with 

a full bead of liquid sealant. 

2.8 MISCELLANEOUS GLAZING MATERIALS 

A. General: Provide products of material, size, and shape complying with referenced glazing 
standard, recommended in writing by 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: 

1. Elastomeric material with Shore A durometer hardness of 85, plus or minus 5. 
2. Type recommended in writing by sealant or glazing manufacturer. 

D. Spacers: 

1. Elastomeric blocks or continuous extrusions of hardness required by glazing 
manufacturer to maintain glazing lites in place for installation indicated. 

2. Type recommended in writing by sealant or glazing manufacturer. 

E. Edge Blocks: 

1. Elastomeric material with Shore A durometer hardness per manufacturer's written 
instructions. 

2. Type recommended in writing by sealant or glazing manufacturer. 

F. Cylindrical Glazing Sealant Backing: ASTM C1330, Type O (open-cell material), of size and 
density to control glazing sealant depth and otherwise produce optimum glazing sealant 
performance. 

2.9 GLAZING ACCESSORIES FOR FIRE-RATED GLAZING PRODUCTS 

A. Provide glazing gaskets, glazing sealants, glazing tapes, setting blocks, spacers, edge blocks, 
and other glazing accessories that are compatible with glazing products and each other and are 
approved by testing agencies that listed and labeled fire-rated glazing products with which 
products are used for applications and fire ratings indicated. 

B. Glazing Sealants for Fire-Rated Glazing Products: Neutral-curing silicone glazing sealant 
complying with ASTM C920, Type S, Grade NS, Class 50, Use NT. Comply with sealant and 
glass manufacturers’ written instructions for selecting glazing sealants suitable for applications 
indicated. 
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1. Colors of Exposed Glazing Sealants: As selected by Architect from manufacturer’s full 
range.  

C. Perimeter Insulation for Fire-Rated Glazing: Product that is approved by testing agency that 
listed and labeled fire-rated glazing product with which it is used for application and fire rating 
indicated. 

2.10 FABRICATION OF GLAZING UNITS 

A. Fabricate glazing units in sizes required to fit 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 publications, to comply with system performance 
requirements. 

1. Allow for thermal movements from ambient and surface temperature changes acting on 
framing members and glazing components. 

a. Temperature Change: 120 deg F, ambient; 180 deg F, material surfaces. 

B. Clean-cut or flat-grind vertical edges of butt-glazed monolithic lites to produce square edges 
with slight chamfers at junctions of edges and faces. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine framing, glazing channels, and stops, 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 systems. 
3. Minimum required face and edge clearances. 
4. Minimum required bite. 
5. Effective sealing between joints of framing members. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

C. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 PREPARATION 

A. Clean glazing channels and other framing members receiving glazing immediately before 
glazing. Remove coatings not firmly bonded to substrates. 

B. Examine glazing units to locate exterior and interior surfaces. Label or mark units as needed so 
that exterior and interior surfaces are readily identifiable. Do not use materials that leave visible 
marks in the completed Work. 
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C. For fire-rated glazing units, examine glazing units to locate fire side and protected side. Label or 
mark units as needed so that fire side and protected side are readily identifiable. Do not use 
materials that leave visible marks in the completed Work. 

D. For laminated-glass security glazing, examine glazing units to locate attack or threat side and 
protected side. Label or mark units as needed so that attack or threat side and protected side are 
readily identifiable. Do not leave visible marks in the completed Work. 

3.3 GLAZING, GENERAL 

A. Comply with combined written instructions of manufacturers of glazing, sealants, gaskets, and 
other glazing materials, unless more stringent requirements are indicated, including those in 
referenced glazing publications. 

B. Protect glazing edges from damage during handling and installation. Remove damaged glazing 
from Project site and legally dispose of off Project site. Damaged glazing includes glazing with 
edge damage or other imperfections that, when installed, could weaken glazing, impair 
performance, or impair appearance. 

C. Apply primers to joint surfaces where required for adhesion of sealants, as determined by 
preconstruction testing. 

D. Install setting blocks in sill rabbets, sized and located to comply with referenced glazing 
publications, unless otherwise required by glazing manufacturer. Set blocks in thin course of 
compatible sealant suitable for heel bead. 

E. Do not exceed edge pressures stipulated by glazing manufacturers for installing glazing lites. 

F. Provide spacers for glazing lites where length plus width is larger than 50 inches. 

1. Locate spacers directly opposite each other on both inside and outside faces of glazing. 
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-minimum bite of spacers on glazing and use thickness equal to sealant 
width. With glazing tape, use thickness slightly less than final compressed thickness of 
tape. 

G. Provide edge blocking where indicated or needed to prevent glazing lites from moving sideways 
in glazing channel, as recommended in writing by glazing manufacturer and in accordance with 
requirements in referenced glazing publications. 

H. Set glazing lites in each series with uniform pattern, draw, bow, and similar characteristics. 

I. Set glazing lites with proper orientation so that coatings face exterior or interior as specified. 

J. For fire-resistant glazing, set glass lites with proper orientation so that surfaces face fire side or 
protected side as specified. 
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K. For security glazing, set glazing lites with proper orientation so that surfaces face attack or 
threat side or protected side as specified. 

L. 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. 

M. 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 in writing by gasket manufacturer. 

3.4 TAPE GLAZING 

A. Position tapes on fixed stops so that, when compressed by glazing, 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. 

C. Cover vertical framing joints by applying tapes to heads and sills first, then to jambs. Cover 
horizontal framing joints by applying tapes to jambs, 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 right before each glazing unit is installed. 

F. Center glazing 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. 

3.5 GASKET GLAZING (DRY) 

A. Cut compression gaskets to lengths recommended by gasket manufacturer to fit openings 
exactly, with allowance for stretch during installation. 

B. Insert soft compression gasket between glazing and frame or fixed stop so it is securely in place 
with joints miter cut and bonded together at corners. 

C. Installation with Drive-in Wedge Gaskets: Center glazing 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 in 
writing by gasket manufacturer. 
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D. Installation with Pressure-Glazing Stops: Center glazing lites in openings on setting blocks, and 
press firmly against soft compression gasket. Install dense compression gaskets and pressure-
glazing stops, applying pressure uniformly to compression gaskets. Compress gaskets to 
produce a weathertight seal without developing bending stresses in glass. Seal gasket joints with 
sealant recommended in writing by gasket manufacturer. 

E. 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 
glazing lites and glazing stops to maintain glazing face clearances and to prevent sealant from 
extruding into glazing 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 glazing and channel surfaces. 

C. Tool exposed surfaces of sealants to provide a substantial wash away from glazing. 

3.7 CLEANING AND PROTECTION 

A. Immediately after installation, remove nonpermanent labels and clean surfaces. 

B. Protect glazing from contact with contaminating substances resulting from construction 
operations. Examine glazing surfaces adjacent to or below exterior concrete and other masonry 
surfaces at frequent intervals during construction, but not less than once a month, for buildup of 
dirt, scum, alkaline deposits, or stains. 

1. If, despite such protection, contaminating substances do contact with glazing, remove 
substances immediately as recommended in writing by glazing manufacturer. Remove 
and replace glazing that cannot be cleaned without damage to coatings. 

C. Remove and replace glazing that is damaged during construction period. 

D. Wash glazing on both exposed surfaces not more than four days before date scheduled for 
inspections that establish date of Substantial Completion. Wash glazing as recommended in 
writing by glazing manufacturer. 

END OF SECTION 08 80 00 
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SECTION 09 22 16 - NON-STRUCTURAL METAL FRAMING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: Non-load-bearing steel framing system for exterior soffits. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals and informational submittals required by this Section 
concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1. Steel studs and tracks. 

1.5 INFORMATIONAL SUBMITTALS 

A. Product Certificates: For each type of code-compliance certification for studs and tracks. 

1.6 QUALITY ASSURANCE 

A. Code-Compliance Certification of Studs and Tracks: Provide documentation that framing 
members are certified according to the product-certification program of the Certified Steel Stud 
Association or the Steel Framing Industry Association. 

PART 2 - PRODUCTS 

2.1 FRAMING SYSTEMS 

A. Framing Members, General: Comply with ASTM C754 for conditions indicated. 

1. Steel Sheet Components: Comply with ASTM C645 requirements for steel unless 
otherwise indicated. 

09 22 16 
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2. Protective Coating: ASTM A653/A653M, G40, hot-dip galvanized unless otherwise 
indicated. 

B. Studs and Tracks: ASTM C645. 

1. Steel Studs and Tracks: 

a. Minimum Base-Steel Thickness:  0.0329 inch. 
b. Depth: As indicated on Drawings. 
c. Minimum Track Leg Length: 1-1/4 inches. 

2.2 AUXILIARY MATERIALS 

A. General: Provide auxiliary materials that comply with referenced installation standards. 

1. Fasteners for Steel Framing: Of type, material, size, corrosion resistance, holding power, 
and other properties required to fasten steel members to substrates. 

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. 

C. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 INSTALLATION, GENERAL 

A. Installation Standard: ASTM C754. 

1. Gypsum Board Assemblies: Also comply with requirements in ASTM C840 that apply to 
framing installation. 

B. Install framing and accessories plumb, square, and true to line, with connections securely 
fastened. 

C. Install supplementary framing, and blocking to support fixtures, equipment services, heavy trim, 
grab bars, toilet accessories, furnishings, or similar construction. 

D. Install bracing at terminations in assemblies. 

E. Do not bridge building control and expansion joints with non-load-bearing steel framing 
members. Frame both sides of joints independently. 
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3.3 INSTALLING FRAMED ASSEMBLIES 

A. Install framing system components according to spacings indicated, but not greater than 
spacings required by referenced installation standards for assembly types. 

1. Single-Layer Application:  16 inches o.c. unless otherwise indicated. 
2. Multilayer Application:  16 inches o.c. unless otherwise indicated. 

B. Where studs are installed directly against exterior masonry walls or dissimilar metals at exterior 
walls, install isolation strip between studs and exterior wall. 

C. Install studs so flanges within framing system point in same direction. 

D. Install tracks at floors and overhead supports. Extend framing full height to structural supports 
or substrates above suspended ceilings. Continue framing around ducts that penetrate partitions 
above ceiling. 

1. 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. 

E. Installation Tolerance: Install each framing member so fastening surfaces vary not more than 
1/8 inch from the plane formed by faces of adjacent framing. 

3.4 PRE-ENCLOSURE REVIEW 

A. Notify Architect prior to installing enclosing construction to allow observation of non-structural 
metal framing installation, including supplementary framing and blocking. 

END OF SECTION 09 22 16 
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SECTION 09 29 00 - GYPSUM BOARD 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: Interior gypsum board. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals required by this Section concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Interior trim. 
2. Aluminum trim. 
3. Joint treatment materials. 

B. As-Specified Data: If the product to be incorporated into Project is a specified by manufacturer 
name and product designation in Part 2 of this Specification Section, submit “As-Specified 
Verification Form” (attached to Division 01 Section “Submittal Procedures”) for each item 
listed below; otherwise submit full Product Data for the following: 

1. Gypsum board, Type X. 

1.5 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. 

1.6 FIELD CONDITIONS 

A. Environmental Limitations: Comply with ASTM C840 requirements or gypsum board 
manufacturer's written instructions, whichever are more stringent. 

B. Do not install paper-faced gypsum panels until installation areas are enclosed and conditioned. 

09 29 00 



 
GYPSUM BOARD  Tetra Tech 

09 29 00 / Page 2 Project No. 203778-21001 Architects & Engineers 

C. Do not install 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. 

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 E119 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. Gypsum Board, Type X: ASTM C1396/C1396M. 

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 Gypsum, Saint-Gobain; Type X Gypsum Board. 
b. National Gypsum Company; Gold Bond Brand Fire-Shield Gypsum Board. 
c. USG Corporation; Sheetrock Brand Firecode X Panels. 

2. Thickness: 5/8 inch. 

3. Long Edges: Tapered. 

2.4 TRIM ACCESSORIES 

A. Interior Trim: ASTM C1047. 

1. Material:  Galvanized or aluminum-coated steel sheet or rolled zinc.  

2. Shapes: 

a. Cornerbead. 
b. LC-Bead: J-shaped; exposed long flange receives joint compound. 
c. L-Bead: L-shaped; exposed long flange receives joint compound. 
d. Expansion (control) joint. 
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B. Aluminum Trim: Extruded accessories of profiles and dimensions 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. Fry Reglet Corporation. 
b. Gordon, Inc. 
c. Pittcon Industries. 

2. Aluminum: Alloy and temper with not less than the strength and durability properties of 
ASTM B221, Alloy 6063-T5. 

3. Finish: Corrosion-resistant primer compatible with joint compound and finish materials 
specified. 

2.5 JOINT TREATMENT MATERIALS 

A. General: Comply with ASTM C475/C475M. 

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 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 setting-type taping compound. 
3. Fill Coat: For second coat, use drying-type, all-purpose compound. 
4. Finish Coat: For third coat, use drying-type, all-purpose compound. 

2.6 AUXILIARY MATERIALS 

A. General: Provide auxiliary materials that comply with referenced installation standards and 
manufacturer's written instructions. 

B. Steel Drill Screws: ASTM C1002 unless otherwise indicated. 
C. Thermal Insulation: As specified in Division 07 Section "Thermal Insulation." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and substrates including welded hollow-metal frames and support framing, with 
Installer present, for compliance with requirements and other conditions affecting performance 
of the Work. 
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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. 

D. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 PRE-ENCLOSURE REVIEW 

A. Notify Architect prior to applying panels to allow observation of framing installation, including 
supplementary framing and blocking. 

3.3 APPLYING AND FINISHING PANELS, GENERAL 

A. Comply with ASTM C840. 

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 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. 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-wide joints to install sealant. 

G. Isolate perimeter of gypsum board applied to non-load-bearing partitions at structural 
abutments. Provide 1/4- to 1/2-inch-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. 

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. 
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I. Stud Partition 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 C919 
and with manufacturer's written instructions for locating edge trim and closing off sound-
flanking paths around or through assemblies, including sealing partitions above acoustical 
ceilings. 

3.4 APPLYING INTERIOR GYPSUM BOARD 

A. Install interior gypsum board in the following locations: 

1. Type X:  All surfaces unless otherwise 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. On Z-shaped furring members, apply gypsum panels vertically (parallel to framing) with 
no end joints. Locate edge joints over furring members. 

4. Fastening Methods: Apply gypsum panels to supports with steel drill screws. 

3.5 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 C840 and in specific locations 
approved by Architect for visual effect. 

C. Interior Trim: Install in the following locations: 

1. Cornerbead: Use at outside corners unless otherwise indicated. 
2. LC-Bead: Use at exposed panel edges. 
3. L-Bead: Use where indicated. 

D. Aluminum Trim: Install in locations indicated on Drawings. 
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3.6 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 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 C840: 

1. Level 1: Ceiling plenum areas, concealed areas, and where indicated. 
2. Level 4: At panel surfaces that will be exposed to view unless otherwise indicated. 

3.7 PROTECTION 

A. Protect adjacent surfaces from drywall compound and promptly remove from floors and other 
non-drywall surfaces. Restore 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 09 29 00 
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SECTION 09 65 13 - RESILIENT BASE AND ACCESSORIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Resilient base. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals (except Samples for Verification) required by this Section 
concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

1. Resilient base: rubber RB. 
2. Adhesives. 

B. Samples for Verification and Initial Color Selection:  

1. For each type of product indicated, in manufacturer's standard-size Samples but not less 
than 2-1/2 inches long, of each resilient product color, texture, and pattern required. 

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. Furnish not less than 10 linear feet for every 500 linear feet or fraction thereof, of each 
type, color, pattern, and size of resilient product installed. 

1.6 QUALITY ASSURANCE 

A. Source Limitations for Resilient Base and Accessories:  Obtain each type of resilient base and 
accessories from a single source with resources to provide materials of consistent quality in 
appearance and physical properties. 

09 65 13 
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B. Fire-Test-Response Characteristics:  As determined by testing identical products according to 
ASTM E 648 or NFPA 253 by a qualified testing agency. 

1. Critical Radiant Flux Classification:  Class I, not less than 0.45 W/sq. cm. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Store resilient products and installation materials in dry spaces protected from the weather, with 
ambient temperatures maintained within range recommended by manufacturer, but not less than 
55 deg F or more than 90 deg F. 

1.8 PROJECT CONDITIONS 

A. Maintain ambient temperatures within range recommended by manufacturer, but not less than 
70 deg F or more than 90 deg F, in spaces to receive resilient products during the following time 
periods: 

1. 48 hours before installation. 
2. During installation. 
3. 48 hours after installation. 

B. Until Substantial Completion, maintain ambient temperatures within range recommended by 
manufacturer, but not less than 55 deg F or more than 90 deg F. 

C. Install resilient products after other finishing operations, including painting, have been 
completed. 

PART 2 - PRODUCTS 

2.1 RESILIENT BASE: RUBBER RB  

A. Resilient Base: 

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. Mannington Commercial; Premium Rubber Edge. 
b. Johnsonite; Rubber Wall Base. 
c. Roppe Corporation, USA; Pinnacle Series Rubber Wall Base 

B. Resilient Base Standard:  ASTM F 1861. 

1. Material Requirement:  Type TP (rubber, thermoplastic). 
2. Manufacturing Method:  Group I (solid, homogeneous). 
3. Style:  Cove (base with toe). 

C. Minimum Thickness:  0.125 inch. 
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D. Height:  4 inches, 6 inches – verify in field to match existing. 

E. Base type: Straight or Cove – verify in field to match existing. 

F. Lengths:  Verify in field to match existing. 

G. Outside Corners:  Job formed. 

H. Inside Corners:  Job formed. 

I. Colors and Patterns:  As selected by Architect from full range of industry colors. 

2.2 INSTALLATION MATERIALS 

A. Trowelable Leveling and Patching Compounds:  Latex-modified, portland cement based or 
blended hydraulic-cement-based formulation provided or approved by manufacturer for 
applications indicated. 

1. Basis-of-Design Products: Subject to compliance with requirements, provide the 
following Ardex product or a comparable product: 

a. Portland Cement-Based Flash Patching and Skim Coating: SD-F Feather Finish. 
b. Portland Cement-Based Patching: SD-P Insta Patch. 
c. Portland Cement-Based Self-Leveling Underlayment: K-10/K-60 Self-Leveling 

Underlayment Concrete. 

B. Adhesives:  Water-resistant type recommended by manufacturer to suit resilient products and 
substrate conditions indicated. 

1. Adhesives shall have a VOC content of 50 g/L or less when calculated according to 
40 CFR 59, Subpart D (EPA Method 24). 

2. Adhesives 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." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, with Installer present, for compliance with requirements for maximum 
moisture content and other conditions affecting performance of the Work. 

B. Verify that finishes of substrates comply with tolerances and other requirements specified in 
other Sections and that substrates are free of cracks, ridges, depressions, scale, and foreign 
deposits that might interfere with adhesion of resilient products. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

D. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 
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3.2 PREPARATION 

A. Prepare substrates according to manufacturer's written instructions to ensure adhesion of 
resilient products. 

B. Fill cracks, holes, and depressions in substrates with trowelable leveling and patching 
compound and remove bumps and ridges to produce a uniform and smooth substrate. 

C. Do not install resilient products until they are same temperature as the space where they are to 
be installed. 

1. Move resilient products and installation materials into spaces where they will be installed 
at least 48 hours in advance of installation. 

D. Sweep and vacuum clean substrates to be covered by resilient products immediately before 
installation. Following cleaning, examine substrates for moisture, alkaline salts, carbonation, or 
dust. 

3.3 RESILIENT BASE INSTALLATION 

A. Comply with manufacturer's written instructions for installing resilient base. 

B. Apply resilient base to walls, columns, pilasters, casework and cabinets in toe spaces, and other 
permanent fixtures in rooms and areas where base is required. 

C. Install resilient base in lengths as long as practicable without gaps at seams and with tops of 
adjacent pieces aligned. 

D. Tightly adhere resilient base to substrate throughout length of each piece, with base in 
continuous contact with horizontal and vertical substrates. 

E. Do not stretch resilient base during installation. 

F. On masonry surfaces or other similar irregular substrates, fill voids along top edge of resilient 
base with manufacturer's recommended adhesive filler material. 

G. Job-Formed Corners- using manufactures approved methods and tools: 

1. Outside Corners:  Use straight pieces of maximum lengths possible.  Form without 
producing discoloration (whitening) at bends.  

2. Inside Corners:  Use straight pieces of maximum lengths possible. Use scribing and 
cutting measures approved by base manufacturer. Inside corners that are not scribed to fit 
will be rejected. 

3. Use Crane #532 top-set gouger tool for all required for tight wrap and curved corners. 

3.4 RESILIENT ACCESSORY INSTALLATION 

A. Comply with manufacturer's written instructions for installing resilient accessories. 
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3.5 CLEANING AND PROTECTION 

A. Comply with manufacturer's written instructions for cleaning and protection of resilient 
products. 

B. Perform the following operations immediately after completing resilient product installation: 

1. Remove adhesive and other blemishes from exposed surfaces. 
2. Sweep and vacuum surfaces thoroughly. 
3. Damp-mop surfaces to remove marks and soil. 
4. Do not wash floor until after the period recommended by manufacturer. 

C. Protect resilient products from mars, marks, indentations, and other damage from construction 
operations and placement of equipment and fixtures during remainder of construction period. 

D. Cover resilient products until Substantial Completion. 

END OF SECTION 09 65 13 
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SECTION 09 91 00 – PAINTING  

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes surface preparation and application of paint systems, for the following: 

1. Interior applications. 
 
a. Painting systems indicated on Drawings and in Schedules applied to new and 

existing exterior and interior surfaces and related components including but not 
limited to items such as hollow metal doors frames, doors, access doors, trim 
pieces, window sash, trim and previously painted cabinet heater/fin tube 
enclosures, exposed ductwork etc., unless otherwise indicated, including 
appropriate surface preparation for all new or existing surfaces to be painted 
including previously painted surfaces and surfaces with existing wall coverings 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals (except Samples for Verification) and informational 
submittals required by this Section concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product for substrates indicated.  Include preparation 
requirements and application instructions. Include all paint products under one cover sheet.  

1. Interior gypsum board. 

B. Samples for Verification and Initial Color Selection:  For each type of finish system and in each 
color and gloss of finish indicated. 

1. Submit Samples on rigid backing, 8 inches 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. 

C. Product List:  For each product indicated, include the following: 

1. Cross-reference to finish system and locations of application areas.  Use same 
designations indicated on Drawings and in schedules. 

09 91 00 
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2. VOC content. Tints and /or colorant shall add no additional VOC to final product. 
Provide 3rd party certification of VOC content. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For applicator. 

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. Paint:  10 percent, but not less than 1 gal. of each material and color applied. 
2. Stains and Transparent Finishes:  10 percent, but not less than 1 gal. of each material and 

color applied. 

1.7 QUALITY ASSURANCE 

A. Applicator Qualifications:  A firm or individual, experienced in applying finishes specified in 
this Section, who has successfully completed a minimum of five previous projects similar in 
nature, size, and extent to this Project; familiar with special requirements indicated; and with 
sufficient trained staff to apply manufacturer's products according to specified requirements.  

1.8 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. 

1. Maintain containers in clean condition, free of foreign materials and residue. 
2. Remove rags and waste from storage areas daily. 

1.9 FIELD CONDITIONS 

A. Apply finishes only when temperature of surfaces to be coated and surrounding air temperatures 
are between 50 and 95 deg F. 

B. Do not apply finishes when relative humidity exceeds 85 percent; at temperatures less than 5 
deg F above the dew point; or to damp or wet surfaces. 

C. Do not apply exterior finishes in snow, rain, fog, or mist. 
D. Lighting:  Do not install finishes until a lighting level of not less than 80 fc is provided on the 

surfaces to receive finishing. 



Tetra Tech PAINTING 
Architects & Engineers Project No. 203778-21001 09 91 00 / Page 3 

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 the following: 

1. Benjamin Moore & Co. 
2. PPG Architectural Finishes, Inc. 
3. Sherwin-Williams Company (The). 

B. Submittals containing manufactures other than stated above, will require a product by product 
comparison for each type of paint. All Comparable equals are to be matched with corresponding 
Sherwin Williams specified products. 

C. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include but are not limited to products listed in Part 3 articles for the 
application indicated. 

2.2 MATERIALS, GENERAL 

A. Material Compatibility: 

1. Provide materials for use within each finish 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 finish system, provide products recommended in writing by 
manufacturers of topcoat for use in finish system and on substrate indicated. 

3. Provide products of same manufacturer for each coat in a finish system. 

4. “All-in-one” paint and primer products are not acceptable.  

B. VOC Compliance:  All paint products shall meet New York requirements for Volatile Organic 
Compound (VOC) and Ozone Transport Commission (OTC) regulations, January 2005. 

C. Colors:  As selected by Architect from manufacturer's full range. 

1. 25 percent of surface area will be painted with deep tones. 

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 the Work. 
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1. Maximum Moisture Content of Substrates:  When measured with an electronic moisture 
meter as follows: 

a. Gypsum Board:  12 percent. 

B. Gypsum Board Substrates:  Verify that finishing compound is sanded smooth. 

C. Verify suitability of substrates, including surface conditions and compatibility with existing 
finishes and primers. 

D. Proceed with coating application only after unsatisfactory conditions have been corrected. 

1. Beginning coating application constitutes Contractor's acceptance of substrates and 
conditions. 

3.2 PREPARATION 

A. Remove hardware, covers, plates, and similar items already in place that are removable and are 
not to be finished.  If removal is impractical or impossible because of size or weight of item, 
provide surface-applied protection before surface preparation and finishing. 

1. After completing finishing operations, use workers skilled in the trades involved to 
reinstall items that were removed.  Remove surface-applied protection. 

B. Clean substrates of substances that could impair bond of finishes, including dust, dirt, oil, 
grease, and incompatible paints and encapsulants. 

1. Remove incompatible primers and reprime substrate with compatible primers or apply tie 
coat as required to produce finish systems indicated. 

3.3 APPLICATION 

A. Apply finishes according to manufacturer's written instructions. 

1. Use applicators and techniques suited for finish 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. Do not apply paints over labels of independent testing agencies or equipment name, 
identification, performance rating, or nomenclature plates. 

B. Tint each undercoat a lighter shade to facilitate identification of each coat if multiple coats of 
the same material are to be applied.  Tint undercoats to match color of finish coat but provide 
sufficient difference in shade of undercoats to distinguish each separate coat. 

C. If undercoats or other conditions show through final coat, apply additional coats until cured film 
has a uniform coating finish, color, and appearance. 
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D. Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush marks, 
runs, sags, ropiness, or other surface imperfections.  Produce sharp glass lines and color breaks. 

E. Alterations:  Finish new surfaces adjacent to unaltered existing surfaces with finish of same type 
and surface texture as corresponding adjacent surfaces, unless otherwise indicated.  Finish 
patched, damaged, or extended surfaces to match existing surfaces. 

F. Painting Fire Suppression, Plumbing, HVAC, Electrical, Communication, and Electronic Safety 
and Security Work: 

1. Paint the following work where exposed in equipment rooms: 

a. Equipment, including panelboards and switch gear. 
b. Uninsulated metal piping. 
c. Uninsulated plastic piping. 
d. Pipe hangers and supports. 
e. Metal conduit. 
f. Plastic conduit. 
g. Tanks that do not have factory-applied final finishes. 
h. Duct, equipment, pipe and insulation having cotton or canvas insulation covering 

or another paintable jacket material. 

2. Paint the following work where exposed in occupied spaces: 

a. Equipment, including panelboards. 
b. Uninsulated metal piping. 
c. Uninsulated plastic piping. 
d. Pipe hangers and supports. 
e. Metal conduit. 
f. Plastic conduit. 
g. Duct, equipment, and pipe insulation having cotton or canvas insulation covering 

or another paintable jacket material. 
h. Other items as directed by Architect. 

3. Paint portions of internal surfaces of metal ducts, without liner, behind air inlets and 
outlets that are visible from occupied spaces. 

3.4 FIELD QUALITY CONTROL 

A. Dry Film Thickness Testing:  Owner will engage the services of a qualified testing and 
inspecting agency to inspect and test paint for dry film thickness. 

1. Contractor shall touch up and restore painted surfaces damaged by testing. 

2. If test results show that dry film thickness of applied paint does not comply with paint 
manufacturer's written recommendations, Contractor shall pay for testing and apply 
additional coats as needed to provide dry film thickness that complies with paint 
manufacturer's written recommendations. 
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3.5 CLEANING AND PROTECTION 

A. At end of each workday, remove rubbish, empty cans, rags, and other discarded materials from 
Project site. 

B. After completing coating application, clean spattered surfaces.  Remove spattered coatings by 
washing, scraping, or other methods.  Do not scratch or damage adjacent finished surfaces. 

C. Protect work of other trades against damage from finish operation.  Correct damage by cleaning, 
repairing, replacing, and recoating, 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 finished surfaces. 

3.6 INTERIOR PAINTING SCHEDULE 

A. Gypsum Board Substrates: 

1. First Coat: 

a. Benjamin Moore & Co.; Fresh Start Multi-Purpose Latex N023. 
b. PPG Paints: Speedhide Interior Latex Primer/Sealer 6-2 
c. Sherwin-Williams Company (The); Pro Mar 200 Wall Primer (B28W02600.) 

2. Second and Third Coats (Eggshell): 

a. Benjamin Moore & Co.; N538 Ultra Spec 500 Interior Eggshell. 
b. PPG Paints: Speedhide Interior Latex Eggshell 6-411. 
c. Sherwin-Williams Company (The); Pro Mar 200 Zero VOC Interior Latex Low 

Sheen (B20-Series.) 

B. Gypsum Board Substrates (Deep Tone Accent Colors):  

1. First Coat: Use tinted primer. 

a. Benjamin Moore & Co.; Fresh Start Multi-Purpose Latex N023. 
b. PPG Paints: Speedhide Interior Latex Primer/Sealer 6-2. 
c. Sherwin-Williams Company (The); Pro Mar 200 Wall Primer (B28W8200). 

2. Second and Third Coats (Eggshell): Additional coats may be required. 

a. Benjamin Moore & Co.; N538 Ultra Spec 500 Interior Eggshell. 
b. PPG Paints: Speedhide Interior Latex Eggshell 6-411. 
c. Sherwin-Williams Company (The); Pro Mar 200 0 VOC Interior Latex Low Sheen 

(B24-2600 Series). 

END OF SECTION 09 91 00 
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SECTION 09 96 00 – HIGH-PERFORMANCE COATINGS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes surface preparation and application of high-performance coating systems, for 
the following: 

1. Exterior applications. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals (except Samples for Verification) and informational 
submittals required by this Section concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product for substrates indicated.  Include preparation 
requirements and application instructions. Include all paint products under one cover sheet.  

1. Exterior steel. 

B. Samples for Verification and Initial Selection:  For each type of coating system and in each 
color and gloss of topcoat indicated. 

1. Submit Samples on rigid backing, 8 inches 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. 

C. 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. VOC content. 

09 96 00 
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D. Coatings Maintenance Manual:  

1. Upon conclusion of the project, the contractor or paint manufacture/supplier shall furnish 
a coatings maintenance manual such as Sherwin Williams “Custodian Project Color and 
Product Information” report. Manual shall include an Area Summary with finish 
schedule, Area Detail designating where each product/color/finish was used, product data 
pages, Material Safety Data Sheets, care and cleaning instructions. Touch up procedures 
and color samples of each color and finish used. All information contained in a self-
bound 3 ring hole punched catalog. 

1.5 QUALITY ASSURANCE 

A. Qualification Data: For applicator. 

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. Coatings:  10 percent, but not less than 1 gal. of each material and color applied. 

1.7 QUALITY ASSURANCE 

A. Applicator Qualifications:  A firm or individual, experienced in applying high performance 
coatings specified in this Section, who has successfully completed a minimum of five previous 
projects similar in nature, size, and extent to this Project; familiar with special requirements 
indicated; and with sufficient trained staff to apply manufacturer's products according to 
specified requirements.  

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Store materials in tightly covered containers in well-ventilated areas with ambient temperatures 
continuously maintained at not less than 45 deg F. 

1. Maintain containers in clean condition, free of foreign materials and residue. 
2. Remove rags and waste from storage areas daily. 

1.9 FIELD CONDITIONS 

A. Apply coatings only when temperature of surfaces to be coated and surrounding air 
temperatures are between 50 and 95 deg F. 

B. Do not apply coatings when relative humidity exceeds 85 percent; at temperatures less than 5 
deg F above the dew point; or to damp or wet surfaces. 

C. Do not apply exterior coatings in snow, rain, fog, or mist. 
D. Lighting:  Do not install high-performance coatings until a lighting level of not less than 80 fc is 

provided on the surfaces to receive coating. 
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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 the following: 

1. Benjamin Moore & Co. 
2. Sherwin-Williams Company (The). 
3. Tnemec Inc. 

B. Submittals containing manufactures other than stated above, will require a product by product 
comparison for each type of paint. All Comparable equals are to be matched with corresponding 
Sherwin Williams’s specified products. 

C. Products: Subject to compliance with requirements, available products that may be incorporated 
into the Work include but are not limited to products listed in Part 3 articles for the application 
indicated. 

2.2 HIGH PERFORMANCE COATINGS, GENERAL 

A. Material Compatibility: 

1. Provide materials for use within each coating 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 coating system, provide products recommended in writing by 
manufacturers of topcoat for use in coating system and on substrate indicated. 

3. Provide products of same manufacturer for each coat in a coating system. 

4. “All-in-one” paint and primer products are not acceptable.  

B. VOC Compliance:  Provide exterior coating products complying with New York requirements 
for Volatile Organic Compound (VOC) and Ozone Transport Commission (OTC) regulations, 
January 2005. 

C. Colors:  As selected by Architect from manufacturer's full range. 

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 the Work. 
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B. Verify suitability of substrates, including surface conditions and compatibility with existing 
finishes and primers. 

C. Proceed with coating application only after unsatisfactory conditions have been corrected. 

1. Beginning coating application constitutes Contractor's acceptance of substrates and 
conditions. 

3.2 PREPARATION 

A. Remove hardware, covers, plates, and similar items already in place that are removable and 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. 

B. Clean substrates of substances that could impair bond of coatings, including dust, dirt, oil, 
grease, and incompatible paints and encapsulants. 

1. Remove incompatible primers and re-prime substrate with compatible primers or apply 
tie coat as required to produce coating systems indicated. 

C. Steel Substrates:  Remove rust, loose mill scale, and shop primer if any.  Clean using methods 
recommended in writing by paint manufacturer but not less than the following: 

1. SSPC-SP 6/NACE No. 3, "Commercial Blast Cleaning." 
2. SSPC-SP 10/NACE No. 2, "Near-White Blast Cleaning." 

3.3 APPLICATION 

A. Apply high-performance coatings according to manufacturer's written instructions. 

1. Use applicators and techniques suited for coating and substrate indicated. 

2. Coat surfaces behind movable equipment and furniture same as similar exposed surfaces.  
Before final installation, coat surfaces behind permanently fixed equipment or furniture 
with prime coat only. 

3. Coat back sides of access panels, removable or hinged covers, and similar hinged items to 
match exposed surfaces. 

4. Do not apply coatings over labels of independent testing agencies or equipment name, 
identification, performance rating, or nomenclature plates. 

B. Tint each undercoat a lighter shade to facilitate identification of each coat if multiple coats of 
the same material are to be applied.  Tint undercoats to match color of finish coat but provide 
sufficient difference in shade of undercoats to distinguish each separate coat. 
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C. If undercoats or other conditions show through final coat, apply additional coats until cured film 
has a uniform coating finish, color, and appearance. 

D. Apply coatings to produce surface films without cloudiness, spotting, holidays, laps, brush 
marks, runs, sags, ropiness, or other surface imperfections.  Produce sharp glass lines and color 
breaks. 

3.4 FIELD QUALITY CONTROL 

A. Dry Film Thickness Testing:  Owner will engage the services of a qualified testing and 
inspecting agency to inspect and test coatings for dry film thickness. 

1. Contractor shall touch up and restore coated surfaces damaged by testing. 

2. If test results show that dry film thickness of applied coating does not comply with 
coating manufacturer's written recommendations, Contractor shall pay for testing and 
apply additional coats as needed to provide dry film thickness that complies with coating 
manufacturer's written recommendations. 

3.5 CLEANING AND PROTECTION 

A. At end of each workday, remove rubbish, empty cans, rags, and other discarded materials from 
Project site. 

B. After completing coating application, clean spattered surfaces.  Remove spattered coatings by 
washing, scraping, or other methods.  Do not scratch or damage adjacent finished surfaces. 

C. Protect work of other trades against damage from coating operation.  Correct damage by 
cleaning, repairing, replacing, and recoating, 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 coated surfaces. 

3.6 EXTERIOR HIGH-PERFORMANCE COATING SCHEDULE 

A. Steel Substrates: 

1. First Coat: 

a. Benjamin Moore & Co. (No Zinc primers) suggest Corotech V160 Epoxy Mastic 
Coating @4.6-7.2 DFT. 

b. Sherwin-Williams Company (The); Corothane 1 Gal-Va-Pac Zinc Primer 
B65G00010 at 3.0-4.0 mils DFT. 

c. Tnemec Inc.; Series 90-97 Tneme-Zinc at 2.5 to 3.5 mils DFT. 
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2. Second Coat: 

a. Benjamin Moore & Co. Corotech V160 Epoxy Mastic Coating @4.6-7.2 DFT 
b. Sherwin-Williams Company (The); Macropoxy 646 B58 series 7.0-5.0 mils DFT  
c. Tnemec Inc.; Series 66HS Hi-Build Epoxoline at 3.0 to 5.0 mils DFT. 

3. Third Coat: 

a. Benjamin Moore & Co. Corotech V500 Acrylic Aliphatic Urethane Coating Gloss 
or V510 Acrylic Aliphatic Urethane Coating Semi-Gloss at 3.2-4.6 mils DFT 

b. Sherwin-Williams Company (The); Hi Solids Polyurethane B65 series 4.5-3.0 mils 
DFT 

c. Tnemec Inc.; Series 1074 or 1095 Endura-Shield II at 2.0 to 5.0 mils DFT. 

END OF SECTION 09 96 00 
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SECTION 10 26 00 - WALL AND DOOR PROTECTION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Impact-resistant wall coverings. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals and informational submittals required by this Section 
concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data:  Include construction details, material descriptions, impact strength, fire-test-
response characteristics, dimensions of individual components and profiles, and finishes for 
each impact-resistant wall protection unit. 

B. Shop Drawings:  For each impact-resistant wall protection unit showing locations and extent.  
Include sections, details, and attachments to other work. 

C. Samples for Verification and Initial Color Selection:  For each type of impact-resistant wall 
protection unit indicated. 

1. Impact-Resistant Wall Covering:  6 by 6 inches square. 

D. Warranty:  Sample of special warranty. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 
B. Material Certificates:  For each impact-resistant plastic material, from manufacturer. 

1.6 CLOSEOUT SUBMITTALS 

A. Maintenance Data:  For each impact-resistant wall protection unit to include in maintenance 
manuals. 

10 26 00 
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1. Include recommended methods and frequency of maintenance for maintaining optimum 
condition of plastic covers under anticipated traffic and use conditions.  Include 
precautions against using cleaning materials and methods that may be detrimental to 
plastic finishes and performance. 

B. Warranty: Executed special warranty. 

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. 

B. Include mounting and accessory components.  Replacement materials shall be from same 
production run as installed units. 

1.8 QUALITY ASSURANCE 

A. Installer Qualifications:  An employer of workers trained and approved by manufacturer. 

B. Source Limitations:  Obtain impact-resistant wall protection units from single source from 
single manufacturer. 

C. Surface-Burning Characteristics:  Provide impact-resistant, plastic wall protection units with 
surface-burning characteristics as determined by testing identical products per ASTM E 84, 
NFPA 255, or UL 723 by UL or another qualified testing agency. 

D. Regulatory Requirements:  Comply with applicable provisions in the U.S. Architectural & 
Transportation Barriers Compliance Board's ADA-ABA Accessibility Guidelines, 
ICC/ANSI A117.1, and building code in effect for Project. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Store impact-resistant wall protection units in original undamaged packages and containers 
inside well-ventilated area protected from weather, moisture, soiling, extreme temperatures, and 
humidity. 

1. Maintain room temperature within storage area at not less than 70 deg F during the period 
plastic materials are stored. 

2. Keep plastic sheet material out of direct sunlight. 
3. Store plastic wall protection components for a minimum of 72 hours, or until plastic 

material attains a minimum room temperature of 70 deg F. 

1.10 PROJECT CONDITIONS 

A. Environmental Limitations:  Do not deliver or install impact-resistant wall protection units until 
building is enclosed and weatherproof, wet work is complete and dry, and HVAC system is 
operating and maintaining temperature at 70 deg F for not less than 72 hours before beginning 
installation and for the remainder of the construction period. 
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1.11 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace components of impact-resistant wall protection units that fail in materials or 
workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Structural failures. 
b. Deterioration of plastic and other materials beyond normal use. 

2. Warranty Period:  Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Material:  Engineered PETG, Class 1, High Impact, rigid sheet thickness nominal .040” 
(1.02mm) thickness as indicated. 

1. Impact Resistance:  Minimum 25.4 ft-lbf/in. of notch when tested according to 
ASTM D 256, Test Method A. 

2. Chemical and Stain Resistance:  Tested according to ASTM D 543 or ASTM D 1308. 
3. Self-extinguishing when tested according to ASTM D 635. 
4. Flame-Spread Index:  25 or less. 
5. Smoke-Developed Index:  450 or less. 

B. Adhesive:  Mildew-resistant, non-staining, as recommended by impact-resistant plastic wall 
protection manufacturer.  

1. VOC content of [70] g/L or less when calculated according to 40 CFR 59, Subpart D 
(EPA Method 24). 

2.2 IMPACT-RESISTANT WALL COVERINGS 

A. Impact-Resistant Sheet Wall Covering:  Fabricated from plastic sheet wall-covering material. 

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. Construction Specialties, Inc.; Acrovyn 0.040-inch Rigid Sheet. 
b. Korogard Wall Protection Systems; a division of RJF International Corporation; 

Protective Wallcovering. 
c. Pawling Corporation; Pro-Tek WC-40 Wall Covering. 

2. Size:  48 by 120 inches. 

3. Sheet Thickness:  0.040 inch or to match existing. 
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4. Color and Texture:  To match existing. 

5. Height:  to match existing. 

6. Trim and Joint Moldings:  Extruded rigid plastic that matches sheet wall covering color; 
including outside corners, inside corners, wainscot trim, and joint molding. 

7. Mounting:  Adhesive; strippable. 

2.3 FABRICATION 

A. Fabricate impact-resistant wall protection units to comply with requirements indicated for 
design, dimensions, and member sizes, including thicknesses of components. 

B. Assemble components in factory to greatest extent possible to minimize field assembly.  
Disassemble only as necessary for shipping and handling. 

C. Fabricate components with tight seams and joints with exposed edges rolled.  Provide surfaces 
free of wrinkles, chips, dents, uneven coloration, and other imperfections.  Fabricate members 
and fittings to produce flush, smooth, and rigid hairline joints. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and wall areas, with Installer present, for compliance with requirements for 
installation tolerances, fire rating, and other conditions affecting performance of work. 

B. Examine walls to which impact-resistant wall protection will be attached for blocking, grounds, 
and other solid backing that have been installed in the locations required for secure attachment 
of support fasteners. 

1. For impact-resistant wall protection units attached with adhesive, verify compatibility 
with and suitability of substrates, including compatibility with existing finishes or 
primers. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

D. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 PREPARATION 

A. Complete finishing operations, including painting, before installing impact-resistant wall 
protection system components. 

B. Before installation, clean substrate to remove dust, debris, and loose particles. 
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3.3 INSTALLATION 

A. General:  Install impact-resistant wall protection units level, plumb, and true to line without 
distortions.  Do not use materials with chips, cracks, voids, stains, or other defects that might be 
visible in the finished Work. 

1. Install impact-resistant wall protection units in locations and at mounting heights 
indicated on Drawings. 

2. Provide splices, mounting hardware, anchors, and other accessories required for a 
complete installation. 

a. Provide anchoring devices to withstand imposed loads. 

b. Where splices occur in horizontal runs of more than 20 feet, splice aluminum 
retainers and plastic covers at different locations along the run, but no closer than 
12 inches. 

c. Adjust end and top caps as required to ensure tight seams. 

B. Impact-Resistant Wall Covering:  Install top and edge moldings, corners, and divider bars as 
required for complete match of existing/adjacent installation. 

3.4 CLEANING 

A. Immediately after completion of installation, clean plastic covers and accessories using a 
standard, ammonia-based, household cleaning agent. 

B. Remove excess adhesive using methods and materials recommended in writing by 
manufacturer. 

END OF SECTION 10 26 00 
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SECTION 22 05 33 - HEAT TRACING SYSTEM 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes heat tracing for snow and ice melting on roofs and in gutters and downspouts 
with the following electric heating cables: 

1. Self-regulating, parallel resistance. 
2. Constant wattage. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated capacities, operating characteristics, and furnished specialties and 
accessories. 

2. Schedule heating capacity, length of cable, spacing, and electrical power requirement for 
each electric heating cable required. 

B. Shop Drawings: For electric heating cable. 

1. Include plans, elevations, sections, and attachment details. 
2. Include diagrams for power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 
B. Sample Warranty: For special warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For electric heating cables to include in operation and 
maintenance manuals. 

1.6 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace electric heating cable that fails in 
materials or workmanship within specified warranty period. 

1. Warranty Period:  Three years from date of Substantial Completion. 

22 05 33 
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PART 2 - PRODUCTS 

2.1 SELF-REGULATING, PARALLEL-RESISTANCE HEATING 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. Nelson Heat Trace; a division of EGS Electrical Group LLC. 
2. Pyrotenax; a brand of Pentair Thermal Management LLC. 
3. Raychem; a brand of Pentair Thermal Management LLC. 
4. Thermon Americas Inc. 

B. Comply with IEEE 515.1. 

C. Heating Element: Pair of parallel No. 14 AWG, tinned, stranded copper bus wires embedded in 
crosslinked conductive polymer core, which varies heat output in response to temperature along 
its length. Terminate with waterproof, factory-assembled, nonheating leads with connectors at 
one end, and seal the opposite end watertight. Cable shall be capable of crossing over itself once 
without overheating. 

D. Electrical Insulating Jacket: Flame-retardant polyolefin. 

E. Cable Cover:  Tinned-copper braid and polyolefin outer jacket with ultraviolet inhibitor. 

F. Maximum Operating Temperature (Power On):  150 deg F. 

G. Maximum Exposure Temperature (Power Off):  185 deg F. 

H. 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. 

I. Capacities and Characteristics: 

1. Maximum Heat Output:  5 W/ft. 

2. Piping Diameter: Per plans. 

3. Electrical Characteristics for Single-Circuit Connection: 

a. Volts:  208. 
b. Phase: 1ph 
c. Hertz: 60hz 

2.2 CONTROLS 

A. UL Listed Automatic Control System:   shall Programmable Timer for Domestic Hot-Water-
Temperature Maintenance: 
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1. Controller shall have:   

a. Fully automated system requiring no operator settings or adjustments.  
b. Input Power Requirement of: 120VAC or 208VAC.   

2. System shall have a minimum of:  

a. One sensor to sense moisture and temperature. 
b. RID remote indicator and activation timer.  

3. System Operation:  

a. Activation:  When ambient temperature is less than the setpoint temperature of 40° 
F and snow or moisture is present on the sensor.   

b. Deactivation: When slab/ambient temperature is greater than the setpoint 
temperature of 40° F or no snow or moisture is present on the sensor and 5 hours 
have elapsed.   

2.3 ACCESSORIES 

A. Cable Installation Accessories: Fiberglass tape, heat-conductive putty, cable ties, silicone end 
seals and splice kits, and installation clips all furnished by manufacturer, or as recommended in 
writing by manufacturer. 

B. Warning Labels: Refer to Section 26 05 53 "Identification for Electrical Systems." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine surfaces and substrates to receive electric heating cables for compliance with 
requirements for installation tolerances and other conditions affecting performance. 

1. Ensure surfaces in contact with electric heating cables are free of burrs and sharp 
protrusions. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 APPLICATIONS 

A. Install the following types of electric heating cable for the applications described: 

1. Snow and Ice Melting on Roofs and in Gutters and Downspouts:  Self-regulating, 
parallel-resistance heating cable. 
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3.3 INSTALLATION 

A. Install electric heating cable across expansion, construction, and control joints according to 
manufacturer's written instructions; use cable-protection conduit and slack cable to allow 
movement without damage to cable. 

B. Set field-adjustable switches and circuit-breaker trip ranges. 

3.4 CONNECTIONS 
 

A. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables." 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

C. Perform the following tests and inspections: 

1. Perform tests after cable installation but before application of coverings such as 
insulation, wall or ceiling construction, or concrete. 

2. Test cables for electrical continuity and insulation integrity before energizing. 
3. Test cables to verify rating and power input. Energize and measure voltage and current 

simultaneously. 

D. Cables will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports. 

3.6 PROTECTION 

A. Protect installed heating cables, including non-heating leads, from damage during construction. 
B. Remove and replace damaged heat-tracing cables. 

END OF SECTION 22 05 33 
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SECTION 22 45 00 - EMERGENCY PLUMBING FIXTURES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Eyewash equipment. 

1.2 DEFINITIONS 

A. Portable, Self-Contained Emergency Plumbing Fixture: Fixture with flushing-fluid supply. 
B. Tepid: Between 60 and 100 deg F. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. Include flow rates and capacities, furnished 
specialties, and accessories. 

1. Standard, self-contained eyewash units. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field Quality-Control Submittals: 

1. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For emergency plumbing fixtures. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with ANSI/ISEA Z358.1 for emergency plumbing fixtures including third-party 
certification of fixtures. 

B. Comply with NSF 61 and NSF 372 for fixture materials that will be in contact with potable 
water. 

22 45 00 
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2.2 EYEWASH EQUIPMENT 

A. Eyewash Units - Standard, Self-Contained: 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Bradley 
Corporation; No. S19-921 or a comparable product by one of the following: 

a. Acorn Safety; a Division of Morris Group International. 
b. Encon Safety Products. 
c. Guardian Equipment Co. 
d. Haws Corporation. 
e. Speakman Company. 
f. WaterSaver Faucet Co. 

2. Source Limitations: Obtain eyewash units, standard, self-contained, from single 
manufacturer. 

3. Capacity: Not less than 0.4 gpm for at least 15 minutes. 

4. Gravity Tank:  7 gal. minimum, plastic, and suitable for shelf mounting. 

5. Flushing Fluid: Medically acceptable solution manufactured and labeled in accordance 
with applicable regulations. 

6. Actuator: Pull-down front panel or pull strap. 

7. Spray Heads: Protected, two mounted on tank. 

PART 3 - EXECUTION 

3.1 INSTALLATON OF EMERGENCY PLUMBING FIXTURE 

A. Assemble emergency plumbing fixture piping, fittings, control valves, and other components. 
B. Install fixtures level and plumb. 
C. Fasten fixtures to substrate. 

3.2 IDENTIFICATION 

A. Install equipment nameplates or equipment markers on emergency plumbing fixtures and 
equipment and equipment signs on water-tempering equipment.  

3.3 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Perform each visual and mechanical inspection. 
2. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest 

until no leaks exist. 
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3. Operational Test: Start units to confirm proper unit operation. 
4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 

equipment. 
5. Emergency plumbing fixtures will be considered defective if they do not pass tests and 

inspections. 

B. Prepare test and inspection reports. 

3.4 CLEANING AND PROTECTION 

A. Clean emergency plumbing fixtures with manufacturers' recommended cleaning methods and 
materials. 

B. Install protective covering for installed emergency plumbing fixtures and fittings. 
C. Do not allow use of emergency plumbing fixtures for temporary facilities unless approved in 

writing by Owner. 

END OF SECTION 22 45 00 
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SECTION 23 01 20 – HYDRONIC SYSTEMS CLEANING AND WATER 
TREATMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Hydronic systems cleaning and water treatment specialty components and chemicals. 
2. Heat transfer fluids and system filling components. 
3. Flushing, cleaning, filling, venting and treatment of hydronic piping distribution systems 

(heating and /or cooling systems). 

B. Flushing, cleaning, venting, and filling of hydronic systems includes but is not limited to 
flushing and cleaning of all new piping distribution systems and all existing piping distribution 
systems that are extended or connected to as part of this project, unless noted otherwise on 
drawings.  Perform all work under the direction of a qualified Water Treatment Services 
Company (WTSC). 

C. Initial water analysis and chemical treatment of hydronic systems as described below, provided 
complete by an approved WTSC. 

D. After systems have been proven clean, final filled, initial chemical treatment of system has been 
performed, and system is turned over in proper condition and accepted as such by Owner, then, 
subsequent chemical treatment of hydronic systems will be provided by Owner. 

1.3 SUBMITTALS 

A. Qualification Data:  Submit name, qualifications, and references of WTSC. 

B. Closeout Submittals for inclusion in Operations and Maintenance Manual:  

1. System Cleaning Report: Provide report on initial system cleaning and treatment 
including copies of strainer cleaning log books, system fill volume, makeup water and 
system water test results, chemicals used (type and volume/mass), recommended and 
final chemical concentrations, and other pertinent water quality data as required to 
maintain  system in optimum condition. 

2. Operation and Maintenance Data:  Include all instructions for maintenance, cleaning, and 
ongoing chemical treatment of hydronic systems in project maintenance manuals. 

23 01 20 
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1.4 QUALITY ASSURANCE 

A. Water Treatment Services Company (WTSC) Qualifications: A company with minimum 5 
years documented successful experience specializing in cleaning and chemical treatment of 
HVAC piping systems of comparable or greater size and complexity as required on this project, 
that is capable of analyzing water qualities, installing water-treatment equipment, and applying 
chemicals and other water treatment as specified in this Section. 

PART 2 - PRODUCTS 

2.1 TREATMENT CHEMICALS 

A. Provide approved system treatment chemicals as directed by water treatment services company. 

2.2 HEAT TRANSFER FLUIDS 

A. Water: Provide de-oxygenated and corrosion inhibited water as required to maintain warrantees 
of all existing equipment and equipment provided as a part of this project, and as additionally 
required by these specifications. Remove dissolved and suspended impurities and contaminants 
and add proper chemical treatment as required.  

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine piping distribution systems, both new piping installed in this project and existing 
piping on the affected systems. 

1. Look for automatic and manual vents at end of all horizontal piping runs before elevation 
drop.  Provide additional vents as required for proper air elimination. 

2. Look for system connection ports to provide for filling, draining, and circulation of 
piping.  Provide additional valves and connections as required. 

3. Look for isolation valves as required to isolate those portions of the system not needing 
cleaning and treatment.  Provide additional valves as required and isolate those portions 
of the system not being cleaned. 

B. Proceed with cleaning only after unsatisfactory conditions have been corrected. 

C. Beginning cleaning constitutes Contractor’s acceptance of systems and conditions. 
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3.2 PREPARATION AND PROTECTION OF SYSTEMS 

A. At all times from beginning of cleaning of water systems until final acceptance by Owner, 
provide free oxygen removal and chemical treatment of hydronic systems to protect system 
components against internal corrosion (or additional corrosion in the case of existing piping and 
boilers). 

1. Do not fill hydronic-heating systems until firing equipment is operable and all aspects of 
installation are prepared for startup.  Do not subject any system to water that has not been 
de-oxygenated for periods longer than 4 hours.  Provide approved de-oxygenation 
strategy as required to remove free oxygen and prevent corrosion of boilers, chiller, 
pumps, other system components, and piping.   
 
a. Heating water to provide for de-oxygenation of heating systems will be an 

acceptable procedure. Provide heated water to remove free oxygen and prevent 
corrosion and premature failure of boilers and piping.  Start boilers as specified in 
Project Manual and in accordance with ASME Boiler and Pressure Vessel Code 
immediately upon filling and proceed to heat system water to at least 190 deg. F 
while circulating entire system at temperature for at least two hours and actively 
venting air. 

2. Provide services of approved WTSC to perform the following: 

a. Obtain and coordinate with hydronic equipment manufacturers’ published water 
quality guidelines as required to maintain equipment warrantees.  Include copy of 
this data in report. 

b. Test existing system water / heat transfer solution and make-up water prior to and 
during system flushing, cleaning, and venting and prescribe proper water treatment 
to clean system and maintain boiler, chiller, piping, controls, and all other hydronic 
specialties’ warrantees and prevent corrosion or deterioration (further corrosion or 
deterioration in the case of existing systems) of each entire hydronic system due to 
oxygen, acid, scaling, or other water solution related problems. Consider and 
report on the following characteristics at a minimum, and recommend acceptable 
range of values for this project’s systems individually, using specified values as a 
starting point only: 

1) pH:  9.0 to 10.5. 

2) "P" Alkalinity:  100 to 500 ppm. 

3) Boron:  100 to 200 ppm. 

4) Chemical Oxygen Demand:  Maximum 100 ppm. 

5) Soluble Copper:  Maximum 0.20 ppm. 

6) Tolyiriazole Copper, Yellow Metal Corrosion Inhibitor:  Minimum 10 ppm. 

7) Total Suspended Solids:  Maximum 10 ppm. 
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8) Ammonia:  Maximum 20 ppm. 

9) Free Caustic Alkalinity:  Maximum 20 ppm. 

10) Reserve Alkalinity:  

11) Corrosion Inhibitor, any of the below or as recommended by WTSC: 

a) Sodium Nitrate:  1000 to 1500 ppm. 
b) Molybdate:  200 to 300 ppm. 
c) Chromate:  200 to 300 ppm. 
d) Sodium Nitrate Plus Molybdate:  100 to 200 ppm each. 
e) Chromate Plus Molybdate:  50 to 100 ppm each. 

12) Microbiological Limits: 

a) Total Aerobic Plate Count:  Maximum 1000 organisms/ml. 
b) Total Anaerobic Plate Count:  Maximum 100 organisms/ml. 
c) Nitrate Reducers:  100 organisms/ml. 
d) Sulfate Reducers:  Maximum 0 organisms/ml. 
e) Iron Bacteria:  Maximum 0 organisms/ml. 

c. Provide prescribed ingredients and maintain proper water conditions until 
acceptance of system.  Turn over in Manufacturers’ approved condition. 

d. Provide certified portion of system cleaning and treatment report including 
manufacturer’s requirements, water quality test data and recommendations, 
prescription chemical recommendations and data sheets, treatment schedule, and 
proposal for continued treatment contract for first year following system 
acceptance. 

3.3 DRAINING, FILLING, FLUSHING, VENTING, AND CLEANING 

A. Draining: 

1. Drain systems completely so as to avoid cross contamination of one process fluid with 
the next. 

2. Install additional drains if necessary to completely drain system. Note that drain valves 
are required on all new piping low points. As part of base bid pricing, provide for four 
additional drains in existing piping not shown on drawings, in locations coordinated with 
Engineer and Owner. 

3. Capture all drainage in calibrated storage vessels prior to disposal and accurately 
determine system volume drained. 

4. Legally dispose of all drainage. 
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B. Filling and Venting: 

1. Fill and vent each entire system, including portions of existing systems connected to but 
not modified by this Project, as required leaving entire system in a properly filled, 
chemically treated, air-free condition. 

2. Fill slowly with appropriate fluid for process planned (clean water for initial flushing, 
system cleaning solution for system cleaning, chemically treated water for final fill, etc.) 
while operating manual and automatic vents to purge air from system. 

3. Vent all air from hydronic systems.  Open all manual vents repeatedly to relieve air and 
test operation of all main and branch automatic air eliminators and vents.  Repair and/or 
replace all malfunctioning vents. 

4. Purge systems section by section to remove residual air.  Isolate piping sections and 
purge fluid through each section slowly in direction of normal flow to force air to vent 
connections without forcing air down risers. 

5. Install additional air vents as required to fully vent system. Note that air vents are 
required at all new piping high points and before drops. Note locations where residual air 
pockets tend to remain in pre-project existing piping and install additional air vents as 
necessary to remove remaining air.  As part of base bid pricing, provide for adding four 
additional automatic air vent assemblies in existing piping not shown on drawings, in 
locations coordinated with Engineer and Owner. 

6. Repeat purging and venting as necessary to remove all air from each system. 

7. When final venting is complete, close manual valves serving automatic air vents to 
prolong automatic vent service life. 

C. Flushing: 

1. Flush each entire system, including portions of existing systems connected to, but not 
modified by, this Project. 

2. Flush all piping with clean water at flow rate required to produce local pipe velocity of 
not less than 10 feet per second.  Section by section flushing as required to achieve this 
velocity is required. 

3. Note strainers will likely become clogged repeatedly during this phase of system 
operation.  Repeatedly clean strainers as described below as required to maintain 
unobstructed flow. Strainer Cleaning: 

a. Remove, clean, and reinstall all strainer screens during and after flushing and 
venting (including screens of existing system strainers).  Record strainer screen 
contents in log book. Repeat after a 2-week operating period connected to main 
system pumps. 
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b. Insure all pump suction diffusers have fine mesh start-up screens prior to filling 
system.  Remove and clean all pump suction diffuser screens whenever the 
pressure drop across screen is double the pressure drop of a clean screen and after 
2-week operating period.  Record strainer screen contents in log book. 

c. Reinstall strainer screens after cleaning.  Reinstall fine mesh suction diffuser start-
up screens each time they contain significant debris upon removal. 

d. Purge and vent all air from the systems introduced as a result of strainer cleaning. 

e. Submit strainer-cleaning report as detailed for cleaning report submittal. 

4. Provide approved de-oxygenation strategy. 

5. Test for and repair all leaks. 

6. After each system has operated at full temperature for 2-week period and all leaks have 
been repaired, vent each system as specified above.  Purge each system as specified 
above if necessary. 

D. Cleaning: After each hydronic system has been leak-tested, flushed, and vented, clean system as 
specified below.  Do not use system for temporary heat or submit for acceptance and use by 
Owner prior to cleaning.  Do not operate pumps continuously or unattended until system is 
flushed and strainers cleaned.  Notify Owner's Project Representative before starting cleaning. 

1. Cleaning Procedures: 

a. Clean all air vents, gauge glasses, control valves, etc. and ensure free operation. 

b. Provide side stream filter across system pumps where indicated on Drawings and 
use to filter fine particulate from hydronic system during cleaning. Provide filter 
bags as required to remove all solids from system down to 5-micron size.  Deliver 
10 spare 5-micron filter bags to Owner. 

c. Provide cleaning compound of sodium carbonate and trisodium phosphate, in 
proportions of 1lb of chemical per 50 gallons of water or as recommended 
specifically by WTSC and system equipment manufacturers.  Mix chemicals with 
water and introduce into the system per equipment manufacturer’s and water 
treatment service companies instructions, filling entire system with cleaning 
solution.  Provide temporary meter or other means (calculated volume acceptable) 
of determining amount of water in system.  Provide all necessary valves, fill pipe, 
and similar components. 

d. Operate pumps and control system with control valves open.  Circulate solution for 
heating system at 180 Deg. F. for at least 24 hours.  Circulate solution for cooling 
and heat pump systems at ambient temperature for at least 24 hours. Flush and vent 
system as required during cleaning.  Remove and clean air vents, strainers, filters, 
and check valves, and replace improperly functioning components.  Blow down 
solids separators, sumps, and all system low points where sediment might 
accumulate. 
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e. After cleaning and blow down, circulate for additional 8 hours, then clean 
strainers, filters, and low point blow down locations again; repeat until strainers 
and filters are found clean, and initial solution taken from any blow down location 
is clean. 

f. Drain, flush cleaning solution with clean water, and legally dispose of drainage.   

g. Refill with clean deoxygenated water. 

2. Test for Cleanliness: 

a. Circulate for additional 24 hours and take water sample to test for cleanliness from 
any system low point drain or blow down valve selected by Architect or Owner by 
filling quart sample bottle with initial drainage included and allowing sample to 
settle for 12 hours.  Check for floating and settled impurities. Water is considered 
clean if no impurities can be observed in drawn samples, and 5-micron side stream 
filter bag remains nominally clean after 24 hours full flow circulation.  Draw 
samples in presence of Architect and turn over to Owner to confirm cleanliness. 

b. Drain and repeat the starting up procedure and cleanliness test as often as required 
to pass “Test for Cleanliness”. 

3.4 FINAL FILLING OF WATER PIPING SYSTEMS 

A. Water Hydronic Systems: Thoroughly purge and vent approved cleaned system. Provide 
prescribed chemical treatment and turn over in manufacturers’ approved condition. 

END OF SECTION 23 01 20 
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SECTION 23 05 00 - COMMON WORK RESULTS FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and all 
Division 01 Sections, apply to this Section and to all of Division 23. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Definitions, references, and abbreviations. 
2. General regulatory requirements. 
3. General requirements regarding site/field conditions including existing conditions and 

field measurements. 
4. Sequencing and scheduling including coordination. 
5. Definition of design equipment and procedures for consideration of specified equivalents, 

proposed equivalents, or substitutions. 
6. HVAC demolition. 
7. Equipment installation requirements common to equipment sections. 
8. Minimum material requirements and equipment verification. 
9. Electrical components for HVAC Work 
10. Concrete bases and grout. 
11. Mechanical penetrations, waterproofing, and sealants.  
12. Fire-stopping 
13. Access doors 
14. Painting and finishing. 
15. General requirements for demonstration of completed systems 

1.3 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, 
pipe and duct chases, unheated spaces immediately below roof, spaces above ceilings, 
unexcavated spaces, crawlspaces, and tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied 
spaces and mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient 
temperatures and weather conditions.  Examples include rooftop locations. 

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by 
building occupants.  Examples include above ceilings and chases. 

23 05 00 
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E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions 
and physical contact by building occupants but subject to outdoor ambient temperatures.  
Examples include installations within unheated shelters. 

F. “Design Equipment”, “Design Make”, “Basis of Design”, and similar terms: Equipment, 
specified in Technical Specification Section or on Contract Drawings using applicable 
manufacturer’s designation, that forms the basis for performance requirements, physical 
dimensions, configuration, and similar aspects used in the design of this Project including (but 
not limited to) physical configuration of surrounding construction and location of connections to 
other components. 

G. Specified Equivalents: Products identified in Technical Specification Section that may provide 
performance complying with specified requirements but may not have the same arrangement, 
configuration, size, construction, or other aspects as the specified Design Equipment.  Refer to 
Section 00 21 13 - Instructions to Bidders, and Section 01 25 00 – Substitution Procedures for 
additional information and requirements regarding equivalents and substitutions. 

H. “Equivalents”, “Proposed Equivalents”, “Proposed Products” and similar terms: These terms 
may be used interchangeably and mean the same thing: Products NOT identified in Technical 
Specification Section that the Contractor proposes in accordance with Section 00 21 13 - 
Instructions to Bidders and Section 01 25 00 – Substitution Procedures. 

I. Substitutions: Changes in products, materials, equipment, and methods of construction from 
those required by the Contract Documents and proposed by Contractor, all in accordance with 
Section 01 25 00 – Substitution Procedures. 

J. Heating Work:  Refers to Heating, Ventilating and Air Conditioning Systems and Equipment 
where used in technical specification sections of Division 23. 

1.4 ABBREVIATIONS 

A. Abbreviations:  Reference to technical society, organization, body or section made in Division 
23 in accordance with the following abbreviations: 

1. AIA American Institute of Architects 
2. ADA Americans with Disabilities Act. 
3. AMCA Air Movement and Control Association International, Inc. 
4. ANSI American National Standards Institute 
5. ASHRAE American Society of Heating, Refrigerating and Air Conditioning Engineers 
6. ASME American Society of Mechanical Engineers International 
7. ASTM  American Society for Testing and Materials International 
8. AWS American Welding Society  
9. IEEE Institute of Electrical and Electronics Engineers, Inc. 
10. NEC National Electric Code 
11. NEMA National Electrical Manufacturers Association 
12. NFPA National Fire Protection Association  
13. NYBFU New York Board of Fire Underwriters 
14. SMACNA Sheet Metal and Air Conditioning Contractors National Association  
15. UL Underwriters Laboratories Inc. 
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1.5 SYSTEM DESCRIPTION 

A. Provide complete systems, properly connected, tested, balanced, adjusted, and ready for 
operation, including all necessary and required controls, safeties, details and accessories, 
including (but not limited to): 

1. Demolition and removals required for equipment and system installation. 
2. Piping systems and related equipment. 
3. Ventilation systems and related equipment. 
4. Support Systems and related equipment. 
5. Insulation Systems and related equipment. 
6. Miscellaneous items required for equipment and system installation. 
7. Controls and electrical control wiring to equipment furnished in this contract. 
8. Electrical power wiring to equipment furnished in this contract, where not covered 

elsewhere. 

B. HEATING WORK DRAWINGS ARE DIAGRAMMATIC.  Do not infer that Drawings show 
level of detail indicating every offset, elbow, union, fitting, elevation or aspect ratio changes, or 
other details required for complete installation.  

1. Provide all required fittings, offsets, elevation changes, dampers, controls, components, 
and similar items not indicated on Drawings, as required for a complete properly 
operational system.  

1.6 SUBMITTALS 

A. General Division 23 submittal requirements: 

1. Procedural Requirements:  Comply with requirements of SECTION 01 33 00 - 
Submittals and as modified below. 

a. Specified Products: If product to be incorporated into Project is specified by name 
and product designation in Part 2 of product specification, and will be installed as 
specified in Part 3, and only where allowed as such in submittal portion of product 
specification, then submit “As-Specified Verification Form” (attached to 
SECTION 01 33 00 - Submittals) in lieu of “Product Data” identified. 

b. Do not use “As Specified Verification Form” unless specifically indicated in 
detailed product specification. 

c. Equivalent Products or Substitutions: If product to be incorporated into Project is 
not specified by name and product designation in Part 2 below, comply with all 
Product Data requirements specified. 

2. Product Data: Submit Product Data for items listed in individual technical section.  
Clearly identify manufacturer, pertinent design, function, materials, construction, and 
performance data specifically addressing specification description and Contract 
Document requirements of item.  Strike out products that are not applicable to item being 
submitted, where more than one product is indicated on manufacturer product literature. 



COMMON WORK RESULTS FOR HVAC  Tetra Tech 

23 05 00 / Page 4 Project No. 203778-21001 Architects & Engineers 

a. Cover Sheet: Attach cover sheet, identified in Section 01 33 00, to Product Data of 
each item submitted.  Provide cover sheet for only one type of item with related 
accessories, equipment with related components.  Do not combine unrelated items 
under same cover sheet. 

b. Specified Equivalent Product Data: Submit manufacturer’s product information 
including product literature, technical specifications and descriptions, performance 
data, and similar items to demonstrate compatibility with Basis-of-Design 
Equipment as specified in “Manufacturers” in Part 2 - Products below. 

3. Do not proceed with installation of systems in each area until agreement is reached with 
all concerned on exact arrangements for each room or area, unless otherwise directed by 
Architect. If Contractor proceeds prior to resolving conflicts, Contractor shall modify 
installed Work as required to permit other systems to proceed with a coordinated 
installation. 

4. Specified Equivalent Drawings:  Submit detailed drawings of proposed Specified 
Equivalents, indicating proposed installation of equipment and showing maintenance 
clearances, required service removal space, and other pertinent revisions to arrangement 
and configuration shown in Contract Documents. 

5. Closeout Information, for inclusion in Operations and Maintenance Manual: 

a. Approved submittals. 

1) If “As-Specified Verification Form” submittal is approved, also include 
product data as specified in technical section for all components used. 

b. Include all information required in SECTION 01 78 23 – Operation and 
Maintenance Data. 

c. Include all other closeout information required by the individual technical 
specification sections. 

B. Shop Drawings: Include dimensioned plans, sections, and attachments to other work for 
concrete bases. 

C. Product Data:  For each type of product indicated.  Include construction details, material 
descriptions, dimensions of individual components and profiles, and finishes for the following: 

1. Concrete Bases, Grout 
2. Sealants 
3. Fire-stopping. 
4. Access doors. 
5. Painting and finishing. 
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D. Closeout Information, for inclusion in Operations and Maintenance Manual: 

1. Approved submittals. 

a. If “As-Specified Verification Form” submittal is approved, also include product 
data for all components used. 

2. Include all information required in SECTION 01 78 23 – Operation and Maintenance 
Data. 

3. Letters on manufacturer’s letterhead from equipment manufacturers certifying that their 
equipment and systems have been installed in strict accordance with manufacturer's 
recommendations, properly aligned and adjusted, tested, lubricated, wired, balanced, etc. 

4. Lubrication, Filter, and Belt / Drive charts as described below. 

1.7 QUALITY ASSURANCE 

A. Regulatory Requirements 

1. Comply with applicable requirements of all Federal, New York State, and Local 
Building, Health, Mechanical, Plumbing and Electrical Codes, Laws, Ordinances and 
Regulations, including (but not limited to): 

a. Building Code of New York State 
b. Mechanical Code of New York State 
c. Fire Code of New York State  
d. Energy Conservation Construction Code of New York State 
e. New York State Education Department Manual of Planning Standards 
f. In event of a conflict between the Codes identified above and Contract Documents, 

comply with more stringent requirement. 

2. Comply with applicable requirements of NFPA, utility company regulations, and 
following standards: 

a. Provide Underwriters Laboratories (UL) labels on all electrical materials carrying 
50 volts or more.  

b. Provide refrigeration equipment complying with Safety Code for Mechanical 
Refrigeration (ASHRAE Standard 15 - and ANSI Refrigeration Safety Code B9.1). 

B. Certifications:  Obtain and pay for all necessary inspections and certificates from all applicable 
agencies.  Perform all required tests in accordance with regulation of agency having 
jurisdiction.  Submit certificates of approval prior to Final Completion as defined in Section 01 
77 00 – Closeout Procedures. Submit certificates of approval prior to request for final 
acceptance of Contract.  
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C. Electrical Characteristics for HVAC Equipment:  Equipment of higher electrical characteristics 
may be furnished provided such proposed equipment is approved in writing and connecting 
electrical services, circuit breakers, and conduit sizes are appropriately modified.  If minimum 
energy ratings or efficiencies are specified, equipment shall comply with requirements. 

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. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Packing and Shipping:  Ship materials in manufacturer’s containers, fully identified with 
manufacture’s name, trade name, type, class, style, model, grade, size and color.  

B. Storage and Protection 

1. Store materials, equipment, fixtures, pipe, fittings, attachments, under cover, off ground 
in original containers as applicable, and protect from physical and weather damage while 
in storage and during construction. 

2. Furnish extra materials identified in technical sections, in original manufacturer’s 
containers and packaging, to Owner at location identified during Preconstruction 
Conference. Obtain receipt from Owner upon delivery of extra materials and send copy 
of receipt to Architect. 

3. Replace or repair damaged, rusted, corroded or otherwise unusable materials physically 
damaged or weather damaged equipment as determined by Architect, at no change in 
Contract Sum. 

1.9 PROJECT/SITE CONDITIONS 

A. Field Measurements 

1. DO NOT SCALE DRAWINGS: Refer to Architectural and Structural drawings for 
dimensions and details, and verify measurements in field before proceeding.  

2. Install all items with proper provision for removal and access to coil bundles, valves, 
traps, and similar components. 

3. Layout of equipment, piping, and similar components in Drawings is diagrammatic.  
Review Drawings in the field, identify interference with other construction and verify 
dimensions at Site prior to beginning installation.   

a. Obtain exact size and location of all items and openings and confirm all existing 
conditions in field.  Review Shop Drawings of all Contracts. 

b. Coordinate all Heating Work that interferes with other construction with other 
responsible Contractor.   
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c. Obtain exact location and roughing requirements for all equipment furnished by 
others, but installed by this Contractor before roughing. Owner reserves right to 
make reasonable changes prior to "roughing-in" without increase in Contract Sum.   

4. Report any conflicts to Architect in writing before beginning installation. 

1.10 SEQUENCING AND SCHEDULING 

A. Perform all Heating Work in cooperation with Owner, Architect, Construction Manager, and all 
Contractors on this Project, and other separate Contractors at the Site.   

1. Coordinate all Heating Work with construction schedule requirements in Division 01 
2. Coordinate all submittals with the construction schedule and with requirements and 

schedules contained in Section 01 33 00 – Submittals Procedures.  
3. Immediately report any delays in receipt of materials required for Heating Work 

including circumstances causing delays. 

B. Existing Construction:  Provide openings, chases, recesses, lintels and bucks required for 
admission of Heating Work, unless otherwise noted. Do not cut waterproofed floors or walls for 
admission of equipment or materials without written permission. Do not pierce structural 
members without written permission. 

C. Supports for Heating Work:  Provide anchor bolts required supporting or securing Heating 
Work. Locate settings and check locations as construction progresses. Provide templates or 
holding fixtures as required to maintain proper accuracy. 

D. Cutting and Patching:  Bear expense of cutting, patching, repairing or replacing of work of all 
Contracts required due to fault, error or damage by contractor responsible for Heating Work, 
unless otherwise specified in Contract Documents. Employ and pay Prime Contractor involved, 
or if there is no associated Prime Contractor, employ and pay qualified subcontractor as 
required for corrective work. 

E. Refer to Division 01 for cooperation between Contractors.  Prior to start of construction: 

1. Obtain from Contract Drawings or Architect, exact location of items and openings in 
construction. Conform to existing conditions in field. 

2. Review Shop Drawings of all Contracts. 

3. If conflict occurs between Contract Drawings, advise Architect in writing before 
beginning installation and comply with Architect's directions. 

4. Obtain exact location and roughing requirements for equipment furnished by other 
Contractor or by Owner, but installed by Contractor responsible for Heating Work before 
beginning roughing. 
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1.11 COORDINATION 

A. Pre-Installation Conference:   

1. Attend pre-installation conference.  Arrange for all subcontractors to be in attendance. 

B. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of 
construction, to allow for HVAC installations. 

C. Coordinate installation of required supporting devices and set sleeves in poured-in-place 
concrete and other structural components as they are constructed. 

D. Coordinate requirements for access panels and doors for HVAC items requiring access that are 
concealed behind finished surfaces.  Access panels and doors are specified in Division 08 
Section "Access Doors and Frames.” 

E. Coordinate Heating Work with plumbing systems, lighting fixtures, ceiling mounted devices, 
ceiling heights, materials, structural work, maintenance clearances, electric code clearance, and 
building systems. Verify that Work of all Contractors can be installed without interference with 
Heating Work. 

F. Notify Architect in case of unresolved interferences prior to installation of Heating Work. 

G. Adjust exact size, location and offsets of exposed HVAC components to achieve reasonable 
appearance objectives without increase in Contract Sum. 

H. Testing and Balancing:  Cooperate with contractor responsible for Testing and Balancing work 
as required ensuring complete and proper testing, balancing and adjustment of air and water 
systems.  Refer to section 23 05 93 – Testing, Adjusting, and Balancing for HVAC, for details. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Basis-of-Design Equipment – Provide as specified and scheduled with all options as required 
for full compliance. 

B. Specified Equivalents - If Specified Equivalents (refer to “Definitions” in Part 1 above) are 
proposed, comply with following requirements: 

1. Submit “Specified Equivalent Drawings” as specified in “Submittals” in Part 1 above. 

a. Provide required changes in design and adjacent construction or equipment at no 
increase in Contract Sum. 

1) Where required, provide larger motors, equipment, additional control 
devices, valves, fittings, and other miscellaneous equipment necessary for 
proper operation and provide proper location of roughing and connections to 
other Contractors. 
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2) Provide additional motors, starters, power, wiring, and control wiring 
required. 

3) Provide revisions to equipment, wiring, support structure, controls, valves, 
fittings, and other miscellaneous equipment. 

4) Additional Architectural and Engineering work, coordination, and 
documentation. 

b. If proposed arrangement for Specified Equivalent is rejected, revise to be 
compliant and resubmit or submit Basis-of-Design Equipment. 

2. Submit “Specified Equivalent Product Data” as specified in “Submittals” in Part 1 above 
to demonstrate that proposed Specified Equivalent is equal to or better than Basis-of-
Design Equipment with respect to all performance characteristics, including but not 
limited to durability, individual equipment operating costs, entire interrelated system 
operating costs, service access, noise levels, vibration levels, compatibility with Owner’s 
other existing equipment to minimize parts inventory, aesthetics where applicable, and 
similar characteristics. 

3. Do not assume that approval of a specified equivalent submittal implies approval of the 
installed product.  Correct all deviations uncovered during construction and warrantee 
period that result in or are caused by any lower performance characteristic than the 
specified Basis of Design equipment. 

C. Proposed Equivalents and Substitutions: In addition to requirements described elsewhere in 
these Contract Documents, all proposed equivalent and substitution products being considered 
shall be subject to the Specified Equivalent requirements listed above. 

2.2 MATERIALS 

A. Minimum Material Requirements: 

1. Construct potable water systems and equipment according to Plumbing Code of New 
York State. 

2. Provide electrical equipment and systems meeting UL standards and requirements of 
NEC. 

3. Provide UL label on all equipment and material with listing service. 

4. Material Flammability: 

a. Flame spread rating of 25 or less. 
b. Smoke developed rating of 50 or less. 

5. Equipment Verification:  Carefully check manufacturer's drawings and specifications as 
they affect their particular equipment; follow factory instructions for roughing, 
installation, connection, filling, lubrication, testing, balancing, adjusting, alignment, 
wiring, and start-up operation. 
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2.3 CONCRETE BASES AND SUPPORTS  

A. Use 4000-psi fc air entrained concrete, maximum #1 aggregate, all edges chamfered 1-1/2 
inches, trowel finished, and properly consolidated to eliminate voids.  Reinforce and secure to 
floor with #4 rebar dowels 18 inches O.C. 3 to 6 inches from edge around entire perimeter, 
inserted into structural slab 3 inches minimum and extending to within 1 inch of pad top.  
Enclose dowels with #4 deformed rebar ring around all dowels overlapped 18 inches minimum 
and bent in at ends 12 inches minimum, secured to dowels at center of pad height.  Roughen 
structural slab, and coat with cement grout before pour.  Ensure all equipment bolt down 
locations are within reinforcement ring, extended into structural slab as required by seismic 
considerations.   

B. Set adjustable internal threaded concrete inserts at appropriate bolt-down locations before 
pouring equipment bases. Use expansion anchors extended into structural slab as required by 
seismic considerations. If reusing existing concrete base, use expansion anchors.  After leveling 
and anchoring equipment, fill equipment bases with grout as required. 

C. Equipment Bases:  3-1/2 inches thick minimum, reinforced with 6x6-W1.4xW1.4 welded wire 
mesh, minimum 1-1/2 inches cover, doubled over 12 inches on long edges, unless otherwise 
specified 

2.4 GROUT 

A. Description:  ASTM C 1107, Grade B, non-shrink, non-metallic, high strength grout, suitable 
for interior and exterior, above and below grade applications.  

1. Characteristics:  Post-hardening, volume-adjusting, nonstaining, noncorrosive, 
nongaseous, and recommended for interior and exterior applications. 

2. Design Mix:  5000-psi, 28-day compressive strength. 
3. Packaging:  Premixed and factory packaged. 

2.5 SEALANTS 

A. Comply with requirements for sealants in non-fire rated penetrations specified in Section 07 92 
00 "Joint Sealants", and also with requirements for Air Duct sealants in Section 23 31 00 – 
Ductwork. 

B. Provide premium products specified for each application as appropriate.   

2.6 PENETRATION FIRESTOPPING 

A. Comply with requirements for sealants in fire rated penetrations specified in Section 07 84 13 
“Penetration Firestopping”. 
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B. Submit Manufacturers Product Data Sheets for each type of product selected. Certify that 
Firestop Material is free of asbestos and lead paint, and complies with local regulations. 

1. Certification by firestopping manufacturer that products supplied comply with local 
regulations controlling use of volatile organic compounds (VOCs) and are nontoxic to 
building occupants. 

C. Submit system design listings, including illustrations from qualified testing and inspection 
agency that is applicable to each firestop configuration. 

D. Submit a project specific Penetration Firestopping Schedule indicating where each firestop 
configuration will be used. 

PART 3 - EXECUTION 

3.1 HVAC DEMOLITION 

A. Refer to Division 01 Section "Execution" and Division 02 Section "Selective Structure 
Demolition" for general demolition requirements and procedures. 

B. Disconnect, demolish, and remove HVAC systems, equipment, and components indicated to be 
removed. 

1. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or 
plug remaining piping with same or compatible piping material at point of continued use 
or as otherwise specifically indicated. 

2. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same or 
compatible piping material. 

3. Ducts to Be Removed:  Remove portion of ducts indicated to be removed and cap 
remaining ducts with same or compatible ductwork material. 

4. Ducts to Be Abandoned in Place:  Cap all duct ends with same or compatible ductwork 
material. 

5. Equipment to Be Removed:  Disconnect and remove equipment and all associated 
accessories. Plug, cap, seal, and otherwise patch to match as required. 

6. Equipment to Be Removed and Reinstalled:  Disconnect and cap services and remove, 
clean, protect, and store equipment; when appropriate, reinstall, reconnect, and make 
equipment operational.  Document any existing damage before removals. 

7. Equipment to Be Removed and Salvaged:  Disconnect and cap services and remove 
equipment and deliver to Owner.  



COMMON WORK RESULTS FOR HVAC  Tetra Tech 

23 05 00 / Page 12 Project No. 203778-21001 Architects & Engineers 

C. Disposition of Removed Components: 

1. All material and equipment shown on the drawings to be removed during project Work 
that is not indicated on the drawings as being either reused or turned over to the Owner 
becomes the Contractor’s property as a part of the project including salvage value and 
legal disposal cost complete. 

2. For components that become the Contractor’s property through this removal process: 
Confirm transfer of ownership in writing then promptly remove from the site and legally 
process. 

3. For components indicated on the drawings to be turned over to the Owner: deliver to a 
project site location designated by the Owner. 

4. For components indicated on the drawings to be reused: carefully remove, protect, and 
store until appropriate time for re-installation.  Document any pre-existing damage prior 
to removals. 

5. For pipe and tubing indicated to be reused, reuse only those portions of pipe, tubing, and 
associated fitting assemblies where they are direct replacements of the as specified and as 
shown new piping assemblies. Valves, strainers, other piping specialties, and insulation 
shall not be re-used unless specifically indicated on drawings.  

3.2 EXISTING CONDITIONS 

A. Reuse materials and equipment only as indicated on Drawings. Furnish new equipment and 
materials in conformance with Contract Documents for all Heating Work, including any 
material, operation, method or device mentioned, listed or noted within Division 23 Sections, 
unless reuse is specifically indicated, or unless specified as furnished or installed by Owner, all 
Contractors, or others. 

B. If pipe, insulation, or equipment to remain is damaged in appearance or is otherwise made 
unserviceable by adjacent or associated work or error, remove damaged or unserviceable 
portions and replace with new products of equal capacity and quality.  Verify, document, and 
confirm pre-existing damage with Owner and Architect before beginning work. 

3.3 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to allow maximum possible headroom unless specific mounting heights are 
indicated. 

B. Install equipment level and plumb, parallel and perpendicular to other building systems and 
components in exposed interior spaces, unless otherwise indicated. 

C. Install HVAC equipment to facilitate service, maintenance, and repair or replacement of 
components.  Connect equipment for ease of disconnecting, with minimum interference to other 
installations.  Extend grease fittings to accessible locations. 

D. Install equipment to allow right of way for piping installed at required slope. 
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E. Ensure each equipment manufacturer: 

1. Carefully checks Contract Drawings and Specifications applicable to manufacturer’s 
equipment before roughing. 

2. Reports to Architect, before or when Shop Drawings are submitted, any discrepancies or 
conditions applied to manufacturer’s equipment that prevents proper functioning, 
servicing, and other aspects of equipment operation. 

3. Provides manufacturer's printed installation instructions for each piece of equipment. 

4. Thoroughly instructs Contractor exactly how equipment should be installed, connected, 
lubricated, started, operated, and similar aspects to ensure all factory instructions are 
rigidly followed during installation of equipment. 

F. Install, test, start, and operate equipment as instructed by manufacturer. 

G. Submit written evidence from equipment manufacturer that manufacturer’s equipment and 
systems have been: 

1. Installed in strict accordance with manufacturer's recommendations. 
2. Properly aligned and adjusted, tested, lubricated, wired, balanced, and similar operations 

H. Equipment Connections 

1. Provide final make up water, condensate, chilled water, heating water, drain, and vent 
connections to all equipment as required. 

2. Provide isolation valves and flanges or unions on the supply and return piping 
connections to all equipment arranged as required for reasonable service isolation and 
access.  

3. Provide equipment waste, drip, overflow, bleed water, condensate, and drain connections 
extended to floor or roof drains or other approved points of discharge.  Provide integral 
condensate pumps and appropriate piping for units where gravity condensate drain is not 
practical or possible. 

4. Connect equipment complete and ready-to-use, including all valves, piping, piping 
accessories, traps, pressure reducing and backflow prevention devices, gauges, relief 
valves, vents, drains, insulation, sheet metal work, controls, dampers, and similar 
components required. 

I. Precautions Against Freezing:  In addition to applicable requirements in Division 01 and 
individual technical sections, take all necessary precautions with equipment and systems to 
prevent damage to building, piping, equipment, and other components due to freezing and water 
leakage until final acceptance.  Before freezing weather occurs, make certain all:  

1. Safety features are properly functioning. 
2. Freeze protection is tested and sensing elements are properly located. 
3. Openings around outside grilles, louvers, and similar items are properly sealed; notify 

Architect in writing if openings are not adequately sealed.  
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4. Outside air dampers are tight fitting and operational, and damper motors are properly 
winterized.  

5. Air systems are properly balanced. 
6. Proper insulation is installed where required. 

J. Concealment:  Conceal all Work not specifically shown on the Drawings as exposed.  Note 
piping risers may be shown outside of walls due to scale of drawing symbols – the general 
intent is for these pipes to be concealed within the general construction if possible or if not 
possible, to be within riser chases.  If for any reason concealment is impossible, notify the 
Architect and obtain written approval before starting that part of the Work. 

K. Exposed Items:  Install exposed items as shown on Drawings or as approved by Architect.  
Obtain Architect's approval for final arrangement and appearance before installing items in 
areas without ceilings. 

L. Damaged Components and Replacement: If pipe, duct, insulation, or any HVAC component or 
equipment is damaged in appearance or is otherwise unserviceable, remove damaged or 
unserviceable portions and replace with new products of equal capacity and quality. 

3.4 ERECTION OF SUPPORTS AND ANCHORAGES 

A. Provide a complete system of support and anchorage for all Contract work.  

B. Refer to Section 23 05 29 - Hangers and Supports for HVAC Components, Section 23 05 43 – 
Mechanical Vibration and Movement Control, and Division 05 and Division 06 complete for 
detailed additional requirements. 

3.5 CONCRETE BASES 

A. Provide concrete bases for all floor-mounted HVAC systems equipment, unless specifically 
indicated otherwise in Contract Documents. 

1. Shape and size to accommodate equipment, with minimum of 6 inches clear pad all 
around perimeter unless otherwise required by equipment manufacturer. 

2. Anchor equipment to concrete base according to equipment manufacturer's written 
instructions and according to seismic requirements of Project.  Use supported equipment 
manufacturer's setting drawings, templates, diagrams, instructions, and directions 
furnished with anchorage. 

3.6 GROUTING 

A. Mix and install grout for HVAC equipment base bearing surfaces, pump and other equipment 
base plates, and anchors. 

B. Clean surfaces that will come into contact with grout. 
C. Provide forms as required for placement of grout. 
D. Avoid air entrapment during placement of grout. 
E. Place grout, completely filling equipment bases. 
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F. Place grout on concrete bases and provide smooth bearing surface for equipment. 
G. Place grout around anchors. 
H. Cure placed grout. 

3.7 FIRESTOPPING 

A. Provide Through-Penetration Firestopping Systems and Devices listed in UL Fire Resistance 
Directory under categories XHCR and XHEZ and conforming to construction type, penetrant 
type, annular space requirements and fire rating indicated or required for each application. 

B. Provide systems that withstand passage of cold smoke either as inherent property of system or 
by use of separate product included as part of UL system or device designed to perform this 
function. 

C. Applied Fireproofing: 

1. Coordinate the installation of hangers, supports and accessories from the structural steel 
with the Contractor responsible for fireproofing. Install all hangers and supports prior to 
fireproofing. 

2. Repair and/or replacement of any fireproofing removed or damaged as a consequence of 
the installation work of the Heating Work Contract shall be the responsibility of the 
Heating Work Contractor. 

a. Employ the services of an approved fireproofing contractor to repair or replace the 
fireproofing by patching any areas that have been removed or damaged due to the 
installation of work after the completion of the fireproofing. 

b. Repaired or replacement fireproofing shall match the fireproofing adjacent to the 
repaired area. All warranties shall be maintained. 

c. Remove all excess applied fireproofing from surfaces adjacent to those requiring it, 
leaving area clean and neat. 

3.8 PROTECTION 

A. Maintain systems during construction, temporary use, and until acceptance by Owner. 

1. Properly lubricate all HVAC systems bearings during use. 
2. Maintain limit controls, overload devices, and safety controls in operating condition 

during use 

3.9 ALTERATIONS  

A. Provide protection of existing facilities, demolition and removals, replacement and restoration, 
including patch-to-match requirements, and hazardous materials procedures to install Heating 
Work in conformance with Division 01 requirements. 
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B. Provide cutting and patching required to install Heating Work in accordance with the 
requirements of Division 01 covering cutting and patching. 

3.10 ADJUSTING AND CLEANING 

A. Adjust all work as required to insure systems perform as designed and as intended, including 
but not limited to the following: 

1. Adjust all registers and diffusers to insure even air distribution free of objectionable 
drafts.  Include all new and all existing to remain registers and diffusers on systems 
where HVAC modifications are made. 

2. Adjust all hangers and supports to insure proper piping slope, alignment of flexible 
connections, even loadings, proper venting and draining, proper control over thermal 
expansion, etc. 

3. Adjust all mechanical equipment insuring it runs properly as intended, providing the 
performance specified and required, and as required to maintain all warrantees.  

B. Clean work furnished or provided as part of Heating Work, including but not limited to 
equipment, control panels and devices. 

1. Refer to and comply with Section 01 50 00 - Temporary Facilities and Controls for 
additional requirements for cleaning during construction and Section 01 77 00 – Closeout 
Procedures for additional requirements for final cleaning. 

2. Remove debris, leftover piping, tubing, metal, insulation, cartons, papers, etc., resulting 
from Heating Work. 

3. Remove all rust, dirt, oil, etc. from Heating Work to be painted and maintain in condition 
ready for painting. 

4. Clean inside and outside of all equipment and distribution systems provided including 
(but not limited to) following: 

a. All enclosures. 

b. Remove all rust, oils, and similar contamination from all equipment, piping and 
supports to be painted, and leave components ready for painting. 

c. Remove debris, leftover piping, wiring, tubing, metal, insulation, cartons, papers, 
and similar items left in building or on Site.  Clean building as often as necessary 
and when directed by Architect. 

C. Final Cleaning: In addition to requirements specified in Section 01 77 00 – Closeout Procedures 
and other sections in Division 23, provide following measures. 

1. Where heating units have been used to provide temporary heat, clean all permanent 
filters, replace all disposable filters, and clean all ducts, blowers, and coils. 

2. Clean all piping strainers and replace all "startup" screens with permanent screens. 
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3. Refer to Section 23 01 20 – Hydronic Systems Cleaning and Water Treatment for 
detailed specifications on hydronic systems cleaning. 

4. Provide written notification to Architect upon completion of all final cleaning procedures 
and request inspection of final cleaning. 

3.11 DEMONSTRATION OF COMPLETED SYSTEMS: 

A. Prior to Final Completion, thoroughly demonstrate and instruct Owner’s designated 
representatives in care and operation of all heating and ventilating systems and equipment 
provided in Heating Work.  Provide necessary skilled labor to operate all systems for not less 
than 5 days and provide required instruction.  

1. In addition to Contractor’s instruction, arrange for technically qualified factory 
representatives to train Owner's designated representatives in care, maintenance, and 
operation of following manufacturer’s equipment and systems.  

a. Temperature controls. 
b. Central station air handling (ACU) equipment and units. 

2. Coordinate and schedule time and place of all training through Architect at Owner’s 
convenience. 

3. Submit letters verifying satisfactory completion of all instruction including date of 
instruction, names of persons in attendance and countersigned by authorized 
representative of Owner. 

4. Until final acceptance, Contractor retains full responsibility for systems operations and 
maintenance, even though operated by Owner's personnel during instruction, unless 
otherwise agreed to in writing. 

5. During instruction, provide list, sealed in clear plastic, outlining operating, maintenance, 
and starting precautions and procedures to be followed by Owner for operating systems 
and equipment. 

END OF SECTION 23 05 00 
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SECTION 23 05 13 - COMMON ELECTRICAL REQUIREMENTS FOR HVAC 
EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes: 

1. General requirements for single-phase and polyphase, general-purpose, horizontal, small 
and medium, squirrel-cage induction motors for use on ac power systems up to 600 V and 
installed at equipment manufacturer's factory or shipped separately by equipment 
manufacturer for field installation. 

2. Starters and drive train accessories for electric motors. 

3. Electrical auxiliary components required for HVAC systems that are not specifically 
identified in “E” series Drawings or Division 26. 

4. Electrical wiring required for HVAC systems that is not specifically identified in “E” 
series Drawings or Division 26. 

1.3 SUBMITTALS 

A. General: Submit all action submittals required by this Section concurrently. 

B. Action Submittals: 

1. Product Data:  For each type of product indicated, demonstrating compliance with all 
specified performance and construction characteristics. 

C. Closeout Submittals: 

1. Installation, Operation, and Maintenance Data:  For motors, drives, electrical power 
components, and heat trace - include in operation and maintenance manuals. 

a. Wiring Diagrams:  Employ competent technical aid to prepare composite wiring 
diagrams for field wiring of power, signal, and control wiring for all equipment 
and systems installed as part of the HVAC Work.  Deliver diagrams to proper 
parties in time for roughing of conduit and equipment connections. Clearly indicate 
all items to be mounted or wired as part of DIVISION 26.  Include as built wiring 
diagrams in O&M manual. 

23 05 13 
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1.4 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices to be compatible with the 
following: 

1. Motor controllers. 
2. Torque, speed, and horsepower requirements of the load. 
3. Ratings and characteristics of supply circuit and required control sequence. 
4. Ambient and environmental conditions of installation location. 

PART 2 - PRODUCTS 

2.1 GENERAL MOTOR REQUIREMENTS 

A. Manufacturers:  Provide products by one of following manufacturers or equal, except where 
unusual configurations involving frame, hermetic seals, shaft, bearing, or starting characteristics 
are peculiar to particular item of equipment as specified by Architect: 

1. National Resource Management (NRM). 
2. Baldor. 
3. General Electric. 
4. U. S. Motors. 

B. Provide all motors required for the work of Division 23 specifications. Comply with 
requirements in this Section except when stricter requirements are specified in HVAC 
equipment schedules or individual technical specification sections. 

C. Provide all motors suitable for operation at the frequency, voltage, and phasing of the building 
power. 

D. Provide motors 1/2 HP and larger and motors indicated as driven by variable speed drives, 
designed for operation on 3-phase power, voltage as shown on electrical plans, +/- 10 percent, 
unless specifically indicated otherwise on drawings. 

E. Provide constant speed motors 1/3 HP and smaller designed for operation on single phase, 120 
volts +/- 10 percent. 

F. Comply with NEMA MG 1 unless otherwise indicated. 

G. Comply with IEEE 841 for severe-duty motors. 

2.2 MOTOR CHARACTERISTICS AND APPLICATIONS 

A. Provide each motor suitable for continuous duty operation at ambient temperature of 40 deg C 
and at altitude of 3300 feet above sea level, and suitable for speed, enclosure, rating, type and 
horsepower not less than as scheduled or specified in Contract Documents.  Provide motor 
enclosure and maximum allowable temperature rise in degrees Centigrade over 40 deg. C 
ambient as follows, unless otherwise specified: 
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1. General Purpose: Drip-proof 40 deg. C or encapsulated design 60 deg. C. 
2. Motors, wiring, and disconnects installed in potentially flammable atmosphere: UL listed, 

NEC rated explosion proof construction, fan-cooled 50 deg. C rise. 

B. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads 
at designated speeds, at installed altitude and environment, with indicated operating sequence, 
and without exceeding nameplate ratings or considering service factor. 

C. Each equipment manufacturer is responsible for ensuring motors supplied with manufacturer’s 
equipment are fully compatible with the application and capable of starting and running driven 
equipment without undue noise, heating, or distress. 

2.3 SINGLE-PHASE MOTORS 

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and 
requirements of specific motor application: 

1. Permanent-split capacitor. 
2. Split phase. 
3. Capacitor start, inductor run. 
4. Capacitor start, capacitor run. 
5. Electronically Commutated Motor (ECM) 

B. Motors 1/20 HP and Smaller:  Shaded-pole type. 

C. Multispeed Motors:  Variable-torque, permanent-split-capacitor type. 

D. Variable Speed Motors: Electronically commutated motor (ECM) shall be of permanent 
magnet, brushless DC premium efficiency design with variable speed electronic controller 
capable of maintaining constant speed, torque, and/or cfm as required by service, capable of 
accepting 0-10vdc or 4-20mA speed control signal from building management system.  
Adjustable slow start and gradual speed changes, permanently lubricated ball bearings, and 
extra quiet operation are all included. 

E. Bearings:  Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and 
thrust loading. 

F. Thermal Protection:  Internal protection to automatically open power supply circuit to motor 
when winding temperature exceeds a safe value calibrated to temperature rating of motor 
insulation.  Thermal-protection device shall automatically reset when motor temperature returns 
to normal range. 

2.4 POLYPHASE MOTORS 

A. Single Speed General Application Motors: 

1. NEMA MG 1, Design B, medium induction motor. 
2. Efficiency:  Premium efficiency, as defined in NEMA MG 1. 
3. Service Factor:  1.15. 
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4. Random-wound, squirrel cage rotor. 
5. Re-greasable, shielded, antifriction ball bearings suitable for radial and thrust loading. 
6. Insulation:  Class F. 
7. Temperature Rise:  One class below insulation rating. 
8. Motors Smaller than 15 HP:  Manufacturer's standard starting characteristic. 
9. Enclosure Material:  Manufacturer's standard rolled steel or cast iron enclosures 

corresponding to NEMA rating and application requirements. 

B. Multi-Speed General Application Motors:   

1. Similar to single speed motor requirements above, with separate winding for each speed. 

2. Motors Used with Reduced-Voltage and Multispeed Controllers:  Match wiring 
connection requirements for controller with required motor leads.  Provide terminals in 
motor terminal box, suited to control method. 

C. Motors Used with Variable Frequency Controllers: 

1. Motors shall meet all other requirements of this document, the driven equipment 
manufacturer, and the Variable Frequency Controller manufacturer, and be rated for this 
service with the drive and voltage intended.  Ratings, characteristics, and features 
coordinated with and approved by controller manufacturer. 

2. All three phase motors for use with variable frequency controllers shall be special 
application, inverter duty premium efficiency motors of cast iron construction.   

3. Ratings shall be in accordance with NEMA MG-1, Part 31 requirements for the specific 
application. 

4. Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and 
tested to resist transient spikes, high frequencies, and short time rise pulses produced by 
pulse-width modulated inverters. 

5. Class B temperature rise; Class F insulation. 

6. Thermal protection via one Class F thermostat per phase, NEMA MG 1 compliant with 
requirements for thermally protected motors. 

2.5 MOTOR ACCESSORIES 

A. For all new motor installations, whether in new equipment or installed as replacement motors, 
provide accessories listed below as required for a complete new drive system. 
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2.6 STARTERS 

A. Manufacturers:  Provide all starting equipment and control devices manufactured by same 
manufacturer and furnished through single responsible supplier unless otherwise specified in 
Contract Documents.  Factory-wired or assembled packaged equipment may be provided with 
starting equipment of any acceptable manufacturer. 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. Cutler-Hammer  
2. General Electric  
3. Square D  

B. Provide starters, contactors, and controllers complying with applicable NEMA standards, 
minimum size 0, and enclosed in enclosures of type appropriate for environment where installed 
including general purpose, explosion proof, weather resistant, or weather-tight construction as 
required. 

C. Ensure all parts subject to wear, arcing, and similar use are easily removable. 

1. Provide necessary auxiliary contacts for each starter subject to electrical interlock or 
automatic control. 

2. Equip magnetic starters for motors operating 208 volts and over, line-to-line, equipped 
with self-contained light loads imposed thereon with a control transformer having a 120-
volt grounded secondary winding, and having 120-volt starter operating coils. 

D. Provide combination-type magnetic starters with fused disconnect switches. Fuse with class R 
fuses.   Protect all starters with manual reset, solid state overload relay equal to (Square “D” 
motor logic) in one leg of single phase line to neutral circuits, in two legs of single phase line-
to-line circuits, and in three legs of 3-phase circuits. 

E. Provide 6-volt, red pilot light, integral transformer and long life bulb for all starters and 
contactors. 

F. Manual Starters:  Toggle operated, single pole for line to neutral circuits, two pole for line-to-
line circuits, with thermal overload devices and neon pilot light; flush mounted unless shown 
otherwise, ganged with selector switch for multispeed applications.  Provide manual starters 
similar to one of the following:  

1. General Electric CR-101  
2. Cutler-Hammer 9101  
3. Square D Class 2510  

G. Combination Magnetic Starters:  Single speed, across the line, HAND-OFF-AUTO selector 
switch in cover.  Provide combination magnetic starters similar to one of the following:  

1. Cutler-Hammer 9589  
2. General Electric CR-107  
3. Square D Class 8538  
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H. Magnetic Contactors: With control coil in series with temperature controls as required. 

2.7 COMPONENTS 

A. Electrical Wiring: Provide all materials conforming to NEMA Standards and UL approved for 
intended service.  Refer to appropriate sections in Division 26. 

PART 3 - EXECUTION  

3.1 EXAMINATION 

A. Verification of Conditions:  Examine conditions under which materials and methods are to be 
installed and notify Architect in writing of any conditions detrimental to proper and timely 
installation.  Do not proceed with installation until unsatisfactory conditions have been 
corrected in acceptable manner. 

1. Installation indicates conditions are acceptable to Contractor as required to ensure 
requirements for applicable warranty or guarantee can be satisfied. 

2. Motors and Starters:  Confirm electrical characteristics for all equipment. 

3. Electrical Wiring:  Check all electrical wiring associated with equipment for compliance 
with specifications and correctness of connections.  Correct wiring in event equipment or 
devices fail to function in specified manner, whether due to incorrect connections or 
improper information and wiring diagrams.  

B. Inspect and perform tests on project electrical wiring, including infrared scans (thermography), 
resistance testing, or other industry standard testing as required to demonstrate acceptable 
wiring.  Owner reserves the right to provide their own additional similar testing: 

1. Cost of Contractor’s testing included in bid price. Cost of Owner’s testing of acceptable 
installations provided at Owner’s expense.   

2. Repair installations not passing Contractor’s or Owner’s quality inspection testing using 
approved method or replace at no additional cost. 

3. Cost of initial testing of wiring not conforming to specified requirements and any 
retesting of repairs or replacement work deducted from Contract Sum. 

3.2 INSTALLATION 

A. Motors and Starters 

1. Correct, at no additional cost, any misapplied motor or starter combination and improper 
thermal overload devices for motor starters provided as part of HVAC systems or 
components, along with damage to other equipment or construction. 
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2. Motors:  Provide motors furnished by equipment manufacturer, specifically manufactured 
or selected for equipment served; mounted, and installed to provide complete installation 
that is substantially noiseless in performance under intended use.  Replace motors 
unsatisfactory to Architect with new motor. 

3. Starters and Accessories 

a. Provide starters and disconnects for all HVAC equipment. Refer to Equipment 
Schedules. 

b. Provide auxiliary contacts required for temperature controls, interlock with other 
equipment, alarms, and similar components and applications. 

B. Miscellaneous Electrical Wiring included in HVAC systems installations: 

1. Provide all control wiring and power wiring for all equipment and associated control 
devices (including automatic control system) required for HVAC systems and 
components.  

2. Comply with all applicable NEC requirements.  Install all electric wiring in accordance 
with all local and state codes and regulations having jurisdiction.  

3. Wiring for Controls:  Provide wiring specified in Section 23 09 00 – Instrumentation and 
Control for HVAC, for all control devices required for temperature control system and 
other miscellaneous controls not included in "Electrical Equipment and Control 
Schedule".  

4. Allow sufficient headroom under equipment as directed for each location (unit heater, 
etc.). Verify space available for each equipment item.  Refer to Architect for any 
correction, discrepancy or suggested change in size of location. 

5. Secure all equipment and fixture mountings, wiring devices, and accessories (clips, 
supports, etc.) to structure with screws, bolts, or similar items; nailing not acceptable. 

END OF SECTION 23 05 13 
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SECTION 23 05 19 - METERS AND GAUGES FOR HVAC SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Liquid-in-glass thermometers. 
2. Thermowells. 
3. Dial-type pressure gauges. 
4. Gauge attachments. 

1.3 SUBMITTALS 

A. Procedural Requirements:  Comply with requirements of SECTION 01 33 00 - Submittals and 
as modified below. 

1. Specified Products: If product to be incorporated into Project is specified by name and 
product designation in Part 2 below, submit “As-Specified Verification Form” (attached 
to SECTION 01 33 00 - Submittals) in lieu of “Product Data” identified below in this 
Article. 

2. Equivalent Products or Substitutions: If product to be incorporated into Project is not 
specified by name and product designation in Part 2 below, comply with all Action 
Submittal requirements specified below. 

B. Action Submittals: 

1. Submit all action submittals required by this Section concurrently. 
2. Product Data:  For each type of product indicated, demonstrating compliance with 

specifications.  Include schedules of locations and ranges proposed. 

C. Closeout Submittals: 

1. Approved submittal. 

a. If “As-Specified Verification Form” submittal is approved, also include product 
data for all valves used. 

2. Include all information required in SECTION 01 78 23 – Operation and Maintenance 
Data for all meters and gauges used. Include wiring diagrams for meter power, signal, 
and control wiring. 

23 05 19 



METERS AND GAUGES FOR HVAC SYSTEMS  Tetra Tech 

23 05 19 / Page 2 Project No.  203778-21001 Architects & Engineers 

PART 2 - PRODUCTS 

2.1 LIQUID-IN-GLASS THERMOMETERS 

A. Metal-Case, Industrial-Style, Liquid-in-Glass Thermometers: 

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. Trerice, H. O. Co. 
b. Weiss Instruments, Inc. 
c. WIKA Instrument Corporation - USA. 
d. Winters Instruments - U.S. 

2. Standard:  ASME B40.200. 

3. Case:  Cast aluminum; exterior grade powder coated finish, 9-inch nominal size unless 
otherwise indicated. 

4. Case Form:  Adjustable angle unless otherwise indicated. 

5. Tube:  Glass with magnifying lens and non-mercury blue or red organic liquid. 

6. Tube Background:  Non-reflective with permanently etched scale markings graduated in 
deg F. 

7. Window:  plastic. 

8. Stem:  Bare aluminum of length to suit installation. 

9. Connector:  1-1/4 inches, with ASME B1.1 screw threads. 

10. Accuracy:  Plus or minus 1 percent of scale range or one scale division, to a maximum of 
1.5 percent of scale range. 

2.2 THERMOWELLS 

A. Thermowells: 

1. Standard:  ASME B40.200. 
2. Description:  Pressure-tight, socket-type fitting made for insertion into piping tee fitting. 
3. Material for Use with Copper Tubing or Steel Piping:  solid machined de-zincification 

resistant brass or stainless steel. 
4. Type:  Stepped shank unless straight or tapered shank is indicated. 
5. External Threads:  ASME B1.20.1 pipe threads, size as required for sensors. 
6. Internal Threads:  ASME B1.1 screw threads, size as required for sensors. 
7. Bore:  Diameter required to match thermometer bulb or stem. 
8. Insertion Length:  Length required to match thermometer bulb or stem. 
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9. Lagging Extension:  Include on thermowells for insulated piping and tubing. 
10. Bushings:  For converting size of thermowell's internal screw thread to size of 

thermometer connection. 

B. Heat-Transfer Medium:  Mixture of graphite and glycerin unless otherwise required by sensor 
manufacturer. 

2.3 PRESSURE GAUGES 
 
A. Direct Mounted, Dial Type Pressure Gauges: 

1. 4-1/2-inch diameter flat white dials with black characters and graduations, micrometer 
style or externally adjustable zero point, providing 0.5 percent accuracy at mid scale and 
1.0 percent accuracy full scale, certified to ANSI (ASME) B40.100 grade 1A with scales 
reading in psig. 

2. Direct drive helically wound inconel bourdon tube movement with sapphire jeweled 
bearings or liquid filled stainless steel rotary type movement, rated for pump-mounted 
service, with bourdon tubes of seamless phosphor bronze alloy with silbrazed tips and 
forged brass sockets. 

3. Impact resistant ABS, drawn steel or cast aluminum case with blow out grommet, snap 
ring, and “shatterproof” acrylic lens. 

4. Provide ranges to read maximum design pressure at between 1/2 and 3/4 of maximum 
range. 

5. Provide combination vacuum pressure gauges where indicated or required. 

6. Provide 1/4-inch NPT connections located at bottom, lower back, or center back as 
required. 

7. Provide five-year warranty. 

8. Products: Provide one of the following: 

a. “TLG” by 3D Instruments or equal 
b. Ashcroft Duradrive model 1290 or equal 
c. Wika 232.34DD series or equal. 

2.4 GAUGE ATTACHMENTS 

A. Snubbers:  ASME B40.100, brass; with, ASME B1.20.1 pipe threads and piston or porous-
metal-type surge-dampening device.  Include extension for use on insulated piping. 

B. Valves:  Brass or stainless-steel needle type, slow opening, bubble tight shutoff, with 
ASME B1.20.1 pipe threads. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas, with Installer present, 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. 
C. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 INSTALLATION 

A. Install meters and gauges adjacent to machines and equipment in easily readable position but 
protected locations to allow and facilitate service and maintenance of meters, gauges, machines, 
and equipment. 

B. Install thermowells with socket extending one-third of pipe diameter and in vertical position in 
piping tees. Provide thermometer stems of length to match thermowell insertion length. 

C. Install thermowells of sizes required to match thermometer connectors.  Include bushings if 
required to match sizes. For pipe sizes 1 inch and smaller, increase pipe size by one size at 
location of thermowell to minimize obstruction. 

D. Install thermowells with extension on insulated piping.  Insulate fitting past piping well and 
neatly terminate insulation at thermometer body minimizing heat loss while allowing for 
adjustment. 

E. Fill thermowells with heat-transfer medium. 

F. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions. 

G. Install direct-mounted pressure gauges in piping tees with pressure gauge located on pipe at the 
most readable position. 

H. Install valve and snubber in piping for each pressure gauge for fluids (except steam). 

3.3 LOCATIONS 

A. Install thermometers in the following locations, and as additionally shown on drawings: 

1. Inlet of each pump. 

B. Install pressure gauges in the following locations: 

1. One pressure gauge for each pump with 4 isolation ball valves and snubber, piped to read 
pressure before suction diffuser screen, at pump suction, at pump discharge, and 
atmospheric.  Valve installed open to atmosphere for zero adjustment of each gauge. 
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2. One pressure gauge for each hydronic expansion tank with 2 isolation ball valves and 
snubber, piped to read pressure in tank air or atmosphere.  Valve installed open to 
atmosphere for zero adjustment of each gauge. 

3. One pressure gauge for each bypass filter with 3 isolation ball valves and snubber, piped 
to read pressure before and after filter or atmospheric.  Valve installed open to 
atmosphere for zero adjustment of each gauge. 

3.4 ADJUSTING 

A. After installation, calibrate meters and gauges according to manufacturer's written instructions.  
Coordinate calibration with Testing and Balancing Agency (TAB) and include results in TAB 
report. 

B. Adjust faces of meters and gauges to proper angle for best visibility. 

3.5 THERMOMETER SCALE-RANGE SCHEDULE 

A. Provide thermometers of approximately the scale range indicated: 

1. Scale Range for Heating, Hot-Water / Glycol Piping: 30 to 250 deg F . 

3.6 PRESSURE-GAUGE TYPE SCHEDULE 

A. Pressure gauges shall all be direct drive as specified. 

3.7 PRESSURE-GAUGE SCALE-RANGE SCHEDULE 

A. Scale Range for Heating, Hot-Water Piping:  0 to 100 psi 

END OF SECTION 23 05 19 
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SECTION 23 05 23 – GENERAL DUTY VALVES FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Brass and bronze ball valves. 
2. Iron, single-flange butterfly valves. 
3. Iron, grooved-end butterfly valves. 
4. Pump Discharge Valves. 
5. Bronze globe valves. 
6. Air vent valves 

1.3 DEFINITIONS 

A. CWP:  Cold working pressure. 
B. EPDM:  Ethylene propylene copolymer rubber. 
C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber. 

1.4 SUBMITTALS 

A. Procedural Requirements:  Comply with requirements of SECTION 01 33 00 - Submittals and 
as modified below. 

1. Specified Products: If product to be incorporated into Project is specified by name and 
product designation in Part 2 below, submit “As-Specified Verification Form” (attached 
to SECTION 01 33 00 - Submittals) in lieu of “Product Data” identified below in this 
Article. 

2. Equivalent Products or Substitutions: If product to be incorporated into Project is not 
specified by name and product designation in Part 2 below, comply with all Action 
Submittal requirements specified below. 

B. Action Submittals: 

1. Product Data: Submit concurrently for each type of valve proposed, demonstrating 
compliance with requirements. 

23 05 23 
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C. Closeout Information, for inclusion in Operations and Maintenance Manual: 

1. Approved submittal. 

a. If “As-Specified Verification Form” submittal is approved, also include product 
data for all valves used. 

2. Include all information required in SECTION 01 78 23 – Operation and Maintenance 
Data. 

3. Receipt: For spare automatic flow control valve cartridges. 

4. Valve Chart:  Refer to Section 23 05 00 – Common Work Results for HVAC, for details. 

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 B31.9 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. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR VALVES 

A. Refer to HVAC valve schedule articles for applications of valves. 
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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. Handwheel:  For valves other than quarter-turn types. 
2. Handlever:  For quarter-turn valves NPS 5 and smaller. 

E. Valves in Insulated Piping:  With 2-inch stem extensions and the following features: 

1. 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. 

2. Butterfly Valves:  With extended neck. 

F. Valve-End Connections: 

1. Flanged:  With flanges according to ASME B16.1. 
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. 

2.2 BRONZE AND BRASS BALL VALVES 

A. Two-Piece 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. Conbraco Industries, Inc.; Apollo 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:  Solder or Threaded. 
g. Seats:  PTFE or TFE. 
h. Stem:  Stainless steel. 
i. Ball:  Stainless steel, vented. 
j. Port:  Full or Regular per application schedule. 
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2.3 IRON, GROOVED-END BUTTERFLY VALVES 

A. 300 CWP, Iron, Grooved-End Butterfly Valves: 

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. Anvil International, Inc; “Gruvlock”. 
b. NIBCO INC. 
c. Victaulic Company. 

2. Description: 

a. Standard:  MSS SP-67, Type I. 
b. NPS 8 and Smaller CWP Rating:  300 psig. 
c. Body Material:  Coated, ductile iron. 
d. Stem:  Two-piece stainless steel. 
e. Disc:  EPDM/Teflon coated ductile iron. 
f. Seat:  EPDM/Teflon, reinforced, resilient, for water temperatures up to 250 deg. F 

at 150 PSI. 

2.4 PUMP DISCHARGE VALVES 

A. Provide pump discharge valve for each new pump and as otherwise noted on drawings.   

1. For constant speed pump applications, provide pump manufacturer’s “triple duty valve” 
sized to provide maximum 3 feet water gauge pressure drop at the design flow. 

2. For variable speed pump applications, provide either pump manufacturer’s “triple duty 
valve” or a combination of a venturi measuring station, non-slam check valve, and 
isolation valve, all as specified.  Size to larger of full line size or as required to provide 
maximum 3 feet water gauge pressure drop at the design flow. 

B. Pump manufacturer’s “triple-duty valve”: 

1. 175-psig pressure rating, cast-iron body of angle or straight pattern.  

2. Globe style combination shutoff, calibrated multi-turn flow throttling / measuring, and 
spring loaded non-slam check valve.  

3. Include gage ports with integral check valve, and provision for attaching a portable 
differential pressure meter, with each meter connection having positive shutoff access 
valves. 

4. Provide with removable insulating cover providing minimum R value of 5.   

C. 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. “Model 3D Triple Duty Valve” by Bell & Gossett. 
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2. Armstrong. 
3. Paco. 
4. Victaulic. 

2.5 AIR VENTS 

A. Manual Air Vents: 

1. For All Pipe Sizes In Accessible Locations Only:  Bronze body, quarter turn ball valve 
with minimum 1/4-inch discharge and inlet connections. Provide collection chamber at 
inlet and 1/4-inch tube with return bend on outlet, piped to point of collection. 

2. For Terminal Units In Accessible Locations: Bronze or brass body and non-ferrous 
internal parts, 150 PSIG working pressure, 225 deg. F operating temperature. 1/8-inch 
MNPT inlet connection. Coin or key operated, supply three keys minimum to owner. 
Similar to “Model 4V” by Bell & Gossett. 

B. Automatic Air Vents: 

1. High Capacity Type: Cast iron body with internal working parts of stainless steel, brass, 
bronze, and EPDM and float-operated sealing valve designed to purge free air from the 
system and provide positive shut off at pressures to 125 PSIG and temperatures to 250 
deg. F.  Vent prevents air from entering the system if system pressure drops below 
atmospheric.  Vent readily serviceable by disassembly to access the internal working 
parts. Similar to “Model “107A” by Bell & Gossett or “720” by Amtrol. 

2. Standard Capacity Type: Cast bronze body with internal working parts of stainless steel, 
brass, bronze and EPDM and float operated sealing valve designed to purge free air from 
the system and provide positive shut off at pressures to 150 PSIG and temperatures to 
230 deg. F. Vent prevents air from entering the system if system pressure drops below 
atmospheric. Vent readily serviceable by disassembly to access the internal working 
parts. Similar to “No. 700-C” or “701-C” by Amtrol. 

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. 
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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. Verify dielectric bolt kits are 
provided for flanged connections between dis-similar materials. 

E. Do not attempt to repair defective valves; replace with new valves. 

3.2 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. Install special purpose hydronic valves (safety relief valves, reduced pressure zone backflow 
prevention devices, pressure reducing valves, etc.) as specified in section 23 21 13 – Hydronic 
Piping. 

B. Install isolation valves with unions or flanges at each piece of equipment arranged to allow 
service, maintenance, and equipment removal without system shutdown. 

1. Install boiler isolation valves on system side of boiler specialty components especially 
safety components like relief valves and low water cutoff devices.  

C. Install isolation valves at each new branch connection serving three or more pieces of terminal 
equipment, and as additionally shown on drawings. 

D. Install check valves at each pump discharge and elsewhere as required to control flow direction. 

E. If valves with specified CWP ratings are not available, the same types of valves with higher 
CWP ratings may be substituted. 

F. Select valves with the following end connections: 

1. For Copper Tubing, NPS 2 inch and Smaller:  Threaded or solder joint ends. 
2. For Copper Tubing, NPS 2-1/2 inch and larger:  Flanged ends. 

3.3 GENERAL DUTY VALVE SCHEDULE  

A. Unless otherwise specifically indicated elsewhere, use the following: 

B. Hydronic Flow Shutoff Service:   

1. 2 inch and smaller: Full Port Ball Valves 
2. 2-1/2” and larger: Butterfly Valves. 

C. Pressure Gage Shutoff Service:  Standard or Full Port Ball valves. 

D. Pump Service:  

1. Suction: Provide full line size isolation valve at pump inlet before reducers, flex 
connections, and suction diffuser. 
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2. Discharge:  

a. For VSD driven pumps, the pump discharge valve may consist of a manufacturer’s 
triple duty valve or alternately a combination of a venturi measuring station as 
specified in Section 23 05 19, a non-slam check valve, and an isolation valve.  

b. Install with sufficient length of straight pipe before and after valve as 
recommended by manufacturer to obtain good and stable measurements. 

E. Hydronic System Drain Service:  Provide drain valves at all system local or global low points as 
required for complete system drainage. 

1. 2-1/2 inch and larger service: Provide ¾ inch full port ball valves with ¾ inch hose thread 
end and chained cap. 

2. 2 inch and smaller service: Provide ¾ inch full port ball valves, with ¾ inch hose thread 
end and chained cap. 

F. Hydronic System Air Venting: 

1. Manual vents: provide standard or full port ball valve, minimum 1/4” NPT; ½” NPT on 
4” and larger piping. 

2. Provide Standard Capacity Type Automatic Air Vent at accessible points in piping 
system where air may collect, including all local high points and at the end of each 
horizontal run before a drop in elevation.   

a. If any such point will be inaccessible after construction is complete, provide only 
Manual Air Vent in lieu of automatic, installed as described below. 

3. Equipment Air Vents: 

a. Provide High Capacity Automatic Air Vent above each air and air/solids separator. 

b. Boilers: Provide High Capacity Automatic Air Vent.  

c. Equipment Above Mains:  Connect run outs or risers to upper quadrant or top of 
mains.  Install vent assembly at branch high point, concealed within enclosure if 
possible, consisting of 1 in. diameter by 6 in. long air collection chamber with 1/4 
in. soft copper tube to manual valve.  Mount securely near bottom of enclosure, but 
not fastened to enclosure.  For individual units, radiators, fan convectors and units 
with return grilles:  Provide coin air vent valve, operated from discharge grille or 
access door.  Positioning of valve shall not interfere with removal of enclosure. 

d. Equipment Below Mains:  Connect piping run outs or risers to bottom or lower 
quadrant of mains.  Vent assembly not required in unit.  Provide means of purging 
and draining each unit.  Use tees instead of ells at low point of run outs. 
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3.4 VALVE INSTALLATION 

A. When installing solder-joint end valves, protect valve body from soldering heat using water 
soaked rags or other heat sink method as required to avoid valve damage.  Leaking stems or 
seats on solder-joint end valves shall be subject to immediate replacement with new valve. 

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 and handle movement. 

E. Install all Automatic Air Vents above manual vent assembly described below, with discharge 
piped to point of collection - for glycol venting, pipe discharge to glycol feed station as shown, 
or if not shown to minimum 1 quart clear plastic container, secured and removable for service. 

F. Install all Manual Air Vents with air collection chamber above flow piping (minimum line size 
diameter x 6 inches long), and minimum ¼” tube extended to accessible location, terminating 
with ball valve located so liquid discharged during venting may easily be collected in minimum 
1 quart container.  

1. Coin vents may be connected directly to equipment served. 

3.5 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. 

END OF SECTION 23 05 23 
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SECTION 23 05 29 - HANGERS AND SUPPORTS FOR HVAC COMPONENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

B. Division 06 section “Roofing Rough Carpentry” for roof mounted support blocking. 

1.2 SUMMARY 

A. Section Includes 

1. Hangers and supports for (but not limited to) following components: 

a. Piping hangers and supports 

2. Miscellaneous components and accessories including (but not limited to): 

a. Anchors 
b. Guides 
c. Fasteners 
d. Custom supports 
e. Insulation protection systems 

1.3 DEFINITIONS 

A. MSS:  Manufacturers Standardization Society of the Valve and Fittings Industry Inc. 

1.4 PERFORMANCE REQUIREMENTS 

A. Provide corrosion resistant construction as described below for hangers, hanger rods, supports, 
fittings, hardware, etc, unless otherwise noted or approved.  Note that not all products described 
below are available in corrosion resistance as required for all applications listed – select 
appropriate corrosion resistant products as required.  Multiple conditions may apply, in which 
case the more corrosion resistant construction is required: 

1. General purpose indoor: ASTM B-633 Fe/Zn 25 minimum zinc plated fasteners, ASTM 
B-653 G90 minimum sheet steel, factory baked enamel paint, or anodized. 

2. In contact with copper: Copper plated for size identification and felt lined or plastic 
coated. 

3. Miscellaneous fabricated custom supports, anchor bases, etc..: painted in accordance with 
Section 23 05 00 – COMMON WORK RESULTS FOR HVAC. 

23 05 29 
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4. Other special conditions: where noted on drawings, provide materials of special 
temperature, corrosion resistance, or other properties, as required for durable and safe 
performance. 

B. Allowable Working Loads: 

1. Use only manufacturer’s load rated hangers, supports, and fasteners designed and rated 
for the intended service. 

2. Do not load connectors, hangers, or supports to more than the manufacturers’ 
recommended working load or the following: 

 
a. Use a safety factor of 5:1 minimum with respect to manufacturers’ published 

ultimate shear strength. 
b. Use a safety factor of 10:1 minimum with respect to manufacturers’ published 

ultimate tension or pull-out strength. 

C. Structural Performance:  Hangers and supports for HVAC piping and equipment shall withstand 
the effects of gravity loads and stresses within limits and under conditions indicated according 
to ASCE/SEI 7. 

1. Design supports for multiple pipes, including pipe stands, capable of supporting 
combined weight of supported systems, system contents, service loads, and test water. 

2. Design equipment supports capable of supporting combined operating weight of 
supported equipment and connected systems and components. 

3. Design seismic-restraint hangers and supports for piping and equipment and obtain 
approval from authorities having jurisdiction. 

1.5 SUBMITTALS 

A. Product Data:  Submit manufacturer’s product literature, technical specifications, and other data 
required to demonstrate compliance with specified requirements for following components: 

1. Hangers and supports 
2. Miscellaneous components 

B. All supports, etc., shall meet the approval of the Architects / Engineers.  Submit shop drawings 
showing fabrication and installation details including calculations for the following; include 
Product Data for components: 

1. Trapeze pipe hangers. 
2. Metal framing systems. 

1.6 QUALITY ASSURANCE 

A. Comply with applicable requirements of following standards for all hangers and supports: 

1. MSS-SP-58 Pipe Hangers and Supports – Materials, Design, and Manufacture.  
2. MSS-SP-69 Pipe Hangers and Supports – Selection and Application. 
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3. ANSI / ASME Code for Pressure Piping B 31.1 
4. ASTM standards for corrosion resistant Zinc coatings. 
5. AWS D1.1/D1.1M, "Structural Welding Code - Steel." 
6. UL 203 Standard for Pipe Hanger Equipment and Fire Protection Service 
7. Metal Framing Association MFMA-2  
8. ANSI/ NFoPA NDS - National Design Specification for Wood Construction 
9. SMACNA – Sheet Metal and Air Conditioning Contractor’s National Association, Inc. 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. For convenience, details and specifications have been based on product types as defined in MSS 
SP-58 and 69 where applicable, and, where not applicable, catalog numbers shown have been 
based on products by the listed manufacturers. 

2.2 PIPING ATTACHMENTS 

A. Individually Suspended Horizontal Rigid Piping or Tube Attachments: 

1. Band type:  

a. 1-1/4 inch diameter pipe size and less only. 
b. Formed steel loop overlapped at top with rod sized hole or insert nut.  With or 

without side insert closure. 
c. MSS SP-58 type 5, 6, or 10. 

2. Clevis type: 

a. Any size pipe or tubing. 
b. Formed steel bands top and bottom connected by sheer bolt. 
c. MSS SP-58 type 1. 

3. Roller type: 

a. Any size pipe or tubing. 

b. Radiused or angled roller and steel axle; yoke for single hanger rod or end sockets 
for double rod applications.  Designed to accommodate longitudinal movement 
through roller action. 

c. MSS SP-58 type 41 and 43. 

4. Provide products by one of the following manufacturers:  

a. B-Line Systems, Inc., Highland Illinois, or equal 
b. ERICO/Michigan Hanger Co.; Solon, Ohio, or equal 
c. Grinnell Corporation; Pipe Support Division, Cranston, Rhode Island, or equal. 
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B. Supported from below Horizontal Rigid Piping or Tube Attachments: 

1. Split Ring type:  

a. 1-1/4 inch diameter pipe size and less only. 

b. Cast malleable iron split ring with steel pivot and bolt, cast boss on one side 
threaded for standard rod or pipe attachment.  Designed to accommodate minimal 
longitudinal movement only. 

c. MSS SP-58 type 12. 

2. Stanchion Saddle type: 

a. Any size pipe and tubing. 

b. Radiused pipe saddle support with U-bolt upper restraint.  Threaded adjuster rod or 
pipe integral / welded to saddle for vertical adjustment.  Designed to accommodate 
minimal longitudinal movement only. 

c. MSS SP-58 type 37. 

3. Roller type: 

a. Any size pipe or tubing. 

b. Radiused or angled roller and steel axle with end sockets for double rod 
applications.  Provide with U-bolt upper restraint.  Designed to accommodate 
longitudinal movement through roller action. 

c. Roller MSS SP-58 type 41 and U-bolt MSS SP-58 type 24. 

4. Provide products by one of the following manufacturers:  

a. B-Line Systems, Inc., Highland Illinois, or equal 
b. ERICO/Michigan Hanger Co.; Solon, Ohio, or equal 
c. Grinnell Corporation; Pipe Support Division, Cranston, Rhode Island, or equal. 

C. Group Supported or Suspended (Trapeze) Horizontal Rigid Piping or Tube Attachments 
(Common Support Beam): 

1. Support frame or trapeze beam of load rated brackets or channel strut product. 

2. U-Bolt type: 

a. Any size pipe or tubing. 

b. Insulation support system rests directly on beam or shim, with U-bolt or split strut 
clamp upper restraint.  Designed to accommodate minimal longitudinal movement 
only. 

c. U-bolt MSS SP-58 type 24, Strut clamp similar to B-Line “B-2000” series. 
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3. Radius Roller type: 

a. Any size pipe or tubing. 

b. Radiused roller and steel axle with end sockets for double rod applications.  
Provide with U-bolt upper restraint.  Designed to accommodate longitudinal 
movement through roller action. 

c. Roller MSS SP-58 type 41 and U-bolt MSS SP-58 type 24.  

4. Angled Roller type:  

a. 6 inch diameter pipe size and less only. 

b. Angled rollers with steel axles and formed steel angle clips designed for channel 
strut mounting.  Provide with U-bolt upper restraint.  Designed to accommodate 
longitudinal movement through roller action. 

c. Roller similar to B-Line “B218” or “B219” and Strut clamp similar to B-Line “B-
2000”. 

5. Provide products by one of the following manufacturers:  

a. B-Line Systems, Inc., Highland Illinois, or equal 
b. ERICO/Michigan Hanger Co.; Solon, Ohio, or equal 
c. Grinnell Corporation; Pipe Support Division, Cranston, Rhode Island, or equal. 

D. Individual Vertical Rigid Piping and Tube Attachments:  

1. Split Ring type:  

a. 1-1/4 inch diameter pipe size and less only. 

b. Cast malleable iron split ring with steel pivot and bolt, cast boss on one side 
threaded for standard rod or pipe attachment.  Designed to accommodate minimal 
longitudinal movement only. 

c. MSS SP-58 type 12. 

2. Riser clamp type:  

a. 1-1/2 inch diameter pipe size and larger. 

b. Twin formed steel bands with formed radius to fit pipe and extension wings drilled 
for clamping bolts, space between extension wings designed to accept various 
connections to building structure. 

c. MSS SP-58 type 8. 

3. Provide products by one of the following manufacturers:  

a. B-Line Systems, Inc., Highland Illinois, or equal 
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b. ERICO/Michigan Hanger Co.; Solon, Ohio, or equal 
c. Grinnell Corporation; Pipe Support Division, Cranston, Rhode Island, or equal. 

E. Flexible Pipe, Tube, or Hose: 

1. Lengths three feet and under to be supported by adjacent piping system. 

2. Similar to attachments for rigid piping systems described above, with “V” notch bottom 
in lieu of radius, and associated continuous rigid trough angle of same material spanning 
between attachments. 

F. Piping Insulation Protection Systems: 

1. Pipe Insulation Shields: 

a. One Piece: 

1) Formed steel, minimum 18 gauge thickness, longer of 2 times diameter or 
12-inch long minimum, and 180 degree circumference, sized for insulation 
thickness.  

2) MSS SP-58/69 type 40. 

b. Two Piece Sliding: 

1) Manufactured two piece sliding shield system designed to accommodate 
thermal movement. 

2) MSS SP-58/69 type 40 inner shield similar to one piece shield above 
adhered to pipe insulation, with second outer shield of formed steel, 
minimum 18 gauge thickness, one times diameter length 6-inch long 
minimum, and 180 degree circumference, sized to fit outside inner shield, 
with formed ribs to keep shield centered on support clevis or trapeze.  

3) Inner and outer shields separated by layer of PTFE (Teflon), minimizing 
friction between shields and allowing minimum four inches controlled pipe 
movement relative to hanger without insulation damage or outer shield 
moving past the end of the inner shield. 

2. Type “A” Insulation Protection System:  

a. 1” piping and smaller only. 
b. Provide one piece or two piece sliding shield as required by distance from piping 

anchors.  

3. Type “B” Insulation Protection System:  

a. 1¼” through 8” heating piping only. 

b. Provide one piece or two piece sliding shield as required by distance from piping 
anchors.  
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c. Pipe Support Insulation: High density (20 pcf). molded fiberglass blocks consisting 
of fiberglass wool and urea-phenolic resin cured binder. Provide number and size 
of support blocks as required to limit deflection to 1% and avoid long-term damage 
to vapor barrier, and as required for pipe size and insulation thickness, in 
accordance with manufacturer’s written guidelines and project details.  Seal cut in 
piping insulation vapor barrier using manufacturer’s recommended matching tape.  
Similar to AHAMFAB H-Block" by ICA 

4. Type “C” Insulation Protection System: 

a. Acceptable for any size heating or cooling piping. 

b. Manufacturer’s assembly consisting of insulation shield, high compressive strength 
insulation, and vapor barrier covering.  May include hanger also. 

c. Hanger: As required above, secured to shield and support insulation. 

d. Insulation Shield: Provide one piece or two piece sliding shield as required by 
distance from piping anchors. 

e. High Compressive Strength Insulation: 180 or 360-degree circumference insulation 
insert formed of water resistance treated hydrous calcium silicate (untreated cal-sil 
not acceptable) or cellular glass insulation, same thickness as adjacent insulation. 

f. Vapor Barrier Covering: White kraft outer surface bonded to aluminum foil, 
sandwiching reinforcing fiberglass skrim yarn, permanently treated for fire and 
smoke safety and to prevent corrosion of the foil, with a vapor transmission perm 
rating of 0.02 or less.  Seal to piping insulation vapor barrier using manufacturer’s 
recommended matching tape. 

g. Similar to Models “123”, “124", “1031”, and “4031” by ERICO/Michigan Hanger. 

5. Provide products by one of the following manufacturers:  

a. B-Line Systems, Inc., Highland Illinois, or equal 
b. ERICO/Michigan Hanger Co.; Solon, Ohio, or equal 
c. ICA Inc.; Lehighton, Pennsylvania, or equal. 
d. Buckaroos, Inc. 

2.3 DUCT ATTACHMENTS 

A. Per SMACNA Duct Manual standards for size, height, and location of ductwork, and as noted 
below. 

1. Materials and corrosion resistance as listed above. 

2. SMACNA load tables allow for no external loads on duct: provide for 200 lb external 
load on all duct hangers and supports.  Increase hanger and support sizes from SMACNA 
tables accordingly: 

a. Minimum band size 20ga. x 1 inch. 
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b. Duct 48” wide and larger; provide trapeze style support of metal channel framing 
or angle iron, suspended from threaded rods. 

3. Hanger bands to extend down sides and turn under bottom 1 inch minimum for all duct 
sizes. Minimum (2) #10 sheet metal screws per hanger (one each on side and bottom), (2) 
screws minimum on sides for duct over 12 inches tall, 12 inches on center max. 

4. Round exposed duct: hang from twin half round bands and rods, or as otherwise detailed. 

2.4 BUILDING ATTACHMENTS 

A. Structural Steel Connectors: 

1. C-Clamp style: 

a. FM approved, U.L. listed, steel or malleable iron C-clamp with hardened set screw 
and lock nut, tapped for rod size, typically eccentrically loads structure. 

b. Hanger rod bypasses structure: MSS SP-58 type 19.  
c. Hanger rod in line with set screw: MSS SP-58 type 23. 

2. Center Loading Beam and Channel Clamp Style: 

a. Forged or formed steel or malleable iron construction, beam clamps with 
connection for concentrically loading structure, of types as required by loading and 
configuration. 

b. MSS SP-58 types 21, 27, 28, 29, and 30. 

3. Pivoting or Adjustable Connection Style: 

a. Structural welding lug with forged steel clevis, side beam bracket, or other 
appropriate pivoting beam clamps as required for sloped steel.  

b. Use for sloped steel, where thermal movement requires pivot, where seismic 
controls requires non-moment building connection, and elsewhere as required. 

c. MSS SP-58 types, 21 or 22 with 16 or 17, 34, 57 with 14, etc...  

4. Provide products by one of the following manufacturers:  

a. B-Line Systems, Inc., Highland Illinois, or equal 
b. ERICO/Michigan Hanger Co.; Solon, Ohio, or equal 
c. Grinnell Corporation; Pipe Support Division, Cranston, Rhode Island, or equal. 

B. Existing Concrete Connectors 

1. Self-energizing tapered expansion bolt/sleeve: GSA specification FF-S-325, Group II, 
Type 3, Class 3, UL Listed, FM approved, complete with split expansion sleeve, washer, 
and hex head nut; similar to “Rawl Lok/Bolt” by Rawlplug. 

2. Dual-Interlocking Expansion Wedge Stud: GSA specification FF-S-325, Group II, Type 
4, Class 1, UL Listed, FM approved, complete with split expansion sleeve, washer, and 
hex head nut; similar to “Rawl-Stud” by Rawlplug. 
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3. Dual-Interlocking Expansion Wedge Threaded Rod Anchors: UL Listed, FM approved, 
complete with split expansion sleeve; similar to “Rod Hanger Wedge Anchor” by 
Rawlplug.  

4. Provide products by one of the following manufacturers:  

a. Hilti, Inc.; Tulsa, Oklahoma, or equal 
b. Ramset/Red Head; Michigan City, Indiana, or equal 
c. Rawlplug Co. Inc.; New Rochelle, New York, or equal. 

C. Flanged Connectors: 

1. Applicable for attachment to building steel or concrete. 

2. Malleable iron flange base, with central threaded hole for connection to threaded rod and 
symmetrical side hole for securing to structure with appropriate fasteners, typically used 
with split rings, similar to “Model No. 365M" by ERICO/Michigan Hanger. 

3. Provide products by one of the following manufacturers:  

a. B-Line Systems, Inc., Highland Illinois, or equal 
b. ERICO/Michigan Hanger Co.; Solon, Ohio, or equal 
c. Red Hed; Lincoln, Rhode Island. or equal. 

2.5 MANUFACTURED METAL FRAMING 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: 

1. Allied Tube & Conduit. 
2. Cooper B-Line, Inc. 
3. Flex-Strut Inc. 
4. Unistrut Corporation; Tyco International, Ltd. 

B. Description:  Factory, shop, or field-fabricated support assembly made of steel channels, 
accessories, fittings, and other components, factory stock or custom designed and assembled for 
supporting diverse mechanical components. 

C. Standard:  MFMA-4. 

D. Channels:  Load rated continuous slotted steel channel with in-turned lips. 

E. Channel Nuts:  Formed or stamped steel nuts or other devices designed to fit into channel slot 
and, when tightened, prevent slipping along channel. 

F. Corrosion resistance as described above. 
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2.6 EQUIPMENT SUPPORTS 

A. Provide custom designed hangers and supports to properly and resiliently support all contract 
equipment as required by special circumstances encountered.  Suspend from above or support 
from below as shown on drawings and as required. 

B. Use structural carbon steel plate and shapes, secured by welding or bolts as required. 

C. Use load rated fasteners full size of the component attachment points unless specifically 
requested and approved otherwise. 

D. Provide lateral bracing as required minimizing potential for sway. 

E. Fabricate as required to transmit loads and reaction forces to structure, in accordance with 
applicable details and layouts shown on Drawings, and as approved by Architect.  Submit load 
calculations and fabrication details for approval for all such supports including verified 
coordinated dimensions, weights, etc., of mechanical component, support component, and 
building structure proposed. 

2.7 MISCELLANEOUS COMPONENTS AND ACCESSORIES 

A. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and 
nonmetallic grout; suitable for interior and exterior applications. 

1. Properties:  Nonstaining, noncorrosive, and nongaseous. 
2. Design Mix:  5000-psi, 28-day compressive strength. 

B. Threaded Rods, Bolts, Nuts, Washers, Metals, Hardware, and Miscellaneous Assembly 
Components: 

1. Provide manufacturer’s load rated fasteners with size, strength and corrosion resistance as 
required for the application. 

2. Rods, bolts, machine screws: rolled forged ANSI B1 Class 2A or better thread, bolts and 
screws with heads as required by the application, length as required for full thread 
engagement of but minimal projection past receiving connector including building 
attachment, (double) nuts, equipment attachment, etc. 

3. Nuts: heavy pattern where space permits and where subject to repeated operation, ANSI 
B1 Class 2B or better thread. 

4. Washers: US pattern where space permits, SAE pattern otherwise, with toothed or split 
lock washer when attached to equipment with moving or vibrating parts. 

5. Sheet metal screws: self drilling, thread forming, hardened steel (hardened SS as 
required), load rated screws with hex heads designed for power driving 

6. Structural Steel:  ASTM A 36/A 36M, carbon-steel, black and galvanized, and/or series 
300 Stainless Steel plates, bars, angles, channels, and other shapes in thickness and size 
as required for load. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions:  Examine conditions under which hangers and supports are to be 
installed and notify Architect in writing of any conditions detrimental to proper and timely 
installation.  Do not proceed with installation until unsatisfactory conditions have been 
corrected in an acceptable manner. 

1. When Contractor confirms conditions as acceptable to ensure proper and timely 
installation and to ensure requirements for applicable warranty or guarantee can be 
satisfied, submit to Architect written confirmation.  Failure to submit written 
confirmation and subsequent installation will be assumed to indicate conditions are 
acceptable to Contractor. 

2. Identify any discrepancies between specifications and field conditions or changes 
required due to specific equipment selection, prior to installation.  Corrective work 
required by discrepancies after installation at Contractor's expense.   

3.2 GENERAL INSTALLATION 

A. Provide complete hanger and support systems for piping and ductwork systems and equipment, 
including all necessary attachments, fasteners, threaded rods, bolts, miscellaneous hardware, 
and associated work as required. 

B. Provide specified products, installed in accordance with applicable sections of this specification, 
in accordance with the manufacturer's recommended installation instructions, and as detailed on 
the Drawings. 

C. Support pipe, duct, and equipment from the building structure. 

1. Provide approved miscellaneous support structure as required to attach hangers and 
supports to building structure in conformance with all applicable standards and related 
specification sections. 

2. Do not use chain, perforated hanger strapping or band, wire hangers, or kinked, bent, or 
otherwise damaged hangers and supports. 

3. Do not support one pipe from another, one duct from another, pipe from duct or 
equipment, or any similar combination. 

4. Install lateral bracing with pipe hangers and supports as required to prevent swaying. 

5. Provide special hangers and supports as shown on the drawings, as required to suit 
existing conditions, and as required for proper installation of equipment. 

D. Coordinate the installation with applied fireproofing and where possible install attachments to 
structure prior to fireproofing.  Where prior installation is not possible, repair fireproofing as 
required. 
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1. Repair or replace any fireproofing removed or damaged during installation of 
components. 

2. Ensure repaired or replacement fireproofing continuously matches or exceeds rating of 
adjacent fireproofing and ensure that all warranties are maintained. 

E. Load Distribution:  Install hangers and supports so that live and dead loads and stresses from 
movement will not be transmitted to connected equipment. 

3.3 PIPE HANGER AND SUPPORT INSTALLATION 

A. Comply with MSS SP-58 and MSS SP-89 and as specified below.  Install hangers, supports, 
clamps, and attachments as required properly supporting piping from the building structure. 

B. Trapeze Pipe-Hanger Installation:  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 for individual pipe 
hangers. 

2. Field fabricate from manufactured slotted channel system or structural shapes selected for 
loads being supported. 

C. Size piping attachments for insulated piping to fit outside insulation.  Size piping attachments 
for un-insulated piping to fit outside diameter of pipe. 

D. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and to not exceed 
maximum pipe deflections allowed by ASME B31.9 for building services piping.  Provide for 
slope of trapeze supported piping systems with adjustable individual piping attachments. 

E. Pipe Hangers and Supports Spacing (Maximum):  

1. Provide hanger or support as close as possible to and within 24 inches of any elbow. 

2. Provide hanger or support on branch pipe within 24 inches of main at takeoff / tee. 

3. All Horizontal / Sloped Heating and Cooling Piping Systems: 

Piping Material  Maximum spacing of hangers 
a. Copper ¾ in. and smaller 5 ft. 
b. Copper 1 in. and 1-¼ in. 6 ft. 
c. Copper 1½ in. and larger  8 ft. 

F. Insulated Piping  

1. Center insulation shields at piping attachments and secure shield from lateral movements 
by wrapping PVC tape around circumference of piping insulation and shield at both ends 
of shield.  
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2. At all piping attachments, provide piping insulation protection system of strength and 
configuration required to guarantee integrity of pipe insulation and associated vapor 
barrier.  Refer also to SECTION 23 07 00 INSULATION. 

3.4 BUILDING ATTACHEMENTS INSTALLATION 

A. Threaded Rod for Hangers: 

1. Double nut each end of each rod.  Threaded clamp, turnbuckle, etc. counts as one nut. 

2. Rod size for individual pipe hangers and two rod / two pipe or duct trapeze style 
supports: 

Rod size: for Pipe size: for Duct size: 

3/8” 2” and smaller. 48” wide to 72” 
1/2”  2-1/2" and 3". Over 72” wide 
5/8”  4" and 5". 
3/4”  6". 

 
3. For multiple pipe or duct trapeze style supports with two rods for more than two pipes or 

two or more ducts, size rods according to manufacturers recommended safe working 
loads taking into account total hung weight, 200 pound live load, as well as capacity of 
structure; each rod not smaller than size shown above for largest pipe or the sum of the 
duct width in the trapeze.  Submit details of all such supports and connectors for approval 
before construction, including schedule of proposed sizes and capacities. 

B. Fastener Systems: Provide screws, bolts, approved anchors, etc., to secure piping, duct, 
equipment, supports, and miscellaneous components and accessories to structure. Nailing not 
permitted.  

1. Install all fastener systems and anchorage in strict accordance with fastener 
manufacturer’s instructions and as otherwise indicated below. 

2. Minimize eccentric loading of structure as follows: 

a. For paired point loads eccentrically suspended (C-clamp attached supply and 
return pipes, etc), suspend from opposite edges of structural member. 

b. For point loads over 400 pounds, use center loading beam clamps or other 
structurally concentric building attachment, and confirm proposed configuration 
with Engineer by submittal. 

3. For connection to existing concrete: 

a. Connect only to sound concrete free of evidence of deterioration. 

b. Do not install connections or apply loads to recently cast curing concrete until 
written approval is received from contractor responsible for concrete strength.  Use 
compressive strength certified by ASTM approved test results. 



HANGERS AND SUPPORTS FOR HVAC COMPONENTS  Tetra Tech 

23 05 29 / Page 14 Project No.  203778-21001 Architects & Engineers 

c. For older existing concrete and in the absence of ASTM approved tests certifying 
otherwise, assume a concrete compressive strength of f’c  3000 psi. 

d. 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.  Do 
not use powder-actuated fasteners in precast concrete or in pull-out tension.  

3.5 DUCT HANGERS AND SUPPORTS 

A. Install per SMACNA duct manual and as modified by the requirements of this section. 
B. Provide support spacing per building structural system but not greater than 8 feet. Provide extra 

support structure as required. 

3.6 ELECTRICAL WORK HANGER AND SUPPORT INSTALLATION 

A. Refer to Division 26 complete. 

3.7 METAL FRAMING AND EQUIPMENT SUPPORT INSTALLATION 

A. Provide miscellaneous metal, beams, angles pipe bars, structural steel shapes, bases, braces, etc. 
accessories required to attach hangers and supports to walls, floors, structural members, etc. in 
conformance with Section 05 40 00 – “COLD FORMED METAL FRAMING”. 

B. Fabricate structural-steel stands to suspend equipment from structure overhead or to support 
equipment above floor. 

C. Custom Hangers and Supports: Install as required by special circumstances encountered, in 
accordance with applicable details and layouts shown on Drawings, and as approved by 
Architect. 

D. Provide lateral bracing to prevent swaying for equipment supports. 

E. Grouting:  Place grout under supports for equipment and make bearing surface smooth. 

F. Fit exposed connections together to form hairline joints.  Field weld connections that cannot be 
shop welded because of shipping size limitations. 

G. Field Welding:  Comply with AWS D1.1/D1.1M 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 so 

contours of welded surfaces match adjacent contours. 
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3.8 ADJUSTING 

A. Adjust all hangers and supports after installation of piping and associated equipment to 
distribute loads equally on attachments and to achieve proper pitch for the applicable piping 
system. 

B. Trim excess length of continuous-thread hanger and support rods as required - avoid hazardous 
protrusion. 

3.9 PAINTING AND TOUCHUP 

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 a minimum dry film thickness of 2.0 mils. 

B. Touchup:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas 
of shop paint on miscellaneous metal are specified in Division 09. 

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A 780. 

END OF SECTION 23 05 29 
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SECTION 23 05 53 - IDENTIFICATION FOR HVAC COMPONENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Equipment labels. 
2. Pipe labels. 

1.3 SUBMITTALS 

A. Procedural Requirements:  Comply with requirements of SECTION 01 33 00 - Submittals and 
as modified below. 

1. Specified Products: If product to be incorporated into Project is specified by name and 
product designation in Part 2 below, submit “As-Specified Verification Form” (attached 
to SECTION 01 33 00 - Submittals) in lieu of “Product Data” identified below in this 
Article. 

2. Equivalent Products or Substitutions: If product to be incorporated into Project is not 
specified by name and product designation in Part 2 below, comply with all Action 
Submittal requirements specified below. 

B. Action submittals:  

1. Submit manufacturer’s data sheets for all proposed products demonstrating compliance 
with specifications. 

C. Closeout Information, for inclusion in Operations and Maintenance Manual: 

1. Approved submittal. 

a. If “As-Specified Verification Form” submittal is approved, also include product 
data for all identification components used. 

2. Include all information required in SECTION 01 78 23 – Operation and Maintenance 
Data. 

23 05 53 
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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 MANUFACTURERS 

A. Paint: Refer to DIVISION 09. 

B. 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. Brimar Industries, Inc. or equal. 
2. Campbell International (Ltd.), or equal. 
3. Craftmark Identification Systems, Fort Worth,  Texas, or equal 
4. EMED Company, Inc., Buffalo, New York , or equal 
5. Seton Name Plate Company, New Haven, Connecticut, or equal 

2.2 LABELS 

A. Equipment Labels: 

1. Material and Thickness:  Brass, 0.032-inch minimum thickness, and having predrilled or 
stamped holes for attachment hardware, or multilayer, multicolor, plastic labels for 
mechanical engraving, 1/8 inch thick, and having predrilled 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. Colors: 

a. Brass Labels: black in-filled letters on brass background 
b. Plastic Labels: white letters on black plastic background 
c. Warning Signs: yellow letters on black background. 

4. Able to withstand temperatures up to 160 deg F. continuously. 

5. 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. 

6. Fasteners:  Stainless-steel rivets or self-tapping screws. 
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7. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate. 

B. Equipment Label Content:  Include equipment's Drawing designation or unique equipment 
number and equipment function. 

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.  Include Equipment Schedule in Operation and 
Maintenance Manual. 

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 partially cover circumference 
of pipe and to attach to pipe without fasteners or adhesive.  Secure in place with full 
circumference tape wrap. 

C. Pipe Label Contents:  Include identification of piping service using abbreviations indicated 
below, 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 (flow 
direction arrow circumference tape preferred). 

2. Lettering Size:  In accordance with ANSI 13.1 and as follows: 
 
Outside diameter: Letter Height:  

a. 2” or less ¾” 
b. 6” or less 1.25” 
c. 10” or less 2.5” 
d. Over 10” 3.5” 
 

3. Pipes too small to be directly labeled: provide hanging equipment tag with ½” lettering. 
Outside diameter indicated is to outside of pipe insulation on insulated piping. 

D.  Piping Systems: Identify the following systems as indicated:  

1. Heating Hot Water Supply (HWS) 
2. Heating Hot Water Return (HWR)  
3. Chilled Water Supply (CHS) 
4. Chilled Water Return (CHR) 
5. Condensate Drain (CD) 
6. Make up water (MU) 
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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. 

B. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

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 IDENTIFICATION 

A. 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 15 feet along each run. 
7. On piping above removable acoustical ceilings.  Omit intermediately spaced labels. 

B. Piping Painting Requirements:  

1. Refer to Section 23 05 00 – “Common Work Results for HVAC” and Division 09 
sections covering painting for pipe painting requirements and Pipe Color Code 
Identification Schedule.  

3.4 PIPE LABEL INSTALLATION 

A. 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. 
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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 15 feet along each run. 
7. On piping above removable acoustical ceilings.  Omit intermediately spaced labels. 

END OF SECTION 23 05 53 
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SECTION 23 05 93 - TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Testing, Adjusting, and Balancing (TAB) Work shall be a joint effort of the Contractor and the 
TAB Agency, performed with the intention of leaving the systems involved in a properly 
functioning and balanced flow condition as designed and indicated in the Construction 
Documents, similar to the “Total System Balance” condition described in the AABC Standard.   

1. The division of responsibility for the TAB Work is outlined below.  Contractor to 
perform preparation and ancillary work described below, with the option of 
subcontracting a portion of their work to the TAB Agency, but the TAB Agency must 
take sole responsibility for any portion of the preparation or TAB Work defined as the 
TAB Agency’s Work. 

2. TAB Agency Work to be performed by a fully qualified independent TAB Agency as 
described in quality assurance below and as approved by the Architects and Engineers, to 
be paid for by the Contractor responsible for HVAC Work as a first tier subcontract to 
their work. 

B. Section includes preparation for, and Testing, Adjusting, and Balancing (TAB Work) of HVAC 
components, equipment, and systems: 

1. Contractor Preparation and Participation: 

a. Place systems in satisfactory operating condition as detailed below prior to the 
arrival of the TAB Agency for the specified TAB Work, and notify the TAB 
agency and Engineer in writing when systems are ready for TAB Work.  

b. Attend and actively participate in coordination and TAB meetings. 

c. Keep TAB Agency apprised of construction schedule as required facilitating TAB 
agency job site visits prior to concealment of work.  Provide overall construction 
schedule to TAB agency at coordination meetings and TAB meetings, update 
schedule regularly noting milestones and dates affecting TAB review and work 
schedule, and provide at minimum 7 calendar days notice prior to concealment. 

d. Coordinate and provide mechanical and controls systems operation, revisions, and 
other ancillary work as required during TAB Work, as detailed below. 

e. Make changes as required to create a testable, balanceable system, as 
recommended by TAB agency but only as approved by the Engineer. 

23 05 93 
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2. TAB Agency Preparation: 

a. Review Construction Documents and Coordination Drawings with Engineer and 
Contractor and assist in preparation of submittals, particularly Coordination 
Drawings, dampers, and balancing valves, by preparing recommendations to 
Contractor and Engineer on locations of balancing valves, dampers, access doors, 
test connections, etc., as well as any other special considerations affecting the TAB 
Work and/or the fabrication or engineering of the systems.  Documentation of 
assistance shall be both by mutually agreed upon notations on the submittals / 
sheet metal Shop Drawings prior to submittal, and by TAB Agency’s letter 
accompanying submittal, verifying review and TAB Agency approval of the 
specific submittal.   

b. Visit job prior to concealment of work, repeatedly if necessary due to construction 
scheduling, check work, and advise the Contractor and Engineer on correctness of 
locations of dampers, access doors, test connections, etc., as well as any other 
special considerations affecting the TAB work.  Advise in writing, copied to the 
Contractor and the Engineer within 3 days of the site visit but in any event before 
concealment. 

C. TAB Work includes: 

1. Testing of all mechanical components for performance, calibration, capacity, and other 
characteristics as outlined below and as required, demonstrating conformance with 
contract documents and submittals. 

2. Adjusting and Balancing of all mechanical components of this project as described in the 
contract documents, achieving specified air and water flow at all terminal equipment, 
distribution at lowest noise levels and energy use, and achieving specified thermometer, 
gauge, and sensor instrument accuracy and calibration, all as outlined below. 

3. Documentation, correspondence, data recording, reporting, and demonstration all as 
outlined below and elsewhere in the contract documents. 

4. Coordination with other Contractors, subcontractors, Construction Manager, Owner’s 
Representatives, and Architect / Engineer as required achieving specified TAB results. 

1.3 DEFINITIONS 

A. AABC:  Associated Air Balance Council. 
B. ASHRAE: American Society of Heating, Refrigerating, and Air-Conditioning Engineers 
C. Contractor: The entity contracted to perform the HVAC Work described in these contract 

documents. 
D. NEBB:  National Environmental Balancing Bureau. 
E. NRTL:  A nationally recognized testing laboratory according to 29 CFR 1910.7. 
F. NVLAP:  A testing agency accredited according to NIST's National Voluntary Laboratory 

Accreditation Program. 
G. TAB:  Testing, adjusting, and balancing. 
H. TABB:  Testing, Adjusting, and Balancing Bureau. 
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I. TAB Agency:  An entity engaged to perform TAB Work who is qualified and approved to do so 
as described below. 

1.4 SUBMITTALS, GENERAL 

A. Contractor: 

1. Prior to submittal of any equipment affecting TAB Agency, review with TAB Agency 
and obtain commentary and approval as described in “Summary” Article. Include TAB 
Agency review commentary with affected submittals. 

2. Immediately upon approval of other submittals, provide the TAB Agency with copies of 
approved submittals, including Shop Drawings of all hydronic and air systems and 
equipment requiring balancing. 

1.5 ACTION SUBMITTALS 

A. Contractor: 

1. Perform no work affecting TAB prior to TAB Agency approval.  

B. TAB Agency:  

1. Submit TAB Agency qualifications proposal for approval. 

a. Name and contact information of proposed TAB Agency,  
b. Documentation that they meet the qualifications specified in "Quality Assurance" 

Article, 
c. Evidence of current TAB Agency and TAB Supervisor Certification, 
d. List of instruments to be used in testing and balancing, with current certification of 

all instruments’ calibration, 
e. Examples of data forms proposed for each system type showing input cells for this 

Project’s required data, 
f. 3 regional references for comparable recent jobs. 

2. Submit Strategies and Procedures Plan:  Within 30 days of Architect’s approval of TAB 
Agency, submit TAB strategies and step-by-step procedures as specified in "Preparation" 
Article. 

3. Submit Certified Final TAB Report. 

1.6 INFORMATIONAL SUBMITTAL  

A. Contractor and TAB Agency: 

1. Systems Readiness Report as described more fully below. 
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B. TAB Agency: 

1. Instrument Calibration Reports: Include the following on calibration agency letterhead: 

a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 
e. Dates of calibration. 
f. Test data points over range qualified – standards and measured values. 

2. Contract Documents Examination Report:  Within 15 days of Architect’s approval of 
TAB Agency, submit the Contract Document Examination Report as specified in Part 3. 

3. Include commentary with all Contractor submittals affecting TAB work as described 
above. 

4. Pre-Construction Inspection and Testing Report: Prior to removal of any affected 
construction. 

1.7 QUALITY ASSURANCE 

A. TAB Agency, Employee, and TAB Work Qualifications: 

1. TAB Agency: Fully certified current member of "Associated Air Balance Council" 
(AABC), "National Environmental Balancing Bureau" (NEBB), or “Testing, Adjusting, 
and Balancing Bureau” (TABB), specializing in the adjusting and balancing as specified 
in this Section of systems as specified and as shown on the Contract Documents, with 
minimum three years documented experience as a fully certified member, and three 
current regional references for projects of comparable scope. 

2. TAB Field Supervisor:  Employee of the TAB Agency and currently certified by AABC, 
NEBB, or TABB as a Testing, Balancing and Adjusting Supervisor.  

3. TAB Technician:  Employee of the TAB Agency and currently certified by AABC, 
NEBB, or TABB as a TAB technician. 

4. All TAB Work: Performed by direct employees of the TAB Agency, who are either TAB 
Field Supervisors themselves, or who are TAB Technicians working under the direct 
supervision of a TAB Field Supervisor. 

B. Conform to basic procedures and methods outlined by applicable publications in testing and 
balancing of air and water systems by the following organizations, and as modified by this 
document: 

1. Associated Air Balance Council (AABC).  
2. National Environmental Balancing Bureau (NEBB). 
3. Testing, Adjusting, and Balancing Bureau (TABB). 
4. Sheet Metal and Air Conditioning Contractors National Association, Inc. (SMACNA) 
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5. American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) 
6. Individual manufacturer requirements and recommendations. 

C. TAB Report Data Forms: Follow AABC, NEBB, TABB, or SMACNA format as modified by 
the data requirements of this Project, subject to submittal approval. 

D. 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. 

E. Instrumentation Type, Quantity, Accuracy, and Calibration:  Instruments as described in 
ASHRAE 111, Section 5, "Instrumentation.", all currently certified as calibrated by a NRTL or 
NVLAP in accordance with Division 01 Section “Quality Requirements”. 

F. Contractor: maintain qualified personnel at Project for system operation, trouble-shooting, 
making system changes, and performing mechanical adjustments in conjunction with TAB 
procedures. 

1.8 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. Environmental Requirements: Accomplish TAB work under appropriate outdoor temperature 
conditions. 

C. Concealed Conditions:  Before concealment of systems, verify and advise on type and location 
of balancing devices and test points.  Make changes as required to balancing facilities. 

1.9 COORDINATION AND SCHEDULING  

A. Refer to Division 00 and Division 01 for overall project sequencing and scheduling 
requirements.  All HVAC work required for, and, approvable balancing in accordance with the 
requirements of this section is required to be complete before Contract Substantial Completion. 

1. Contractor: Assure that all HVAC work required to properly and completely test and 
balance the various systems, occurs in a timely fashion coordinated with the overall 
project schedule as required, with final readiness reported at minimum two calendar 
weeks prior to contract scheduled Substantial Completion Date.  For HVAC Work 
required to be performed simultaneous with TAB Work, coordinate schedule with TAB 
agency and provide qualified staffing as required keeping pace with TAB agency 
personnel. Coordinate and report partial systems readiness to TAB agency to allow TAB 
work to proceed in an orderly fashion. 
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2. TAB Agency: Assure that all TAB Work and all subsequent reporting on same occurs in 
a timely fashion coordinated with the overall project schedule prior to contract scheduled 
Substantial Completion Date.  For HVAC Work required to be performed simultaneous 
with TAB Work, coordinate schedule with Contractor and provide qualified staffing as 
required to complete TAB work and reporting within two calendar weeks of final HVAC 
systems readiness for TAB.  

B. Tab Agency: Coordinate, schedule, and run a TAB Strategies and Procedures meeting, with 
Contractor, Owner, Architect, Engineer, Controls Subcontractor, and Commissioning Agent all 
present.  Provide TAB Plan and agenda in advance, and produce and distribute meeting 
minutes. 

C. Contractor and TAB Agency: Perform all examination and preparation work required and 
submit Systems Readiness Report(s) prior to beginning TAB work. 

D. Contractor and TAB Agency: After submission of Systems Readiness Report, coordinate and 
schedule all preparation and TAB work with each other, Architect/Engineer, Commissioning 
Agent, and Owner,.  Notify O/AE/CM/Cx team of all scheduled TAB work test dates and times 
in writing with at least seven days' advance notice for each visit. 

1. Cooperate with other contractors and affected subcontractors as required to provide 
complete and proper testing, adjusting, and balancing of HVAC systems. 

E. Accomplish TAB Work during construction period as soon as the systems are complete enough 
to perform TAB work. Coordinate with project phases and before Owner takes possession.  
TAB work and approval of at least partial pencil copy reports is required before Owner takes 
possession. 

F. Multiple visits will be required for phased construction in cooperation with construction 
schedule, with multiple “pencil copy” submittals of partial TAB reports required promptly as 
each phase of TAB work is accomplished.   

G. Perform balancing for record at final stage when all previously completed sub-systems are 
checked and re-balanced to design performance.  

H. Contractor and TAB Agency: return to the site approximately six months after initial TAB 
Work is complete to perform system checkup and design condition rebalancing as defined 
below. 

I. Contractor and TAB Agency are subject to recall to site to verify report information before 
acceptance of the report by the Architect. 

J. Contractor: provide 2 additional copies of Shop Drawings and other submittals for all 
equipment and systems to be tested and balanced to TAB Agency as soon as possible but no 
later than 60 days prior to scheduled completion of equipment and systems installation. 

K. TAB Agency:  

1. Verify that Contractor has placed all systems and equipment in satisfactory operating 
condition as required allowing TAB Work to be properly performed. 
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2. Cooperate with Contractor and affected subcontractors as required to provide complete 
and proper testing, adjusting, and balancing of air and water systems. 

3. Visit Project prior to concealment of Work and note location of dampers, test 
connections, and similar items.  Record this information, transmit to Contractor, and 
incorporate on Record Drawings. 

PART 2 - PRODUCTS  

2.1 EQUIPMENT 

A. TAB Agency: Provide tools, ladders, recording meters, gauges, thermometers, velometers, 
anemometers, Pitot tubes, inclined gauge manometers, magnehelic gauges, amprobes, 
voltmeters, psychrometers, tachometers, ultrasonic or other non-intrusive flowmeters, and all 
other instrumentation required to perform specified TAB work.  Accurately calibrate all 
instruments. 

1. Make instruments available to Architect to facilitate spot checks during testing and back-
checking. 

2. Provide additional balancing devices as required. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. By TAB Agency: 

1. 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. 

2. Visit Site and examine existing systems before construction and new / re-worked systems 
prior to concealment of construction to check on and advise regarding location of 
installed balancing devices, such as test ports, gage cocks, thermometer wells, 
thermometers and gages, flow-control devices, balancing valves and fittings, volume 
dampers, test connections, etc.  Verify that locations of these balancing devices are 
accessible. TAB Agency shall advise Contractor and Architect of TAB Agency findings 
by letter. 

3. Examine the submittals for HVAC systems and equipment.  Verify that proposed 
equipment can be balanced as specified and as required.  Provide commentary on all 
submittals advising where additional balancing devices are needed or configuration 
adjustment is desired to facilitate TAB work.  

4. 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. 
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5. Examine test reports specified in individual system and equipment Sections. 

6. Examine manufacturer’s equipment performance data including pump and fan curves. 

a. 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. 

B. By Contractor: 

1. Examine systems and equipment installations and verify that field quality-control testing, 
cleaning, and adjusting specified in individual Sections has been performed, and all TAB 
preparation as described in “Preparation” Article is complete. 

3.2 PREPARATION 

A. TAB Agency:  

1. Prepare a TAB plan that includes site specific strategies and step-by-step procedures with 
this project’s equipment identified. 

B. Contractor: Before TAB work commences on any portion of the system, and before new system 
startup, verify that systems are complete and in proper operating condition.  Ensure the 
following: 

1. Equipment is operable, in a safe and normal condition, and is of the size and capacity 
specified in the Contract Documents, bearings are greased, belts are aligned and properly 
tight, and equipment with functioning controls is ready for operation.  Required 
modifications to systems shall be made in advance of the TAB Agency’s arrival for that 
portion of the work. 

2. Provide proper equipment start-up as specified, complete with manufacturer’s filled out 
standard published start-up forms. 

3. Temperature control systems are operable to the extent required for that portion of the 
TAB Work.  Control valves must at least be installed complete and hand operable.  
Automatic dampers must be operable and under control.  Safety interlocks and controls 
on HVAC equipment must be properly functional. 

4. All motors, pumps, and fans have correct rotation. 

5. Permanent electrical-power wiring is complete, and proper thermal overload protection is 
in place for all electrical equipment. 

6. All ductwork, air handlers, grilles, registers, and diffusers are installed, complete, and 
cleaned of dust and debris. 

7. All piping, terminal radiation, boilers, chillers, heat exchangers, pumps, valves, required 
pressure taps, and hydronic specialties are correctly installed, complete, operational, and 
clean. 
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8. All ductwork, diffusers and registers have dampers where specified, and all hydronic 
systems have balancing and isolation valves where specified. 

9. Duct system leakage has been tested where required and minimized. 

10. Hydronic systems are flushed, vented, cleaned, leak free, and filled with specified heat 
transfer fluid. 

11. Hydronic expansion tank has been pre-charged to the proper pressure and systems filled 
to proper cold fill pressure. 

12. Glycol based systems have specified glycol fill station properly installed and set to fill at 
appropriate pressure, and alarm EMCS on pump operation. 

13. System pump suction piping is properly vented to ensure absence of entrained air. 

14. All manually set dampers (fire, fire/smoke, register, grille, diffuser, and manual volume 
dampers) operate smoothly and are adjusted open.  All automatic dampers have actuators 
and required linkages installed and rough adjusted. 

15. All hydronic systems valves are installed with proper direction of flow and operate 
smoothly, balancing valves are adjusted open, two-way control valves are open, three-
way valves are properly installed for their intended function of diverting or mixing fluid 
flows, and service valves are open or closed as required for normal flow. 

16. Make preliminary adjustments to airflow patterns of all registers, grilles, and diffusers to 
obtain uniform space temperatures and air movement free from objectionable drafts and 
noise.   

17. Clean new final design filters are installed everywhere called for. 

18. Hydronic strainers are clean and any temporary screens are replaced with permanent 
screens.  Sidestream filters have clean new filter bag installed and valves are closed. 

19. Coil fins are clean and straight. 

20. Access doors in ducts are closed and duct end caps are in place. 

21. Access doors necessary to reach duct volume dampers, balancing valves, and measuring 
stations are installed in accessible locations and are operable. 

22. As-built conditions are accurately recorded on working as-built drawings, including 
locations of all access points, manual and automatic dampers, isolation, balancing, and 
control valves, fittings, and all other items affecting TAB work.  Provide copies of these 
annotated as-built drawings for TAB agency’s use during TAB work.  
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C. Contractor: 

1. Prepare and submit Systems Readiness Reports to Engineer, Commissioning Agent, and 
TAB Agency, with itemized checklists of the above items as appropriate for the 
equipment to receive TAB Work, with a column for Contractor indicated status and 
another with room for TAB Agency commentary, itemizing any remaining deficiencies 
discovered and confirming all systems preparation and examination has been properly 
performed. 

a. Include itemized list of all examination and preparation procedures outlined above 
and as otherwise required by TAB Agency’s procedures, with initialed dated 
verification of each item by authorized responsible party. 

b. Promptly report abnormal conditions in mechanical systems or conditions that 
prevent system balance.  If, for design reasons, system cannot be properly 
balanced, report as soon as observed. 

2. Report any defects or deficiencies observed during performance of TAB procedures. 

D. TAB Agency: 

1. Review, edit, and submit annotated Contractors Systems Readiness Reports to 
Contractor, Engineer, and Commissioning Agent, with itemized TAB Agency 
concurrence or commentary, itemizing deficiencies discovered and confirming all 
systems preparation and examination has been properly performed, with initialed dated 
verification of each item by authorized responsible party. 

a. Report abnormal conditions in mechanical systems or conditions that prevent 
system balance within 24 hours of discovery.  If, for design reasons, system cannot 
be properly balanced, report as soon as observed. 

2. Report any defects or deficiencies observed during performance of TAB procedures.  
Observe and record system reactions to changes in conditions.  Record default set points 
if different from indicated values.  Include updates in partial TAB report submittals.  
Adjust as-built drawings as required to accurately reflect deviations from draft as-built 
set. 

3. Promptly report abnormal conditions in mechanical systems or conditions that prevent 
system balance.  If, for design reasons, system cannot be properly balanced, report as 
soon as observed. 

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. In the following TAB procedures portions of Part 3 Execution of this document, the procedures 
are deemed to be TAB Agency work unless specifically identified as Contractor work. 

B. Contractor required assistance and Ancillary Work during TAB Agency Work includes the 
following general work categories and notes on Contractor Work requirements in subsequent 
specific procedure descriptions: 
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1. Maintain mechanically qualified personnel at Site to perform necessary mechanical 
modifications and adjustments in conjunction with TAB procedures. 

2. Operate systems. 

3. Provide trouble-shooting. 

4. Cut insulation, pipes, ducts, and equipment cabinets for installation of test probes to the 
minimum extent necessary for TAB procedures. Properly plug all holes. Provide new 
insulation that matches removed materials, finished in accordance with Division 23 
Section "HVAC Insulation." 

5. Change air filters as required. 

6. Adjust automatic damper linkages so they all operate smoothly and close tightly. 

7. Perform necessary controls operations required for TAB procedures. 

8. Re-adjust / make final adjustments to registers, grilles, and diffusers in cooperation with 
Owner and TAB Agency as required to obtain uniform space temperatures and air 
movement free from objectionable drafts and noise.  As this affects system pressure 
drops, this must be completed before final airflow balancing. 

9. Make any required additions or changes in types, locations, etc., of balancing equipment. 

10. Provide other mechanical adjustments as required in conjunction with TAB procedures. 

11. Leave system in proper working order, replacing belt guards, closing access doors, 
closing doors to electrical switch boxes and securing cover plates, restoring thermostats 
to specified settings, restoring systems to automatic operation as required, replacing 
ceiling tiles, plugging access ports and repairing insulation, cleaning, etc... 

C. Tab Agency: Perform testing and balancing procedures on each system according to the 
procedures contained in AABC's "National Standards for Total System Balance", 
ASHRAE 111, NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of 
Environmental Systems", or SMACNA's "HVAC Systems - Testing, Adjusting, and 
Balancing", and in this Section. 

1. Provide all testing and Balancing as required by the specific procedures outlined below 
and as required to provide the final test report as described below.  

2. Mark equipment and balancing devices, valve position indicators, and similar controls 
and devices, with paint or other suitable, permanent identification material to show final 
settings. 

3. Take and report testing and balancing measurements in inch-pound (IP) units. 
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3.4 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS 

A. Pre-Construction Testing of Existing HVAC Systems:  Prior to system shut down, demolition 
and modifications associated with existing HVAC systems, and prior to submittal of any 
replacement equipment, provide testing and recording of existing system operating data as 
itemized below.  Submit copies of existing system operating data to Architect for review.  On 
completion of system modifications, confirm that new or modified system characteristics 
conform to original data or new requirements by taking new readings and readjusting systems as 
required. 

B. On systems where there are no HVAC component modifications or work other than possible 
TAB work shown on the contract drawings, no TAB work is required unless specifically called 
for on the drawings.   

C. On systems that are only partially modified, perform TAB work both before and after 
modifications as required to demonstrate that modified portions of the system are performing as 
required and unmodified portions of the system are still operating at least as well as they were 
prior to modifications.  Also perform additional TAB work as specifically called for on the 
drawings. 

D. Perform the following operations: 

1. Hydronic systems: 

a. Pumps: Check and record make and model; suction, discharge, and impeller size; 
pump discharge, suction and total head pressure; drive frequency if controlled by 
VFD, and gallons per minute delivery. 

b. Balancing fittings: Check and record pressure drop, flowrate, and operating 
condition. 

c. Control valves: pressure drop at flow measured at associate balancing fitting. 

2. Air Systems: 

a. Fans: Check and record suction and discharge pressures, total cfm, rpm, drive data, 
and motor data. 

b. Main branch ducts: Make pitot tube traverse and obtain cfm. 
c. Return / outside air / total airflow cfm and associated damper positions in occupied 

and unoccupied operating modes. 
d. Airflow at all inlets and outlets. 

3. Heat Transfer (heat exchangers, coils): 

a. Inlet and outlet pressures, air and watersides. 
b. Flowrate, air and/or water, heating and heated mediums. 
c. Entering and leaving temperatures, both heating and heated mediums. Include wet 

bulb and dry bulb temperature for cooling coils. 
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3.5 GENERAL PROCEDURES: AIR SYSTEMS TESTING, ADJUSTING, AND BALANCING 

A. Visit Site prior to concealment of construction to check and advise regarding location of 
dampers, test connections, etc.  TAB Agency shall advise Contractor and Architect of TAB 
Agency findings by letter.  

B. Review sheet metal shop drawings and mark locations of all required balancing dampers before 
duct fabrication. 

C. Make air quantity measurements in ducts by Pitot tube traverse of entire cross-sectional area of 
duct in such a manner that local flow dynamics have a negligible effect on the measurements.  
Use multiple, bidirectional, traverses if flow measurements cannot be made in a section with at 
least 8 diameters straight duct upstream and 4 diameters of straight duct downstream from the 
measuring station.  Mark all traverse locations on plans in report.  

D. After adjustments, take measurements to verify balance has not been disrupted.  Verify that 
disruptions in balance have been corrected. 

E. Permanently mark valve, damper, and other adjustment device settings at devices to simplify 
restoration of settings.  Record settings and include in report.  Set and lock memory stops. 

F. Procedures: 

1. Verify that all systems are complete and operable as scheduled. 

2. Verify that registers, grilles, and diffusers are adjusted to obtain uniform space 
temperatures and air movement free from objectionable drafts and noise.  Cooperate with 
Owner and Contractor and reach agreement on air distribution pattern before proceeding. 

3. Provide temporary filter media as follows:  with the system fully operational, all dampers 
open, and the fan running at the scheduled RPM, check submittal values for new, midlife, 
and final/clogged filter pressure drops, check and record air pressure drop across the new 
clean final design filters, and provide temporary media to approximate midlife pressure 
drop across the filters for use during balancing.  Record and report both pressure drop 
values at the final design flowrates.  Adjust filter differential pressure switches to trip at 
correct final/clogged filter pressure drop in cooperation with Energy Management and 
Control System manufacturer's representative. 

4. With the system fully operational, all dampers open, and the fan running at the approved 
submittal RPM, measure the airflow through all terminal units as well as the total system 
volume, without making any adjustments, and formulate a plan for preliminary 
adjustments of dampers and fan speed.  Terminal units shall be defined to include all 
diffusers, registers, grilles, duct entries, louvers, hoods, etc.; i.e., wherever air enters or 
leaves ductwork whether indoors or outdoors.  Record and report all initial values. 
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5. In cooperation with Energy Management and Control System manufacturer's 
representative, make mechanical adjustments of automatically operated dampers to 
operate as specified, indicated, and/or noted.  Adjust and set the extreme operating 
conditions of these dampers and check completed damper control operations for proper 
calibration, reporting to control installers conflicts with those requiring adjustment.  Test 
leakage of closed dampers. Adjust and set intermediate positions of outside air and return 
air dampers as required to achieve design outside airflow requirements defined in the 
sequence of operations, and / or calibrate outside air flow meters at this point.  Balance 
variable volume systems at maximum air flow rate with full cooling and at minimum air 
flow rate with full heating 

6. Adjust terminal units to the proportionally correct cfm, not necessarily the design cfm. 

a. If all the dampers in a branch line’s terminal units must be adjusted to limit cfm, 
then use the branch line volume damper to limit the pressure drop across the 
terminal units in that branch so that at least one terminal unit’s damper remains 
wide open but still has the correct flow.  Adjust all branch ducts to proper 
proportional cfm in this way, leaving the volume dampers in the flow limiting 
branches wide open. 

b. Provide branch duct volume control by duct internal devices such as dampers and 
splitters only to the extent that the most open damper or splitter remains wide open 
and adjustments do not create objectionable air motion or sound levels.  Under no 
circumstances shall total air system volume be throttled back to design flow 
through the partial closing of all dampers and splitters. 

c. Record and report all initial adjustment positions and proportional flowrates 
achieved. 

7. Vary total air system flowrate by adjustment of fan speeds.  Provide drive changes 
required. 

a. For variable frequency drive fans, perform the following procedure: 

b. With the VSD set to bypass mode or set at 60 Hz, adjust the fan belt drive system 
(if applicable) as described above to achieve the design system cfm, with bypass 
dampers etc. closed or otherwise in the maximum resistance position. 

c. Adjust the VSD to the maximum non- overloading frequency for the system, and 
measure and report the flowrate at this frequency 

d. If other specific air flow rates are required due to the sequence of operations as 
reported on the drawings or in Section 23 09 00 – Instrumentation and Control for 
HVAC, coordinate with these requirements and determine the required frequency -
flow relationships 

8. Verify that all terminal units are at the design cfm to within the balancing tolerance, and 
if not, repeat steps f. and g. above until design conditions are satisfied. 
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9. Test and record final motor, drive, air moving equipment, exhaust fan, damper, and 
terminal unit information at this point. 

10. Test and record air heating and cooling coil information after this point, as follows: 

a. Perform this step in conjunction with hydronic system balancing and after cooling 
and heating systems are operational. 

b. Set hydronic control valve to fully open at design flow and temperature as 
described below.  Allow cooling coils to become fully wet with condensation.  
Test temperatures outside of the line of sight to the coil. 

c. Test and adjust coil performance for all data indicated to be on report test sheets. 

3.6 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, 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. 
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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. 

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. 

3.7 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. 
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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. Re-measure 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. 

3.8 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. 
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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. 

3.9 PROCEDURES FOR HYDRONIC SYSTEMS 

A. Measure water flow at pumps: 

1. Verify impeller size by operating the pump with the discharge valve closed.  Read 
pressure differential across the pump at 60Hz/VSD bypass.  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 and mark pump manufacturer's head-capacity curve 
with this initial balance point.  Note and record pump discharge valve position, then 
return to wide open (or maximum non-overloading position) for proportional balancing 
procedure. 

a. Monitor motor performance during procedures and do not operate motors in 
overload conditions. 

3. Verify pump-motor brake horsepower at intended flow rate at run-out.  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 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. 
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C. With the system fully operational, all branch and terminal isolation, balancing, and control 
valves open, and the pump running at 60Hz/VSD bypass, measure the flow through all terminal 
units as well as the total system volume, without making any adjustments, and formulate a plan 
for preliminary balancing valve adjustment.  Record and report all initial flow and pressure drop 
values. 

D. Adjust all manual balancing valves to the proportionally correct gpm, not necessarily the design 
gpm. 

1. If all the valves in a branch line’s terminal units must be adjusted to limit gpm, then use 
the branch line manual balancing or isolation valve to limit the pressure drop across the 
terminal units in that branch so that at least one terminal unit’s balancing valve remains 
wide open but still has the correct flow.  Adjust all other branch lines to proper 
proportional gpm in this way, leaving the balancing valves in the flow limiting branches 
wide open. 

2. Provide branch volume control by balancing valves only to the extent that the most open 
valve remains wide open and adjustments do not create objectionable hydronic sound 
levels.  Under no circumstances shall total system volume be throttled back to design 
flow through the partial closing of all branch valves. 

3. Record and report all initial adjustment positions and proportional flowrates achieved. 

E. Vary total system flowrate by adjustments at pump. 

1. For constant speed single pump operation systems: throttle the system pump 
balancing/triple-duty valve until the flow in the system is the design flow rate.  If the 
available flow from the pump is less than the design flow using this procedure, report this 
to the engineer for advisement immediately.  Report the pump, valve, and motor data 
both with the throttling valve in the wide open and at the final, design flowrate position. 

2. For variable frequency drive pumps, Perform the following procedure for each pump 
circuit running individually: 

a. Ramp the VSD to the minimum frequency required to obtain the design flow, with 
each pump discharge valve open to the maximum position consistent with accurate 
reading and VSD bypass/60Hz non-overloading operation. 

b. Repeat this VSD adjustment for each pump circuit of lead / lag pumps driven by 
one VSD, and set the VSD at the higher of these two frequencies. 

c. At this frequency (the full design frequency - could be more or less than 60Hz), 
adjust the higher flow rate circuit to the design flow rate by further throttling the 
pump balancing valve, so that the flow rate from each pump is identical at the 
design frequency. 

d. Verify that all terminal units are at the design gpm to within the balancing 
tolerance, and if not, repeat steps above until design conditions are satisfied at all 
system valves, with no excessive pressure and resultant energy use. 
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e. Report this value as the design frequency in the balancing report, and in writing to 
the Contractor responsible for incorporation into controls work of the Division 23 . 

f. Measure and report the flow-rate at 60Hz, and also at the frequency where the 
pump motor is running at full load amperage. 

g. Measure and report all other pump flow data at this point. 

h. Check settings and operation of each safety valve.  Record settings. 

3.10 PROCEDURES FOR MOTORS 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data: 

1. Manufacturer's name, model number, and serial number. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Efficiency rating. 
5. Nameplate and measured voltage, each phase. 
6. Nameplate and measured amperage, each phase. 
7. Starter thermal-protection-element rating. 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying 
from minimum to maximum.  Test the automatic and manual bypass of the controller to prove 
proper operation.  Record observations including name of controller manufacturer, model 
number, serial number, and nameplate data. 

3.11 TOLERANCES 

A. Adjust system totals to the sum of the connected load (plus leakage for air systems) rather than 
the scheduled pump or fan capacity. 

B. Adjust air handling systems as follows: 

1. Main ducts (ie. each fan system) to within minus 5 percent and plus 10 percent of the 
design values. 

2. Outside air flow tolerance shall be at minimum that scheduled, with a tolerance of minus 
0 percent and plus 10 percent.  

3. Branch ducts and terminal units to within plus or minus10 percent of the design flow. 
4. A total maximum variation of 10 percent between terminal units designated as “typical of 

(#)”. 

C. Adjust hydronic systems as follows: 

1. Each pump to within 5 percent of the design flow values. 
2. Branch lines and radiation to within 10 percent of the design flow values 
3. A total maximum variation of 10 percent between terminal units designated as “typical of 

(#)” 
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3.12 PRELIMINARY REPORTING 

A. Contract Document Examination Report:  Based on examination of the Contract Documents as 
specified in "Examination" Article, prepare a report on the adequacy of design for proper 
systems' balancing.  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. Pre-Construction Inspection and Testing Report: Prior to removal of any affected construction, 
prepare and submit report outlining results of Pre-Construction Inspection and Testing as 
outlined above and on the contract drawings. 

C. 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. 

3.13 FINAL REPORT 

A. General:  Prepare a certified written report; 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. 
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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. Fan drive settings including settings and percentage of maximum pitch diameter. 
d. 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 and return airflows. 
2. Water 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. Air Moving Equipment (AC, Fan or Blower): 

1. Location 

2. Manufacturer 

3. Model 

4. Air flow, specified and actual 

5. Return air flow, specified and actual 

6. Outside air flow, specified and actual 
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7. Total static pressure (total external), specified and actual 

8. Labeled diagram showing pressure drop across each internal component including 
dampers, filters, coils, diffusers, and blowers.  Provide multiple readings for complex 
systems with multiple internal dampers affecting system pressure drops, under all 
specified modes of operation. 

9. Inlet pressure 

10. Discharge pressure 

11. Applicable data as specified elsewhere including coil, motor, damper, and drive data. 

12. Fan RPM ( for VSD driven fans, under various design conditions including at least full 
heating, 100% OA economizer, and full cooling loads) 

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. Pump Test Reports:  Calculate impeller size by plotting the shutoff head on pump curves and 
include the following: 

1. Unit Data: 

a. Unit identification. 
b. Location. 
c. Service. 
d. Make and size. 
e. Model number and serial number. 
f. Water flow rate in gpm. 
g. Water pressure differential in feet of head or psig. 
h. Required net positive suction head in feet of head or psig. 
i. Pump rpm. 
j. Design frequency for VSD pumps. 
k. Impeller diameter in inches. 
l. Motor make and frame size. 
m. Motor horsepower and rpm. 
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n. Voltage at each connection. 
o. Starter size, rating, heater data. 
p. Amperage for each phase. 
q. Rated efficiency, full-load amperage, and service factor. 
r. Seal type. 

2. Test Data (Indicated and Actual Values): 

a. Static head in feet of head or psig. 
b. Pump shutoff pressure in feet of head or psig. 
c. Actual impeller size in inches. 
d. Full-open flow rate in gpm. 
e. Full-open pressure in feet of head or psig. 
f. Final discharge pressure in feet of head or psig. 
g. Final suction pressure in feet of head or psig. 
h. Final total pressure in feet of head or psig. 
i. Final water flow rate in gpm. 
j. Voltage at each connection. 
k. Amperage for each phase. 

H. Electric Motors: 

1. Manufacturer 
2. HP/BHP 
3. Phase, voltage, amperage (nameplate, actual, and no load) 
4. RPM 
5. Service factor 
6. Starter size, rating, heater elements 

I. Automatic Air Dampers (AAD, TBAAD, or internal to air moving equipment): 

1. Location 

2. Manufacturer 

3. Model 

4. Airflow, specified and actual. 

5. Check closed position leakage and report. 

6. Damper and/or actuator position at all required positions, along with associated controls 
signal required to achieve position.  Coordinate required positions of return air and 
outside air ventilation control dampers with positions required by required ventilation 
rates.  Refer to SECTION  23 09 00 – INSTRUMENTATION AND CONTROLS FOR 
HVAC, and coordinate damper position adjustment with temperature controls and 
Owner’s required occupancy schedule. 

7. Total static pressure drop at all required positions. 
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J. Manual Air Volume Dampers (VD, or shown with no text as: ˥  ): 

1. Location. 
2. Report final damper position as angular deviation of blades from axial, with 0° being 

fully open and 90° being closed.  Mark this position on duct at damper also. 
3. Total static pressure drop across damper in as balanced condition. 

K. Belt Drives: 

1. Identification/location 
2. Required driven RPM 
3. Driven sheave, diameter and RPM 
4. Belt, model, type, size, and quantity 
5. Belt tension achieved. 
6. Motor sheave, diameter and RPM 
7. Alignment tolerances achieved. 
8. Center to center distance, maximum, minimum, and actual  

L. Air Distribution Test Sheet (registers, grilles, and diffusers): 

1. Air terminal number 
2. Room number/location 
3. Space Temperature 
4. Terminal type 
5. Terminal size 
6. Area factor 
7. Design velocity 
8. Design air flow 
9. Test (initial, adjusted, and final) velocities 
10. Test (initial, adjusted, and final) air flows 
11. Percent of design air flow 

M. Flow Measuring Station, Pump Discharge, and Balancing Valves: 

1. Identification/station 
2. Location 
3. Size 
4. Manufacturer 
5. Model 
6. Design flow rate 
7. Design pressure drop 
8. Actual/final pressure drop 
9. Actual/final flow rate 
10. Station calibrated setting  

N. Automatic Balancing Valves Reports: 

1. Identification/station 
2. Location 
3. Size 
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4. Manufacturer 
5. Model 
6. Design flow rate 
7. Functional pressure drop range. 
8. Actual/final pressure drop at system full flow condition. 

O. Gauges and Thermometers Reports: 

1. Identification/number 
2. Location 
3. Service 
4. Manufacturer 
5. Test all gauges and thermometers for mid range accuracy. Adjust thermometers where 

applicable; adjust all gauges for best 0 and/or midrange accuracy. 
6. Temperature, test reading and actual 
7. Pressure, test reading and actual  

P. Controls Sensors Reports: 

1. Coordinate work with Energy Management and Control System. 

2. Test all controls system temperature, pressure, air monitoring (CO2, CO, combustible 
gasses, humidity, etc.), and electrical current analog sensors for mid normal operating 
range accuracy.  Adjust where applicable. 

3. Test all controls system temperature, pressure, air monitoring (CO2, CO, combustible 
gasses, humidity, etc.), and electrical current digital (on/off) sensors/switches for trip 
point.  Adjust where applicable. 

4. Verify that locations shown on Operators Work Station are schematically correct. 

5. Identification/number 

6. Location 

7. Service 

8. Manufacturer 

9. Temperature, test reading and actual 

10. Pressure, test reading and actual 

11. Air composition, parts per million, test reading and actual. Test and adjust at normal 
ambient and alarm conditions. 

Q. Instrument Calibration Reports: 

1. Report Data: 

a. Instrument type and make. 
b. Serial number. 
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c. Application. 
d. Dates of use. 
e. Dates of calibration. 

3.14 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 water flow of each device. 
b. Verify that balancing devices are marked with final balance position. 
c. Note deviations from the Contract Documents in the final report. 

B. Final Inspection: 

1. After initial inspection by TAB Agency is complete and documentation verifies that 
testing and balancing are complete and accurately documented in the report, request that 
a final inspection be made, giving at minimum 7 calendar days’ notice.  Deliver copies of 
Draft Final Report to Engineer and Commissioning Authority with final inspection 
request. 

a. Engineer may elect to postpone final inspection upon delivery of written notice to 
TAB Agency that significant portions of the required TAB results are missing 
from draft report.  If inspection is postponed, TAB Agency shall promptly return to 
site and provide missing TAB Work, then submit a revised draft and request the 
Final Inspection again. 

2. The TAB Agency and Contractor’s qualified technicians are to provide access, tools, and 
measurements during the inspection in the presence of the TAB Agency Supervisor and 
the Commissioning Authority. 

3. Commissioning Authority will randomly select measurements, documented in the report 
or as required by contract, to be rechecked.  Rechecking will be limited to either 10 
percent of the total 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."  If recheck calls for a measurement that is required but cannot be found in the 
draft report, the missing measurement will be noted as “MISSING”. 
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5. If the number of "FAILED" measurements is greater than 10 percent of the total 
measurements checked during the final inspection, the TAB Work will be considered 
defective and rejected.  If the number of "MISSING" measurements is greater than 10 
percent of the total measurements checked during the final inspection, the TAB Work 
will be considered defective and rejected. 

C. If TAB Work is considered defective and rejected, 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.  Pay all costs associated with second inspection including Commissioning 
Authority’s reasonable additional fees. 

2. If the second final inspection also fails, Owner may require additional inspection similar 
to second inspection or may contract the services of another TAB agency to complete 
TAB Work according to the Contract Documents and deduct the cost of the services from 
the original TAB Agency's final payment. 

D. Prepare test and inspection reports. 

3.15 ADDITIONAL TESTS 

A. Re-check and adjust systems approximately 6 months after final acceptance and submit report: 

1. Measure the total flow rate of each of the systems originally covered by this section. 

2. For each of the systems that no longer operate at design flow measure the flow at each of 
the terminals of that system. 

3. Measure the flow at any terminals included in the original balancing, reported by the 
Owner or Architect to have continued or new problems.   

4. Adjust system changes back to the design values if possible, and submit reports in writing 
to the Architect, Contractor, and Owner, noting any changes and/or complaints, and 
offering an interpretation of the cause and significance of the problems.  

5. If the design air temperature criteria as specified cannot be satisfied upon initial 
balancing, perform this six month stability check at a time when it can be, and repeat 
water system balancing and chiller / heat exchanger performance testing using air 
temperature at the design conditions.  

END OF SECTION 23 05 93 
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SECTION 23 07 00 – HVAC INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and all 
Division 01 Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes materials and installation requirements for mechanical component insulation 
and related accessories. 

1. Insulation Materials: 

a. Cellular glass. 
b. Flexible elastomeric. 
c. Mineral fiber. 

2. Insulation Accessories: 

a. Insulating cements. 
b. Adhesives. 
c. Mastics. 
d. Lagging adhesives. 
e. Sealants. 
f. Factory-applied jackets. 
g. Field-applied fabric-reinforcing mesh. 
h. Field-applied cloths. 
i. Field-applied jackets. 
j. Tapes. 
k. Securements. 
l. Corner angles. 
m. Insulation protection systems 

1.3 DEFINITIONS 

A. “Concealed”: Work within or behind various construction elements, or in crawl spaces or 
trenches, that is not exposed to view when Project has been completed. (Areas above ceilings, 
including above Auditorium or Large Group Instruction partially open “cloud” ceilings and 
chases are considered a concealed location.) 

B. “Exposed”: Anything exposed to view when project has been completed. 

23 07 00 
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1.4 SUBMITTALS 

A. Comply with requirements of SECTION 01 33 00 – Submittal Procedures and as modified 
below. 

B. Provide all submittals required by this Section concurrently. 

C. Product Data 

1. Submit complete manufacturer’s product information for each type of insulation and 
accessory specified in this section demonstrating compliance with specified requirements 
and including: 

a. Thermal and vapor transmission performance. 
b. MSDS information. 
c. Flame spread / smoke developed data. 
d. Manufacturer’s recommended installation methods. 

D. Submit insulation schedule indicating each required service with type of insulation, thickness 
and R value, covering method, finishes, and any applicable notes. 

E. Quality Control Submittals 

1. Qualifications Certification:  Submit written certification of installers signed by 
applicable certification agency and/or manufacturer (where applicable) indicating 
compliance with “Installer Qualifications” requirements specified below in “Quality 
Assurance” article. 

2. Installer Experience Listing: Submit list of completed projects using products proposed 
for this Project, including Owner contact information for each project, demonstrating 
compliance with applicable “Qualifications” requirements specified below in “Quality 
Assurance” article. 

F. Contract Closeout Submittals:  Comply with requirements of DIVISION 1 sections on closeout, 
including submission of maintenance instructions as item in "Operating and Maintenance Data" 
manual described there. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: Provide insulation system installation by qualified Installers who are 
trained in installation of each proposed insulation material and product with at least one of the 
following qualifications: 

1. Have successfully completed a mechanical insulation apprenticeship program by the 
Department of Labor, Bureau of Apprenticeship and Training,  

2. Have successfully completed an ASHRAE / NIA 8 hour Mechanical Insulation Training 
course or equal, or  

3. Have five years documented experience as a mechanical insulation specialist with 
references attesting to successful completion of at least three comparable projects. 
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B. Condensation Resistance: Provide insulation and vapor barrier systems complete as required to 
eliminate condensation under any normal operating conditions from surfaces of all cooling 
equipment and components provided or modified as a part of this contract Work, unless those 
surfaces are designed to remove moisture by condensation from process air, and to contain and 
drain the condensate. 

C. Fire-Test-Response Characteristics:  Insulation and related materials shall have fire-test-
response characteristics indicated, as determined by testing identical products per 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 and inspecting 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. 

1.6 COORDINATION 

A. Coordinate size and location of supports, hangers, and insulation shields specified in Division 
23 Section "Hangers and Supports for HVAC Components." 

B. Coordinate clearance requirements with piping Installer for piping insulation application, duct 
Installer for duct insulation application, and equipment Installer for equipment insulation 
application.  Before preparing piping and ductwork Shop Drawings, establish and maintain 
clearance requirements for installation of insulation and field-applied jackets and finishes and 
for space required for maintenance. 

1.7 SCHEDULING 

A. Schedule insulation application after pressure testing.  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. 

1.8 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. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. For convenience, details and specifications have been based on products by the following 
manufacturers:  
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1. Armstrong; Lancaster, Pennsylvania  
2. Benjamin Foster 
3. CertainTeed; Valley Forge, Pennsylvania 
4. Fit Tight Covers, Inc. 
5. Johns Manville; Defiance, Ohio  
6. Kingspan Tarec 
7. Knauf; North Carolina  
8. No Sweat Valve Wraps, Inc. 
9. Owens-Corning; Toledo, Ohio 
10. Polyguard Products Inc., Ennis, Texas 
11. Thermaxx, LLC. 
12. Or Approved Equal. 

2.2 MATERIALS 

A. Pipe and Fitting Insulation: Provide pipe insulation in compliance with ASTM C 585 
Dimensional Standards. 

1. Insulation Thickness: 

a. Pipe and fitting insulation thicknesses specified assume an insulation conductivity  
(k) value of 0.27 btu•in/hr•ft2•ºF. For pipe and fitting insulation with conductivity 
other than 0.27 btu•in/hr•ft2•ºF, insulation must be thicker for higher conductivity 
and may be thinner for lower conductivity as required to achieve same or higher R 
value.  Adjust insulation thickness from that specified in accordance with the 
following formula:  

T = r[(1+t/r)K/k-1] where: 

1) T = Adjusted insulation thickness, inches 
2) r = Actual pipe outside radius, inches. 
3) t = Insulation thickness specified, inches. 
4) K = actual insulation conductivity, btu•in/hr•ft2•ºF. 
5) k = specified conductivity, 0.27 btu•in/hr•ft2•ºF. 

b. Hydronic Piping for Cooling Only: 

1) Pipe sizes ½ inch through ¾ inches ............. ½ inch 
2) Pipe sizes 1inch through 6 inch  ................... 1 inches  
3) Pipe sizes 8 inch and larger  ......................... 1-½ inches 

c. Hydronic Piping for Heating: 

1) Pipe sizes ½ inch through 1-¼ inches .......... 1-1/2 inch 
2) Pipe sizes 1-½ inches and larger  ................. 2 inches 

d. Make-Up Water and Condensate Drain Piping 

1) All pipe sizes ................................................ ½ inch 
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e. Flexible Connections: 

1) Pipe sizes ½ inch through 1-½ inches .......... 1/2 inch 
2) Pipe sizes 2 inches and larger  ..................... 1 inch 

f. Runout piping in restricted spaces where it is not possible to provide the specified 
thickness may use reduced thickness insulation as required by space restriction. 

2. Interior Above Grade Hydronic Piping Insulation: 

a. ASTM C547, cylindrically molded preformed rigid half pipe shell forms, factory 
one-piece “hinged” construction. 

1) Rigid pipe or tube insulation may be of mineral wool, fiberglass, closed cell 
glass, formed polyisocyanurate, formed phenolic, or extruded polystyrene 
(chilled service only). 

2) Thermal Conductivity (“k”): Measured in accordance with ASTM C 335.  
For k values greater than 0.27, include calculations and compliant increased 
thickness proposed. For k values equal or less than 0.27, provide specified 
insulation thickness or calculations justifying thinner insulation. 

3) Jacket: All Purpose (AP) vapor barrier jacket with: 

a) White kraft paper outer surface bonded to aluminum foil, reinforced 
with fiberglass yarn, permanently treated for fire and smoke safety 
and to prevent corrosion of foil. 

b) Self sealing pressure sensitive lap. 

c) Water Vapor Permeance: ASTM E96, Procedure A, 0.02 perm 
maximum. 

d) Puncture resistance: ASTM D781, 85 scale units minimum 

e) Burst resistance: ASTM D774, 100psi minimum. 

f) Similar to “150TL facing” as used in “AP T Plus Jacket” and tape by 
Johns Manville, or equal. 

3. Refrigerant Piping, Flexible Connections Insulation: fire-resistant, closed cell flexible 
(elastomeric) foam plastic, similar to Armacell Armaflex with manufacturer’s white 
painted mastic protective finish.  

4. Make-up water and Condensate Drain Lines:  insulation material similar to rigid pipe or 
refrigerant piping insulation specified above. 

5. Fitting and Valve Insulation: Precut fiberglass blanket to match thickness, appearance 
and insulation value of adjacent pipe insulation; similar to “Hi Lo Temp Fiber Glass 
Insulation Insert” by Johns Manville, with fitted protective jacket specified for the 
installation. 
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B. Pipe and Fitting Protective Jackets: 

1. Intended for permanent installation on non-serviceable components only.  

2. Interior Pipe and Fitting Insulation Protective Jacket:  

a. Plastic: High-impact, UV resistant polyvinyl chloride, white, paintable, covering 
designed to fit over AP jacketed  insulated piping systems, molded to fit various 
sizes of fittings and piping as required; similar to “Zeston 2000 or Zeston 300 PVC 
Jacketing” by Johns Manville. 

1) 20 mil thickness: Fittings and valves in interior applications eight feet above 
finished floor and higher. 

2) 30 mil thickness: Fittings, valves, and straight pipe in interior applications 
lower than eight feet above finished floor.  

b. Aluminum: Circumferentially corrugated 20mil thick or embossed 24 mil thick, 
with approved moisture barrier, with matching preformed fitting covers by same 
manufacturer.  Similar to Corrolon by Childers. 

C. Valve Covers, Serviceable Hydronic Component Insulation Jackets:  

1. 2” nominal size and smaller Strainers, Triple Duty, Autoflow Control, Manual Balancing, 
Check, Combination, and Control Valves, and other similar piping components needing 
periodic service, maintenance or adjustment - provide easily removable insulation jacket 
requiring no special tools for installation or removal / replacement: 

a. Factory fabricated removable and reusable cover similar to products by No Sweat 
Valve Wraps, Inc., or approved equal. 

b. Size so outer jacket overlaps adjoining sections of pipe insulation. 

c. Flame and smoke spread 25/50 per ASTM E-84 or less. 

d. Maximum k- factor .26 or matching surrounding insulation, using fiberglass 
blanket. 

e. Outer jacket made of material equal to DuPont Tychem® QC (polyethylene coated 
Tyvek) , overlapping and completely covering the insulation with seams joined by 
integral elastic banding and tabs made from hook and loop fasteners (Velcro).  

f. Butt ends and stem penetrations have sewn-in-place elastic. On cooling service, 
provide PSA backed closed cell foam gasket material adhered to stem penetration 
or surrounding insulation jacket between substrate and elastic jacket closure, as 
required insuring a complete vapor seal.  

2. Pumps, Suction Diffusers, Heat Exchanger Frames and Heads, Triple Duty Valves, 
Balancing and Control Valves over 2” nominal size, and other HVAC components 
needing periodic service, maintenance or adjustment - provide easily removable, reusable 
insulation jacket in one of two types: 
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a. Fabric type insulation jacket similar to products by ThermaXX, LLC, Fit Tight 
Covers, or approved equal: 

1) Silicone impregnated fiberglass composite cloth jacketing, 17 oz/sq. yd. 
minimum, 5 lb/cf type E needled fiberglass mat insulation, 35 lb test Kevlar 
thread, fiberglass or nylon webbing, Velcro closures or high temperature 
FRP buckles. 

2) Constructed in a folded three-dimensional shape designed to minimize the 
air space and convection current in the space between the hot metal surface 
and the inner layer of insulation, seamed for removal and replacement 
inspection ease.  Insulation sandwiched and protected between inner and 
outer layers of jacketing cloth. 

3) All jacket pieces which match mating seams must include an extended 2" 
flap constructed from the exterior fabric (or equivalent) secured using hook 
& loop closure (i.e. Velcro®) and SS D-rings parallel to the seam or quick 
release adjustable buckles. Hog rings, staples, wire, etc., are not acceptable 
methods of closure. 

4) Insulation sewn to inner and outer jackets to prevent shifting, in two layers 
minimum with staggered stitch lines between inside and outside jackets, of 
thickness as required to match R value of surrounding pipe insulation. All 
seams sewn with lock stitch at a minimum of 5 stitches per inch using 
specified thread. All seams except closing seam introverted, closing seam on 
inside: no raw cut jacket edges exposed after install. 

5) For below ambient services, provide vapor barrier coated exterior jacket, 
with seam sealant at all stitch lines.  Seal between jacket and equipment 
with replaceable closed cell gasket material to form a vapor barrier. 

6) Provide a permanently attached Laser Etched Anodized Aluminum 
nameplate (2” x 3.5”) on each jacket with the following information (or QR 
code and scanner app linking to information): 

a) Item Number 
b) Location Information 
c) Application Type 
d) Operating Pressure 
e) Component Type 
f) Component Size 
g) Jacket Min Max Temp 
h) Insulation Thickness 
i) Jacket material Hot Side 
j) Jacket material Cold Side 
k) Pre Photo & Post Photos 
l) Pattern 
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b. Metal box type field-fabricated insulation jacket: 

1) Fabricate two piece removable metal boxes lined with insulation of 
thickness as specified. 

2) Sheet metal box construction in accordance with section 23 31 00 – 
Ductwork and as follows. 

3) Materials shall be G-90 galvaneal, painted to match surrounding insulation 
system color.   

4) Secure enclosure to equipment with repeatedly re-usable bolts, clips, or 
bands that do not require tools for service access or additional tape for re-
assembly.  

5) Fabricate joints with hemmed edges, outward bolted flanges or secure 
latching mechanism.  Bolt flanges on 6-inch centers, starting at corners, 
using 3/8-inch- diameter fasteners with wing nuts.   

6) For below ambient services, install a vapor barrier at seams, joints, and 
penetrations.  Seal between flanges with replaceable closed cell foam gasket 
material to form a vapor barrier. 

D. Duct Insulation 

1. Provide insulation thickness on ducts, plenums, and equipment equal to height of flanges, 
but not less than thickness required to achieve duct insulation R values specified herein: 

a. R=6 deg. F-sq. ft.-h/Btu-in: 

1) All interior HVAC duct where insulation is required, unless otherwise noted 
elsewhere. 

b. R=12 deg. F-sq. ft.-h/Btu-in  

1) Interior outside air intake duct 

2. Rigid Board:  3 PCF minimum density glass fiber board (6PCF when exposed in 
mechanical or utility spaces) or phenolic, with factory-applied AP vapor barrier; similar 
to “800 series Spin-Glas” and “AP” facing by Johns Manville, or Kingspan KoolDuct.  

3. Semi-Flexible: 2.5 PCF minimum density continuous glass fiber oriented strand sheets, 
with factory-applied AP vapor barrier.  Strand orientation such that material has 
comparable rigidity to board type insulation above in one direction and comparable 
compressive strength, but is flexible enough in the other direction to wrap curved 
surfaces at a factory recommended minimum bend radius of 3T where T is the material 
thickness.  Similar to “CrimpWrap” by CertainTeed. 

4. Flexible:  Glass fiber blanket, 3/4 PCF minimum density, with factory-applied, flame-
resistant, FSK jacket; all joints taped; similar to Owens Corning “Fiberglas All Service 
Duct Wrap”. 
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E. Ductwork Insulation Protective Jackets: 

1. All Purpose (AP) Vapor Barrier for Duct Insulation: White kraft paper outer surface 
bonded to aluminum foil and reinforced with fiberglass yarn, permanently treated for fire 
and smoke safety and to prevent corrosion of foil. 

a. Water Vapor Permeance: ASTM E96, Procedure A, 0.02 perm maximum. 
b. Puncture resistance: ASTM D781, 85 scale units minimum 
c. Burst resistance: ASTM D774, 100psi minimum. 
d. Similar to “150TL facing” as used in “AP T Plus Jacket” and tape by Johns 

Manville, or equal. 

2. Foil-Skrim-Kraft (FSK) Vapor Barrier for Duct Insulation: Foil faced outer surface 
bonded to kraft paper backing and reinforced with fiberglass yarn, permanently treated 
for fire and smoke safety and to prevent corrosion of foil. 

a. Water Vapor Permeance: ASTM E96, Procedure A, 0.02 perm maximum. 
b. Similar to “FSK Jacket” and tape by Johns Manville, or equal. 

F. Mechanical Equipment Insulation: 

1. Thickness of insulation: 

a. Heating Equipment: 

1) Pumps, air separators, suction diffusers: 2 inches (R=8 minimum). 

2. Heating Equipment (Pumps, Suction Diffusers, Heat Exchangers, Tanks, Air Separators, 
etc.): 

a. Insulation: Same as rigid board and semi-flexible duct insulation described above, 
in 6pcf density. 

b. Prefabricate assemblies so as to be easily removable in assembled sections for 
service.  

G. Insulation Accessories: 

1. Mechanical Pin Fasteners:  Provide welded or adhered pins of length based on 
manufacturer’s recommendations for insulation density and thickness, securely holding 
insulation with insulation manufacturer’s recommended compression. Mechanical Pin 
Fastener types include: 

a. Stud style welded pins minimum 12 gauge diameter with matching push-on 
washers. Welded on with capacitor discharge type pin welder with no burn through 
or undercutting. Welded on prior to insulation application allowing for inspection 
prior to insulating. 
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b. Cup head style welded minimum 12 gauge diameter with integral washers. Welded 
on with capacitor discharge type pin welder with no burn through or undercutting. 
Welded on after insulation application dis-allowing inspection of pin welds 
without insulation removal. Not permitted for any Class A or tighter duct, not 
permitted for any fire rated duct insulation application. 

c. Adhered style with perforated metal back plate (minimum 4 square inches surface 
area) welded to 12 gauge pins with matching push washers, bonded with full 
coverage of manufacturer’s recommended adhesive.  Not permitted for any fire 
rated duct insulation application. 

d. Not permitted: PSA backed “peal and stick” pins, sheet metal fastening screws, or 
any other penetration of duct by fasteners. 

2. Insulation Securement Bands: For larger cylindrical surfaces and fire rated duct 
insulation, tension securement bands may be used to supplement or replace mechanical 
pin fasteners.  Provide bands of material compatible with insulation and system being 
insulated, minimum ½ inch wide and as required to avoid compressing insulation at 
required securement tension (3/4 inch minimum for diameters over 36 inches), 24 gage 
thick or thicker.  End buckles of similar material. Wrapping or securing with wires not 
permitted. 

3. Insulation Covering Canvas: 8 oz., 100 percent cotton, with flame spread 10 and smoke 
developed 0 ratings; similar to “Thermocanvas” by Fattal, Chicago, Illinois. 

4. Insulation Tapes: Provide insulation manufacturers’ recommended and matching tapes, 
matching characteristics of exterior jacket of insulation, in widths as required and as 
specified below to seal all gaps and reinforce vulnerable areas in vapor barrier.  Provide 
tapes with peel off protective coating covering high performance acrylic adhesive unless 
manufacturer documents superior performance of alternative recommendation. 

5. Insulation Adhesives and Mastics: Provide insulation manufacturers’ recommended and 
matching adhesives and mastics, as required and as specified below to seal all gaps and 
reinforce vulnerable areas in vapor barrier.  Provide with water based and low VOC 
formulations unless manufacturer documents superior performance of alternative 
recommendation and performance deficiencies of water based low VOC products. 

6. Corrosion Inhibition Coating: 

a. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following: 

1) Polyguard Brand, ReactiveGel™ RG-2400 series of coatings and 
accessories. 

b. Materials shall be compatible with insulation materials, jackets, substrates, and 
conditions of service.  Provide product formulation specifically designed for the 
conditions of service.  
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c. Product is a field applied gel chemical surface  conversion  compound  utilizing  
reactive mineralization  technology, creating a corrosion resistant mineral barrier 
50-200 angstroms deep into the metal surface which increases in thickness as time 
passes. 

d. Viscosity: Brookfield method; 200,000-300,000 cps  

e. Specific Gravity: Gravimetric; 0.98-1.08 

f. Application: Spray, rag, brush, roll, glove. 

g. Corrosion test performance, thickness .025": 

1) 1000 hours Accelerated Weathering per ASTM B117 - pass with no 
corrosion.  

2) ASTM G-23 – pass with no corrosion. 

h. Service Temperature Range:  Minus 40 to plus 350 deg F. depending on 
formulation. 

i. Color:  Blue.  

j. V.O.C.: EPA Method; NONE  

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation and other 
conditions affecting performance of insulation application. 

B. Verify that systems and equipment to be insulated have been tested and are free of defects. 
C. Verify that surfaces to be insulated are clean and dry. 
D. Proceed with installation only after unsatisfactory conditions have been corrected. 
E. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

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 inhibition coating to surfaces to be insulated as follows: 

1. All non-galvanized ferrous components with a service temperature below ambient 
(chilled water and chilled water/glycol systems):  Coat with one full coverage coat of 
specified corrosion inhibition coating.  Consult coating manufacturer for appropriate 
coating materials and application methods for operating temperature range. 
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C. Coordinate insulation installation with the trade installing heat tracing.  Comply with 
requirements for heat tracing that apply to insulation. 

D. Mix insulating cements with clean potable water; if insulating cements are to be in contact with 
stainless-steel surfaces, use demineralized water. 

3.3 INSTALLATION 

A. General: 

1. Provide thermal and acoustical insulation for components shown on the Drawings as 
specified in this Section for the following: 

a. All heating and air conditioning systems piping including fittings, valves, and 
accessories. 

1) Include removal of existing insulation and replacement insulation as 
specified for existing piping where called for on the drawings or where 
existing insulation is damaged as a result of contract work. 

2) Include re-insulation where insulation is removed as a part of the abatement 
work, and not otherwise replaced.  Refer to abatement drawings for 
quantities. 

b. All heating and air conditioning ductwork unless noted otherwise. 

1) All heating and air conditioning ductwork labeled as exposed shall not be 
insulated unless noted otherwise. 

2) All heating and air conditioning ductwork within a Mechanical Room, 
Boiler Room, Fan Room, etc., shall be insulated whether exposed or not. 

3) Include re-insulation where insulation is removed as a part of the abatement 
work. Refer to abatement drawings for quantities. 

c. All outside air ductwork extending from exterior wall or roof to the equipment 
which it serves. 

d. Exhaust, return, and relief air ductwork extending from exterior wall or roof 15 
feet into the building envelope in all directions of duct branch take-offs. 

e. All cooling condensate drain lines. 

2. Comply with manufacturer's installation instructions and recommendations.   

3. Do not begin mechanical insulation until permission is granted to begin mechanical 
insulation installation, hydronic systems have proved drip free under pressure, duct 
systems have passed required duct leakage requirements and testing, indoor work areas 
are weather tight, and outdoor work areas are at appropriate ambient conditions. 

4. Below ambient temperature applications: 

a. Provide corrosion inhibition coating as specified above. 
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b. Apply vapor barrier mastic and sealant to all open ends, joints, seams, breaks, and 
punctures in insulation. 

5. Do not use any insulation support system which causes compression of insulation, 
localized or widespread, to less than 75% of the rated nominal thickness.  Wires wrapped 
around rectangular duct insulation are not permitted as insulation support. 

6. Provide for durable and repeated service access as part of insulation system. 

a. Do not permanently cover inspection stampings, hand holes, manholes, plugged 
outlets, or similar features on equipment – provide removable labeled insulated 
access port with beveled and sealed insulation plug, gasketed if vapor barrier is 
needed, durably fabricated for repeated access. 

b. Provide removable insulated boxes as specified for Pumps, Suction Diffusers, Heat 
Exchanger Frames and Heads, Triple Duty, Balancing, and Control valves, and 
other HVAC components needing periodic maintenance or adjustment. 

7. Install thermal mechanical insulation as follows: 

a. Only on clean, dry surfaces and after piping and ductwork has been tested and 
found to be tight. 

b. Continuously through wall or ceiling openings and sleeves. 
c. On cold surfaces with continuous unbroken vapor seal.  
d. Insulate ducts and pipes individually. 

8. Where more than one layer of insulation is required to achieve specified thickness or R 
value, apply thinner layer first, and stagger joints between insulation layers at least 3 
inches. 

B. Pipe Insulation 

1. Comply with manufacturer's installation instructions and recommendations. Install only 
when ambient temperatures are within range recommended by manufacturer. STAPLES 
NOT PERMITTED.  

2. Provide high impact plastic wrapper on all exposed, insulated piping from finished floor 
to 8 ft. above finished floor. 

3. Interior Pipe and Fitting Insulation:  Install on all heating, cooling, and condensate 
piping. Seal with factory applied pressure-sealing adhesive strip on the longitudinal lap.  
Seal butt joints with pressure-sealing adhesive strip at least 2 inches wide. Install valve 
and fitting covers in all locations.  

4. Insulation at Pipe Support: Refer to SECTION 23 05 29 - Hangers and Supports for 
material specifications of insulated piping support assembly and pipe support insulation. 
Complete insulation installation for the applicable pipe support insulation type to be used. 
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a. Type “B” Pipe Support Insulation: 

1) Install pipe support insulation at hanger and support locations in 
conformance with manufacturer’s recommendations and as indicated on 
Drawings. 

2) Remove a section of insulation from pipe insulation and replace this section 
with heavy density molded fiberglass blocks without breaking vapor barrier 
wrap. 

b. Type “C” Pipe Support Insulation: 

1) Provide butt connection to high-density insulation sections at pipe hangers 
as specified in Section 23 05 29 - Hangers and Supports. 

2) Provide insulation with vapor barrier on upper half of insulated piping 
support assembly. 

3) Apply wet coat of vapor barrier lap cement on butt joints and finish coat of 
vapor barrier mastic. 

4) Tape edge of insulation section edge and insulation with white, pressure-
sensitive PVC tape with tape extending over adjacent pipe insulation by at 
least 2 inches. 

C. Ductwork Insulation:  Provide external thermal insulation on ducts as specified or indicated on 
Drawings; external thermal insulation not required where ducts are shown or specified with 
internal acoustical insulation.  Insulate and seal around duct dampers, damper motors, 
thermometers, instruments, access doors, and similar component as required without restricting 
operation or function.  Insulate all ducts in all concealed spaces. 

1. Use flexible type insulation on concealed ductwork with widths or diameters of 18 inches 
or less only.  Insulate all other ductwork requiring insulation with rigid board type, semi-
flexible type, or other type as required by drawings and specifications. 

2. Duct Insulation Mechanical Fasteners:  Provide mechanical fasteners for all duct surfaces 
over 12” wide.  For duct surfaces 18’” wide and less, provide single row of fasteners 
down duct centerline.  For duct surfaces over 18” wide, install minimum of 2 rows per 
side, applied on maximum 18" centers, starting within 3" of any edge. 

a. Pins with the point facing out accepting push washers: clip points close to washers 
and cover with vapor barrier adhesive and tape.  Not permitted on mechanical 
room duct unless covered by puncture resistant protective wrapper. 

3. Duct Insulation Tape: Apply only to clean dry dust free surfaces as recommended by tape 
manufacturer and as required for durable adhesion.   

a. Pealing tape, loose insulation, or otherwise broken vapor barrier subject to 
repeated recall. 
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4. Rigid Board Type Insulation Installation:  Install board with all corners mitered or 
rabbeted; no butt joints allowed.  Secure insulation with mechanical fasteners.  Apply 
corner reinforcement angles (beads) on all corners for exposed ductwork (including in 
mechanical or storage spaces), with edge tape over beads.  Seal all breaks and joints in 
vapor barrier with 3 to 5 inches wide insulation tape (minimum 1.5” tape past break all 
around). 

5. Semi-flexible Type:  Install similar to rigid board type, on round duct, curved elbows, 
etc..  Wrap curved and round surfaces taught, provide circumference tape band maximum 
two feet on center (butt joints and center of four foot roll stock). 

6. Flexible Type Insulation Installation:  Make all joints and seams with 2-inch lap of vapor 
barrier cemented with Benjamin Foster “BF85-20”.  Apply Benjamin Foster “BF-20” 
adhesive to ducts in 6-inch brush widths at 1 ft. intervals and at each facing edge.  Tape 
all adhered with Benjamin Foster “BF-20”.  Tape seal all seams, breaks, and joints in 
vapor barrier, then continuously coat all tape with manufacturer’s recommended vapor 
barrier adhesive 

7. Acoustical Duct Lining:  Install on low velocity ductwork as noted on Drawings, 
adhering to sheet metal duct with 100 percent coverage of adhesive meeting the 
requirements of ASTM C 916, and additionally securing with mechanical fasteners as 
noted above but on 12-inch centers maximum in the transverse direction.  Seal all edges, 
transverse joints and fastener penetrations with approved mastic.  Protect all exposed 
edges with metal nosing causing no greater than 10% compression of the liner. 

8. High Temperature Mechanical Insulation:  Install all materials in strict compliance with 
manufacturer's printed instructions and recommendations where indicated on Drawings 
or recommended by manufacturer of specific equipment. 

a. Install by attaching with welded pins or studs, spaced not more than 16 inches on 
center and not more than 4 inches from edge of insulation.  Install 1-inch thick 
material first followed by 2-inch thick material.  Offset all joints. 

b. Cover with metal mesh and insulating cement.  Recover with 7 oz. canvas, 
smoothly applied, adhered and sized with Benjamin Foster “BF-30" adhesive. 

9. Fire Rated Duct Insulation: Install, precisely following manufacturer’s instructions for 
banded securement, as required to achieve U.L. Listed fire rated assembly of the rating 
required by the application. If mechanical pin style insulation securement is required, 
(cup head pins or any adhered pins are not permitted), use stud style weld pins and 
inspect duct for weld penetrations of duct, pinhole leaks, cracked welds, etc., after stud 
welding and prior to insulating. No additional stud pin welding is permitted after duct 
inspection. If a no weld pin installation is permitted by the UL listed installation 
instructions, do not use weld pins.  

10. Exterior Duct Work Insulation: Install insulation and covering in strict compliance with 
manufacturer's printed instructions and recommendations and as follows: 

a. Mechanically fasten insulation to duct. 
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b. Slope top insulation a minimum ¼” per foot for positive drainage using tapered 
thickness panels, not shims with air gaps below. 

c. Tape joints and ruptures in facing, using adhesive tape of type recommended by 
insulation manufacturer, and seal each continuous area of insulation to surrounding 
construction ensuring vapor tight installation. 

d. Seal and protect exterior duct work insulation with Exterior Duct Insulation 
Covering, making all joints and terminations watertight with any and all special 
details as required by application. 

e. Mechanically support bottom of duct Exterior Duct Insulation Covering on all 
exterior duct 24 inches wide and wider such that there is no unsupported 
dimension over 30 inches.  Provide transverse and if required longitudinal strut 
system compressing Exterior Duct Insulation Covering against bottom of duct.  
Refer to Section 23 05 29 – Hangers and Supports for HVAC Components, for 
details of corrosion resistance and construction of insulation support system. 

f. Provide for air pressure bleed ports in the bottom of insulation system of exterior 
positive pressure duct as required to bleed off duct leakage without pressurizing 
insulation system.  Typical bleed port shall be similar to ¼” OD nylon tubing 
penetrating bottom of insulation full thickness of insulation, extending ½ inch 
below insulation cover, cut off at 45 degrees both ends, and sealed to insulation 
and covering with appropriate caulk.  On vertical duct, slope down for drainage.  
Provide one bleed port for every 10 linear feet of exterior duct. 

1) Test and eliminate duct leakage before applying insulation system.  If 
additional bleed ports are needed to prevent insulation covering from 
bulging out between supports due to internal pressure, remove insulation 
and reseal duct to control leakage.  

D. Equipment, Tank, and Vessel Insulation Installation 

1. Insulation Installation for Tanks and Vessels:   

a. Groove and score insulation materials to fit as closely as possible to equipment, 
including contours.  Bevel insulation edges for cylindrical surfaces for tight joints.  
Stagger end joints. 

b. Develop three dimensional curves using cuts and curves, not wrinkles.  Miter 
exterior corners and provide corner reinforcement angles.  Do not use mastic or 
joint sealer as filler for gaps and voids resulting from poor workmanship: re-cut 
new better fitting pieces with adjacent insulation sections touching.  

c. Protect exposed corners with secured corner angles. 

d. Secure insulation with adhesive, anchor pins and washers, and securement bands 
as required. 



Tetra Tech HVAC INSULATION 

Architects & Engineers Project No.  203778-21001 23 07 00 /  Page 17 

e. Apply adhesives as follows: 

1) Select insulation adhesive compatible with service temperature, substrate, 
and insulation. 

2) Provide 100 percent coverage of tank and vessel surfaces.  
3) Follow manufacturers’ recommended coverage rates per unit area. 

f. Install Mechanical Pin Fasteners on sides of tanks and vessels as follows: 

1) Do not weld anchor pins to ASME-labeled pressure vessels. 

2) Select insulation hangers and adhesive compatible with service temperature 
and substrate. 

3) Maximum pin spacing is 3 inches from insulation end joints, and 16 inches 
o.c. in both directions. 

4) Impale insulation over anchor pins and attach speed washers. 

5) In concealed applications, cut excess portion of pins extending beyond 
speed washers or bend parallel with insulation surface.  In exposed 
mechanical room applications, bend excess portion of pins extending 
beyond speed washers parallel with insulation surface. Cover exposed pins 
and washers with tape matching insulation facing. 

g. Provide securement Bands as follows: 

1) Use where adhesives and mechanical pin fasteners are inappropriate or 
inadequate as required to secure insulation. 

2) Secure each layer of insulation with securement bands seperately. 

3) Where insulation hangers on equipment and vessels are not permitted or 
practical and where insulation support rings are not provided, install a girdle 
network for securing insulation.  Stretch prestressed aircraft cable around 
the diameter of vessel and make taut with clamps, turnbuckles, or breather 
springs.  Place one circumferential girdle around equipment approximately 6 
inches from each end.  Install wire or cable between two circumferential 
girdles 12 inches o.c.  Install a wire ring around each end and around outer 
periphery of center openings, and stretch prestressed aircraft cable radially 
from the wire ring to nearest circumferential girdle.  Install additional 
circumferential girdles along the body of equipment or tank at a minimum 
spacing of 48 inches o.c.  Use this network for securing insulation with tie 
wire or bands. 
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2. Air Conditioning Service Diffusers: 

a. Install insulation materials in accordance with manufacturers written instructions.  
Clean and dry diffuser backs before installation.  Use one piece covering entire 
back of diffusers where possible, adhered durably vapor tight especially at edges, 
with smooth and even surfaces, and neat hole cut to fit duct collar.  Seal to duct 
insulation. 

3. Pumps, Suction Diffusers, Heat Exchanger Frames and Heads, Strainers, Triple Duty 
Valves, Balancing and Control Valves, and other HVAC components needing periodic 
maintenance or adjustment:  

a. Provide removable covers as specified above. 

b. Fit covers closely to component being insulated and adjacent system insulation and 
coincide joints with component and adjacent equipment installations allowing easy 
removal for service access to all parts requiring service.   

c. Valves with insulated non-condensing stem assembly: insulate and seal to stem, 
leaving insulated adjustable portion of valve\s exposed. 

4. Surface Finish of Equipment Insulation: 

a. Heating Equipment with no serviceable parts concealed:  Reinforce insulation and 
cover with metal mesh and insulating cement.  Recover with 8 oz. canvas, 
smoothly applied, adhered and sized with Benjamin Foster “BF-30" adhesive.  

b. Cooling Equipment with no serviceable parts concealed:  Glue all joints with 100% 
adhesive coverage of cut surfaces.  Seal assembly vapor tight as required to avoid 
condensation. Paint all exposed insulation edges with manufacturers (white) finish, 
similar to “WB Armaflex” or equal, and cover all joints with manufacturer’s 
matching protective vapor barrier facing tape. 

END OF SECTION 23 07 00 
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SECTION 23 08 00 - COMMISSIONING OF HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and other 
Division 01 Specification Sections, apply to this Section.  

1. See especially Section 01 08 00 "General Commissioning Requirements" for general 
commissioning process requirements and Commissioning Coordinator responsibilities. 

1.2 SUMMARY 

A. Section includes commissioning process requirements for the following Building Mechanical 
Systems, which are described in more detail in the technical specifications of Division  23. 

1. Heat generation systems, including hot-water boilers, humidification systems, furnaces, 
and auxiliary equipment. 

2. Cooling generation systems, including direct-expansion systems. 

3. Distribution systems, including supply and return air distribution (heating and cooling) 
systems, hot water/glycol distribution systems, changeover distribution systems (hot and 
chilled water/glycol), chilled water/glycol distribution systems, heat exchanger systems 
(water /glycol and air), exhaust systems air-handling units. 

4. Terminal and packaged units, including unit ventilators, unit heaters, fan-coil units, 
finned-tube radiation, induction systems, and packaged units. 

5. Energy Management and Control System. 

6. Systems testing, adjusting, and balancing verification, including all of the above 
mentioned systems. 

1.3 DEFINITIONS 

A. BAS: Building automation system, also known as Energy Management and Control System 
(EMCS). 

B. Building Mechanical Systems: All Systems, Subsystems, Equipment, and Components of the 
building systems traditionally known as Heating, Ventilating, Air Conditioning, Refrigeration, 
Plumbing, and Electrical Works.  

C. Commissioning Plan:  A document that outlines the organization, schedule, allocation of 
resources, and documentation requirements of the commissioning process. 

23 08 00 
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D. CxA:  Commissioning Authority –The Owner or a third party commissioning agent designated 
by the Owner. 

E. DDC: Direct digital controls, a part of the BAS. 

F. HVAC&R: Heating, Ventilating, Air Conditioning, and Refrigeration. 

G. "Systems," "Subsystems," "Equipment," and "Components": Where these terms are used 
together or separately, they shall mean "as-built" systems, subsystems, equipment, and 
components. 

H. TAB: Testing, adjusting, and balancing. 

1.4 SUBMITTALS 

A. Qualification Data: For BAS and HVAC&R Testing Technician. 

B. Construction Checklists: Provide construction pre-functional test checklists filled out by 
qualified technician for all equipment to be commissioned on this project, including but not 
limited to all : 

1. BAS. 
2. Heating-water piping and accessories. 
3. Hydronic Pumps. 

C. Certificates of readiness and completion of installation. 

D. Test and inspection reports and certificates. 

E. Corrective action documents.  

F. Instrumentation Calibration Information 

G. Functional Performance Test Procedures 

1.5 QUALITY ASSURANCE 

A. BAS Testing Technician Qualifications: Technicians to perform BAS construction checklist 
verification tests, construction checklist verification test demonstrations, commissioning tests, 
and commissioning test demonstrations shall have the following minimum qualifications: 

1. Journey-level or equivalent skill level with knowledge of BAS, HVAC&R, electrical 
concepts, and building operations. 

2. Minimum three years' experience installing, servicing, and operating systems 
manufactured by approved manufacturer. 

3. International Society of Automation (ISA) Certified Control Systems Technician (CCST) 
Level I. 
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B. HVAC&R Testing Technician Qualifications: Technicians to perform HVAC&R construction 
checklist verification tests, construction checklist verification test demonstrations, 
commissioning tests, and commissioning test demonstrations shall have the following minimum 
qualifications: 

1. Journey-level or equivalent skill level. Vocational School four-year program graduate or 
an Associates degree in mechanical systems, air conditioning, or similar field. Degree 
may be offset by three years' experience in servicing mechanical systems in the HVAC 
industry. Generally, required knowledge includes HVAC&R systems, electrical concepts, 
building operations, and application and use of tools and instrumentation to measure 
performance of HVAC&R equipment, assemblies, and systems. 

2. Minimum three years' experience installing, servicing, and operating systems 
manufactured by approved manufacturer. 

3. One of the following: 

a. National Environmental Balancing Bureau (NEBB) Certified Testing, Adjusting, 
and Balancing Technician. 

b. Associated Air Balance Council (AABC) Certified Test and Balance Technician. 
c. Owner retains the right to waive NEBB or AABC Certification. 

C. Testing Equipment and Instrumentation Quality and Calibration: For test equipment and 
instrumentation required to perform HVAC&R commissioning work, perform the following: 

1. Submit test equipment and instrumentation list. For each equipment or instrument, 
identify the following: 

a. Equipment/instrument identification number. 
b. Planned commissioning application or use. 
c. Manufacturer, make, model, and serial number. 
d. Calibration history, including certificates from agencies that calibrate the 

equipment and instrumentation. 

2. Test equipment and instrumentation shall meet the following criteria: 

a. Capable of testing and measuring performance within the specified acceptance 
criteria. 

b. Be calibrated at the manufacturer's recommended intervals with current calibration 
tags permanently affixed to the instrument being used. 

c. Be maintained in good repair and operating condition throughout the duration of 
use on this Project. 

d. Be recalibrated/repaired if dropped or damaged in any way since last calibrated. 
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D. Proprietary Test Instrumentation and Tools: 

1. Equipment Manufacturer's Proprietary Instrumentation and Tools: For installed 
equipment included in the commissioning process, test instrumentation and tools 
manufactured or prescribed by equipment manufacturer to service, calibrate, adjust, 
repair, or otherwise work on its equipment or required as a condition of equipment 
warranty, perform the following: 

a. Submit proprietary instrumentation and tools list. For each instrument or tool, 
identify the following: 

1) Instrument or tool identification number. 
2) Equipment schedule designation of equipment for which the instrument or 

tool is required. 
3) Manufacturer, make, model, and serial number. 
4) Calibration history, including certificates from agencies that calibrate the 

instrument or tool, where appropriate. 

b. Include a separate list of proprietary test instrumentation and tools in the operation 
and maintenance manuals. 

c. HVAC&R proprietary test instrumentation and tools become the property of 
Owner at the time of Substantial Completion. 

1.6 CONTRACTOR'S RESPONSIBILITIES 

A. Provide mechanical work in accordance with contract document requirements. 

B. Perform commissioning tests including Materials Checks, Installation Checks, Start-up Checks, 
Startups, and Functional Testing, all at the direction of the CxA. 

C. Attend construction phase controls coordination meetings. 

D. Attend and participate in TAB review and coordination meetings 

E. Attend and participate in commissioning meetings. 

F. Participate in Building Mechanical Systems maintenance orientation and inspection as directed 
by the CxA. 

G. Prepare Construction / Prefunctional Checklists and Functional Performance Test procedures 
and execute and document results. All Prefunctional Checklists and tests must be documented 
using specific, procedural forms in Microsoft Word or Excel software developed for that 
purpose. Prior to testing, Contractor shall submit those forms for review and approval. 

H. Submit documentation required for Commissioning work.  At minimum, include:  Detailed 
Start-up procedures, Full sequences of operation, Operating and Maintenance data, Performance 
data, checkout sheet forms used by factory or manufacturer’s field technicians, Functional 
Performance Test Procedures, Control Drawings, and details of Owner-Contracted tests. 
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I. Review and approve other relative documentation for impact on Functional Performance Tests 
of the systems: 

1. Shop Drawings and product submittal data related to systems or equipment to be 
commissioned. Review and incorporate comments from the CxA. 

2. Incorporate manufacturer’s Start-up procedures with Prefunctional checklists. 

3. Factory Performance Test Reports:  Review and compile all factory performance data to 
assure that the data is complete prior to executing the Functional Performance Testing. 

4. Complete equipment Construction / Prefunctional Checklists, Start-up certification forms, 
and the manufacturer’s field or factory performance and Start-up test documentation:  
review the documentation prior to commencing with the scheduled Functional 
Performance Tests. 

5. Final Testing Reports: Contractor or Subcontractor performing the test will review the 
documentation prior to commencing with the scheduled Functional Performance Tests. 

6. Operating and Maintenance (O&M) information per requirements of the Technical 
Specifications and Division 01 requirements:  To validate adequacy and completeness of 
the Functional Performance Tests, the Contractor shall ensure that the O&M manual 
content, marked-up record Drawings and Specifications, component submittal drawings, 
and other pertinent documents are available at the Project Site for review.  

J. Provide information requested by the CxA for final commissioning documentation. 

K. Schedule work so that required installations are completed, and systems verification checks and 
functional performance tests can be carried out on schedule. 

L. Provide measuring instruments and logging devices to record test data, and provide data 
acquisition equipment to record data for the complete range of testing for the required test 
period.  

M. Inspect, check and confirm in writing the proper installation and performance of all Work. 

N. Provide technicians to assist during system verification and functional performance testing as 
required by the CxA 

1.7 CxA'S AUTHORITY 

A. Directing Commissioning. 

B. Assign Commissioning Agent for various commissioning tasks to stand in for the CxA. 

C. Edit and approve project-specific construction checklists and commissioning process test 
procedures for actual Building Mechanical Systems, assemblies, equipment, and components to 
be provided as part of the construction contract. 

D. Verify Testing, Adjusting, and Balancing of Work are complete. 
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1.8 COMMISSIONING DOCUMENTATION 

A. Provide the following information to the CxA for inclusion in the commissioning plan: 

1. Plan for delivery and review of submittals, systems manuals, and other documents and 
reports. 

2. Identification of installed systems, assemblies, equipment, and components including 
design changes that occurred during the construction phase. 

3. Process and schedule for completing construction checklists and manufacturer's prestart 
and startup checklists for Building Mechanical Systems to be verified and tested. 

4. Certificate of completion certifying that installation, prestart checks, and startup 
procedures have been completed. 

5. Certificate of readiness certifying that Building Mechanical Systems and associated 
controls are ready for testing. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 TESTING PREPARATION 

A. Certify that Building Mechanical Systems have been installed, calibrated, and started and are 
operating according to the Contract Documents. 

B. Certify that Building Mechanical Systems instrumentation and control systems have been 
completed and calibrated, that they are operating according to the Contract Documents, and that 
pretest set points have been recorded. 

C. Certify that Contractor portions of testing, adjusting, and balancing procedures have been 
completed and that testing, adjusting, and balancing report discrepancies have been corrected, 
and corrective work approved. 

D. Set systems, subsystems, and equipment into operating mode to be tested (e.g., normal 
shutdown, normal auto position, normal manual position, unoccupied cycle, emergency power, 
and alarm conditions). 

E. Inspect and verify the position of each device and interlock. 

F. Check safety cutouts, alarms, and interlocks with smoke control and life-safety systems during 
each mode of operation. 

G. Testing Instrumentation:  Provide (Furnish and Install) measuring instruments and logging 
devices to record test data as directed by the CxA. 

3.2 GENERAL TESTING REQUIREMENTS 

A. Provide technicians, instrumentation, and tools to perform commissioning tests at the direction 
of the CxA. 
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B. Scope of Building Mechanical Systems testing includes entire HVAC&R installation.  Testing 
includes measuring capacities and effectiveness of operational and control functions, accuracy 
and precision of sensing equipment, and other functional parameters as required, demonstrating 
that systems are performing as specified and intended.  Commissioning testing includes 
verification of up to 30 percent of the control points, Testing and Balancing data, and other 
system requirements indicated in the individual technical sections, and on the drawings and 
schedules of these contract documents.  Parameters not otherwise specified to be tested, as 
required to adequately demonstrate system performance, may constitute up to 10 percent of the 
30 percent (3 percent of total). 

C. Test all operating modes, interlocks, control responses, and responses to abnormal or 
emergency conditions, and verify proper response of building automation system controllers 
and sensors. 

D. The CxA along with the Building Mechanical Systems Contractors and their Subcontractors, 
especially the Testing, Adjusting, and Balancing Subcontractor, and HVAC&R Instrumentation 
and Control Subcontractor, shall prepare detailed testing plans, procedures, and checklists for 
Building Mechanical Systems based on the actual installed equipment and the contract 
documents. 

E. Perform tests using design conditions whenever possible. 

1. Simulated conditions may need to be imposed using an artificial load when it is not 
practical to test under design conditions.  Before simulating conditions, calibrate testing 
instruments.  Provide equipment to simulate loads.  Set simulated conditions as directed 
by the CxA and document simulated conditions and methods of simulation.  After tests, 
return settings to normal operating conditions. 

2. The CxA may direct that set points be altered when simulating conditions is not practical. 

3. The CxA may direct that sensor values be altered with a signal generator when design or 
simulating conditions and altering set points are not practical. 

F. If tests cannot be completed because of a deficiency outside the scope of the Building 
Mechanical System, document the deficiency and report it to the Owner.  After deficiencies are 
resolved, reschedule tests.  If deficiencies cannot be resolved, refine tests as required to 
adequately test Building Mechanical Systems within the constraints of the deficiency. 

G. If the testing plan indicates specific seasonal testing, complete appropriate initial performance 
tests and documentation and schedule seasonal tests. 

3.3 TESTING, ADJUSTING, AND BALANCING (TAB) VERIFICATION 

A. Prior to performance of TAB Work, provide copies of approved sample report forms, checklists, 
and certificates to the CxA. 

B. Notify the CxA at least 10 days in advance of TAB Work, and provide access for the CxA to 
witness Testing, Adjusting, and Balancing Work. 
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C. Subsequent to approval of formal TAB report, TAB Work will be subject to field verification. 
Provide technicians, instrumentation, and tools to verify testing and balancing of Building 
Mechanical Systems at the direction of the CxA. Roughly 10% of required TAB data points 
identified in TAB specification will be selected for subsequent field verification. 

1. The CxA will notify TAB Subcontractor 10 days in advance of the date of field 
verification.  Notice will not include data points to be verified.. 

2. The TAB Subcontractor shall use the same instruments (by model and serial number) that 
were used when original data were collected. 

3. Failure of an item includes, other than sound, a deviation of more than 10 percent.  
Failure of more than 10 percent of selected items shall result in rejection of final testing, 
adjusting, and balancing report.  For sound pressure readings, a deviation of 3 dB shall 
result in rejection of final testing.  Variations in background noise must be considered. 

4. Remedy the deficiency and notify the CxA so verification of failed portions can be 
performed. 

3.4 SPECIFIC COMPONENT ANS SYSTEM COMMISSIONING TESTS 

A. Air Distribution Systems 

1. TAB Air Flow Verification: 

a. Prerequisites: Completion of "Examination" Article requirements and correction of 
deficiencies, as specified in Section 230593 "Testing, Adjusting, and Balancing for 
HVAC." 

b. Completion of "Preparation" Article requirements for preparation of a TAB plan 
that includes strategies and step-by-step procedures, and system-readiness checks 
and reports, as specified in Section 230593 "Testing, Adjusting, and Balancing for 
HVAC." 

c. Scope: HVAC&R air systems and hydronic piping systems. 

d. Purpose: Differential flow relationships intended to maintain air pressurization 
differentials between the various areas of Project. 

e. Conditions of the Test: 

1) Commissioning Test Demonstration Sampling Rate: As specified in 
"Inspections" Article in Section 230593 "Testing, Adjusting, and Balancing 
for HVAC." 

2) Systems operating in full heating mode with minimum outside-air volume. 

3) Systems operating in full cooling mode with minimum outside-air volume. 

4) For measurements at air-handling units with economizer controls; systems 
operating in economizer mode with 100 percent outside air. 
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f. Acceptance Criteria: 

1) Under all conditions, rechecked measurements comply with "Inspections" 
Article in Section 23 05 93 "Testing, Adjusting, and Balancing for HVAC." 

2) Additionally, no rechecked measurement shall differ from measurements 
documented in the final report by more than two times the tolerances 
allowed. 

3) Under all conditions, where the Contract Documents indicate a differential 
in airflow between supply and exhaust and/or return in a space, the 
differential relationship shall be maintained. 

B. General Hydronic System Testing 

1. Pipe system cleaning, flushing, hydrostatic tests, and chemical treatment requirements are 
specified in Division 23 piping Sections.  HVAC&R Contractor shall prepare a pipe 
system cleaning, flushing, and hydrostatic testing plan.  Provide cleaning, flushing, 
testing, and treating plan and final reports to the CxA.  Plan shall include the following: 

a. Sequence of testing and testing procedures for each section of pipe to be tested, 
identified by pipe zone or sector identification marker.  Markers shall be keyed to 
Drawings for each pipe sector, showing the physical location of each designated 
pipe test section.  Drawings keyed to pipe zones or sectors shall be formatted to 
allow each section of piping to be physically located and identified when referred 
to in pipe system cleaning, flushing, hydrostatic testing, and chemical treatment 
plan. 

b. Description of equipment for flushing operations. 

c. Minimum flushing water velocity. 

d. Tracking checklist for managing and ensuring that all pipe sections have been 
cleaned, flushed, hydrostatically tested, and chemically treated. 

C. Hot Water Distribution Systems 

1. Heating-Water Supply Temperature Control: 

a. Prerequisites: Installation verification of the following: 

1) Startup of boiler. 

2) Startup of heating-water pump(s). 

3) TAB of heating-water flow and pressure. 

4) Input Device: Heating-water supply temperature sensors, thermometers, and 
thermostatic devices. 

5) Output Device: Control valve. 
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6) Display the following at the operator's workstation: 

a) Heating-water supply temperature. 
b) Heating-water supply temperature set point. 
c) Control-valve position. 

b. Scope: Heating-water system. 

c. Purpose: Control of heating-water supply temperature at input device. 

d. Conditions of the Test: 

1) Minimum heating-water flow. 
2) Midrange Heating-Water Flow:  50 to 60 percent of maximum. 
3) Maximum heating-water flow. 

e. Acceptance Criteria: Under all conditions, heating-water supply temperature is 
within plus or minus 2.0 deg F of set point. 

2. Heating-Water Supply Temperature Reset: 

a. Prerequisites: Installation verification of the following: 

1) Startup of boiler. 

2) Startup of heating-water pump(s). 

3) TAB of heating-water flow and pressure. 

4) Input Device: Heating-water supply temperature sensors, thermometers, and 
thermostatic devices. 

5) Input Device: Outdoor-air temperature sensor; 

6) Output Device: Control valve. 

7) Display the following at the operator's workstation: 

a) Outdoor-air temperature. 
b) Heating-water supply temperature. 
c) Heating-water supply temperature set point. 
d) Control-valve position. 

b. Scope: Heating-water system. 

c. Purpose: Control of heating-water supply temperature at heating-water supply 
temperature input device in response to variable outdoor-air temperature input; 
outdoor-air sensor. 
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d. Conditions of the Test: Outdoor-air temperature input value may be overridden for 
this test. 

1) Low Temperature: Outdoor-air temperature between minus 30 and 0 deg F. 
2) Midrange Temperature: Outdoor-air temperature between 30 and 45 deg F. 
3) High Temperature: Outdoor-air temperature above 65 deg F. 

e. Acceptance Criteria: Heating-water supply temperature resets in straight-line 
relationship with outdoor-air temperature for the following reset schedule. Under 
all conditions, heating-water supply temperature is within 2.0 deg F of set point. 

1) 160 deg F heating water when outdoor-air temperature is minus 10 deg F. 
2) 110 deg F heating water when outdoor-air temperature is 45 deg F. 
3) Under all conditions, heating-water supply temperature is within plus or 

minus 2.0 deg F of set point. 

3. Pump Testing and Acceptance Procedures: Testing requirements are specified in 
Division 23 Section “Testing, Adjusting, and Balancing for HVAC”.  Provide submittals, 
test data, inspector record, VSD setup reports, and pump alignment certification to the 
CxA.  Pumps shall deliver the design flow rate and pressure using no more energy than as 
scheduled.  Pump alignment shall be as specified.  VSD setup and adjustment shall be as 
specified. 

4. Control Primary Circulating Pump(s): 

a. Prerequisites: Installation verification of the following: 

1) Startup of heating-water pump(s). 

2) Input Device: Outdoor-air temperature; outdoor-air sensor. 

3) Output Device: Heating-water pump; DDC system command to starter 
relay. 

4) Display the following at the operator's workstation: 

a) Outdoor-air temperature. 
b) Operating status of primary circulating pump(s). 

b. Scope: Heating-water pump(s) and associated controls. 

c. Purpose: On-off control of heating-water pump(s) in response to variable outdoor-
air temperature input; outdoor-air sensor. 

d. Conditions of the Test: 

1) High Temperature: Outdoor-air temperature above 65 deg F. 
2) Low Temperature: Outdoor-air temperature below 65 deg F. 
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e. Acceptance Criteria: 

1) High Temperature: Pump(s) are off when outside-air temperature is above 
65 deg F. 

2) Low Temperature: Pump(s) are on when outside-air temperature is below 65 
deg F. 

D. Air-Handling Units 

1. Air-Handler Mixed-Air Control: 

a. Prerequisites: Installation verification of the following: 

1) Minimum Position Input Device:  DDC system time schedule. 

2) Output Device:  DDC system analog output to modulating damper 
actuator(s). 

3) Heating Reset Input Device:  DDC system software. 

4) Supply-Air Temperature Input Device:  Electronic temperature sensor. 

5) Display the following at the operator's workstation: 

a) Mixed-air-temperature indication. 
b) Mixed-air-temperature set point. 
c) Mixed-air damper position. 

b. Scope: Air handler with mixed-air control and associated controls. 

c. Purpose: 

1) Occupied time control. 
2) Minimum damper position control. 
3) Heating reset control. 
4) Supply-air temperature control. 
5) Cooling reset control. 
6) Unoccupied time control. 

d. Conditions of the Test: 

1) Occupied Time Control: Start in unoccupied schedule. Advance to occupied 
schedule time. 

2) Minimum Damper Position Control: Command system to mode in which 
minimum damper position is required. 

3) Heating Reset Control: Create a call for heating. 

4) Supply-Air Temperature Control: Override supply-air temperature set point 
to a value 2.0 deg F above current supply-air temperature. 
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5) Unoccupied Time Control: Advance to unoccupied schedule time. 

6) Control Data Trend Log: Set up a data trend log of the following input 
device values and output device commands. Record data at hourly intervals. 
Submit trend data for 24-hour periods in which natural conditions require 
heating reset control, supply-air temperature control, and economizer 
cooling control. 

a) Minimum position input device. 
b) Heating reset input device. 
c) Supply-air temperature input device. 
d) Cooling reset input device. 

e. Acceptance Criteria: 

1) Occupied Time Control: Mixed-air control is active in occupied mode. 

2) Minimum Damper Position Control: Controller positions outdoor-air 
dampers to minimum position. 

3) Heating Reset Control: Controller sets outdoor-air dampers to minimum 
position. 

4) Supply-Air Temperature Control: Controller modulates outdoor-, return-, 
and relief-air dampers to maintain temporary supply-air temperature set 
point plus or minus 1.0 deg F. 

5) Economizer Cooling Control: Controller sets outdoor-air dampers to 
mazimum position when outdoor-air enthalpy is less than return-air 
enthalpy. 

6) Unoccupied Time Control: Controller positions outdoor- and relief-air 
dampers closed and return-air dampers open. 

7) Control Data Trend Log: Data verifies control according to sequence of 
control. 

E. Energy Management And Control System 

1. Testing requirements are specified in Division 23 Section “Instrumentation and Control 
for HVAC”, Section 3.11 SYSTEM TESTING AND COMMISSIONING.  Provide 
submittals, test data, inspector record, and EMCS performance certification to the CxA. 

2. Provide password and any other hardware and software as required to enable CxA to 
communicate directly, with full graphics and control capability, with the EMCS from the 
CxA’s office over an internet browser interface. Install complete early in project. 
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F. Electrical Power Distribution Systems Serving the Above Listed Mechanical (Plumbing and 
HVAC&R) Systems 

1. Be prepared for CxA to take thermal images of field connections for any line voltage 
power connections.  

END OF SECTION 23 08 00 
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SECTION 23 09 00 - INSTRUMENTATION AND CONTROL FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

B. Review and study all drawings and this entire project specification to become familiar with the 
equipment and system operation as designed and to verify the quantities and types of controllers, 
valves, dampers, operators, alarms, points, etc., required. 

1.2 SUMMARY 

A. This section describes the requirements for a complete Energy Management and Control System 
(EMCS) for building mechanical systems and components, based upon Direct Digital Control 
(DDC) logic including WEB served operator interface via one new as well as the existing 
computer Operator Work Stations, distributed microprocessor controls, and integrated electronic 
components, interfaces, and actuation, all installed complete as specified. 

B. Perform all work in cooperation with the Owner, Architect, Construction Manager, and other 
Prime Contractors. Coordinate all work with the construction schedule established by the Owner, 
Architect, and Construction Manager, and immediately report any delays including circumstances 
causing the delays. 

C. It is the Owner’s intent to establish a fully compatible and interoperable Energy Management and 
Control System (EMCS) network as an extension of the Honeywell Excel 5000 system and as 
described herein. 

1. Contractors providing any or all portions of an EMCS system(s) by a manufacturer other 
than as described in paragraph C shall do so under the following requirements.  

a. Provide Owner signed copy of Technical Proposal as described in paragraph 1.8, B. 

b. Obtain from the Owner, the current EMCS system architecture diagram and 
complete control point list prior to any demolition such that current control points 
will be incorporated into the EMCS work. 

c. Removal of all existing controls components of the current EMCS.  

d. Providing new controls complete associated with the current EMCS and as specified 
herein and indicated on the control drawings.  Provide new graphic displays for all 
new controls, and custom configure graphic displays to meet Owner and Engineer 
requirements. Provide each of the following portions of the complete EMCS as a 
standalone system that can communicate with any other Direct Digital Control 
(DDC) system which is following the same protocol. 

23 09 00 
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e. Provide to the Owner, for standby, a minimum of one Standalone Unit Controllers 
and one Network Control Unit. Controllers shall be new as shipped from the factory. 

2. Network Control Unit (NCU): Provide central processor WEB server capability for and 
fully integrated two way communications with all energy use and management equipment 
provided or modified by this project, along with any third party stand alone controls 
provided by the manufacturers of the Air Handlers, Refrigeration Machinery, Boilers, and 
Variable Speed Drives.  NCU shall be capable of supporting a minimum of 127 field 
devices, providing reserve capacity for addition of future points and expansion of DDC 
system into building.  The DDC system’s NCU shall communicate with the OWS entirely 
using the BACnet protocol, with a conformance class of 5, as defined in the latest officially 
amended version of ANSI/ASHRAE 135-2004. 

3. Distributed Controls: System controls shall include but not be limited to all controllers, 
sensors, devices, wiring, and all other hardware and software required to perform all of the 
functions and controls described later in this specification and on the drawings, including 
fully integrated two-way control of boilers, chiller, condensing units, pumps, VSDs, heat 
exchanger, and all associated temperatures, pressures, and other controllable parameters of 
mechanical equipment and systems provided or modified as part of this project.  Provide 
control through the EMCS as outlined in the general controls sequences of operations 
below, as shown on the project drawings, and with controls similar to as shown where the 
exact configuration is not explicitly covered by the drawing and specification sequence of 
operations. 

4. Engineer’s Office: Provide password and any other hardware and software as required to 
enable Engineer to communicate directly, with full graphics and control capability, with 
the EMCS from the Engineer's office over an internet browser interface.  Install complete 
early in project.  Engineer will utilize to check progress of installation, to check operation 
of system during the punch list period, and to monitor system operation after completion 
of the work.  

1.3 DEFINITIONS 

A. DDC:  Direct Digital Control. 

B. PC:  Personal computer. 

C. EMCS: Energy Management and Control System, includes the complete automatic temperature 
control and energy use management system specified herein, based upon DDC technology, 
incorporating all necessary input and output devices, connecting hardware, software, and 
accessories. 

D. OWS: Operator Workstation which is the main operator interface with the EMCS, comprised of 
a PC with graphical two way interface with, and data base and control capabilities for, the entire 
EMCS. 

E. UC: Unitary Controller, a version of the SCU which is a smaller microprocessor-based controller, 
possibly pre-programmed to function specifically for the operation of a particular piece of 
equipment, such as a standard configuration air handler, unit ventilator, variable air volume box, 
lighting circuit, etc. 
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F. SCU: Standalone Control Unit, a microprocessor-based controller panel, which contains all 
necessary control logic to carry out its own, local functions, and can function independently of 
other SCU panels and all remaining portions of the EMCS.  The SCU may serve one or many 
types of HVAC equipment and is not factory programmed for only one purpose. 

G. NCU: Network Control Unit, a secure central processing unit microprocessor based WEB server 
residing directly on the Owner’s Ethernet TCP/IP LAN/WAN; providing direct communications 
to SCUs, UCs, and other field devices; integrating and processing their data and presenting it as 
custom HTML WEB pages in accordance with custom programmed graphical interface edited at 
an OWS. 

H. LAN: Local Area Network - the Owner’s existing Ethernet communications backbone which 
connects all of the owners buildings (and various rooms) on their campus. To be used by the 
Contractor where possible to connect OWSs, NCUs, SCUs, and UCs. Coordinate with Owner to 
determine extent of interconnection possible. 

I. BACnet: A Data Communication Protocol for Building Automation and Control networks as 
defined in American National Standard ANSI/ASHRAE 135-1995, including any updates or 
revisions to this document. 

J. LonWorks:  A control network technology platform for designing and implementing 
interoperable control devices and networks. 

K. MS/TP:  Master slave/token passing. 

L. I/O:  Input/output. 

M. Modbus: a serial communications protocol originally published by Modicon (now Schneider 
Electric) in 1979 for use with its programmable logic controllers (PLCs). 

N. PID:  Proportional plus integral plus derivative. 

O. RTD:  Resistance temperature detector. 

P. System Modem: a modem which is installed on the EMCS so that a remote SCU, UC, or OWS 
can connect up to the LAN and can function the same as if it were locally-installed. 

Q. System Printer: a printing device which is installed on the LAN so that all EMCS components 
can utilize it as an output device. 

R. TCC: Temperature Controls Contractor - The entity responsible for the work described by this 
section of specifications. 

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. 
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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. 
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 reading. 
k. Airflow (Measuring Stations):  Plus or minus 5 percent of reading. 
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 0.05-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 QUALITY ASSURANCE 

A. Provide all labor, material, equipment, software, and programming necessary to meet the 
functional intent of the EMCS, and the rigid requirements as specified herein and as shown on 
the drawings. Provide, without additional cost to the Owner, all equipment and labor not 
specifically referred to herein or on the plans, which are required to meet the functional intent 
expressed in the sequences of operations herein or on the drawings. The contractor is responsible 
for all costs of changes in the work required by substitute equipment.  
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B. The TCC must have been in business for at least ten years, providing DDC systems as their 
primary business with documented success. They shall have a minimum of five years as a 
manufacturer's authorized distributor or branch office representative for one or more of the 
manufacturers specified. They must have a trained staff of application engineers, project 
managers, software engineers, commissioning staff, training staff, and service staff experienced 
in the configuration, programming and service of the EMCS.  They must have a local service 
department and stock the manufacturer's standard replacement parts. 

C. The EMCS shall be installed only by skilled mechanics employed directly by the TCC except 
wiring may be installed by their first tier subcontractor under the TCC project manager’s direct 
supervision.  Any subcontractor shall have documented success installing controls with the TCC 
for a minimum of five years prior to this project.  Sub-contractual relations shall in no way relieve 
the contractor of any of their obligations under their contract. 

D. The TCC shall have a training facility with regularly scheduled training as outlined below so as 
to provide ongoing regularly scheduled application training. 

E. Manufacturer must be a firm regularly engaged in manufacture of microprocessor temperature 
control equipment, of configuration and capabilities similar to or better than specified equipment, 
for at least ten years, and must have similar earlier vintage models that have been in continuous 
satisfactory use for not less than ten years in similar service. 

F. All work shall conform to the following Codes and Standards, as applicable to the Contracted 
Work at the Project job site and to the relevant Authorities Having Jurisdiction at the Project site.  
All products shall be labeled with the appropriate approval markings. In the case of conflict or 
discrepancy, the latest and most stringent regulation or code shall apply. 

1. National Electrical Code (NEC) and applicable local Electrical Codes. 
2. Underwriters Laboratories (UL) listing and labels. 
3. Underwriters Laboratories of Canada (ULC) listing and labels. 
4. UL 864 UUKL Smoke Control. 
5. UL 864 UOJZ Fire Protection Signaling Systems. 
6. UL-873; Temperature Indication and Regulating Equipment. 
7. UL-916; Energy Management Systems for BAS components and ancillary equipment. 
8. NFPA 70 – National Electrical Code. 
9. NFPA 92A and 92B Smoke Purge/Control Equipment. 
10. Factory Mutual (FM). 
11. American National Standards Institute (ANSI). 
12. National Electric Manufacturer’s Association (NEMA). 
13. American Society of Mechanical Engineers (ASME). 
14. Institute of Electrical and Electronic Engineers (IEEE). 
15. American Standard Code for Information Interchange (ASCII). 
16. Electronics Industries Association (EIA). 
17. Occupational Safety and Health Administration (OSHA). 
18. American Society for Testing and Materials (ASTM). 
19. Federal Communications Commission (FCC) including Part 15, R.F. Devices. 
20. Americans Disability Act (ADA). 
21. Uniform Building Code (UBC). 
22. NEMA 250 – Enclosures For Electrical Equipment (1,000 V Maximum). 
23. NFPA 101 – Life Safety Code. 
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24. IESNA – Illumination Engineering Society of North America. 
25. UL 50 – Cabinets and Boxes. 

1.6 GUARANTEES 

A. Guarantee the EMCS complete to be free from defects in durability, materials, and workmanship, 
except for damages from other causes, for a period of one year after final acceptance. 

B. Guarantee System to: 

1. Maintain temperatures within +/- 1oFof setting, within capacity of HVAC equipment. 

C. Provide a one (1) year maintenance agreement to run concurrently with the Guarantee period, 
consisting of 24 hour emergency service and scheduled service (once per month minimum), as 
required addressing reported issues, for inspection and adjustment of operating controls, and 
replacement of parts or instruments found deficient or defective during this period. 

D. Provide system backup and restore, software, programming, and sequence of operations 
enhancements, revisions, and adjustments at no charge to the Owner both during construction and 
commissioning and during this warrantee period. 

1.7 SEQUENCE OF OPERATION 

A. Refer to controls schematic drawings including written sequence of operations for specific pieces 
of equipment.  Provide controls as specified and as required to achieve sequence of operations 
shown on drawings as well as specified below in general programming, and with controls similar 
to as shown where the exact configuration is not explicitly covered by the drawing and 
specification sequence of operations. 

1.8 SUBMITTALS 

A. Submit on controls complete.  Include in each submittal a summary just inside the cover sheet of 
previously approved portions of submittal, currently submitted portions, and those portions not 
submitted yet.  During closeout documentation, assemble all approved controls submittals into 
one package designed for use as both an installation and a maintenance manual. 

B. Submit a Technical Proposal within 30 days of contract award, complete with the diagrams, 
Specification Compliance Reports, product information, and supporting documentation outlined 
below. Arrange the Technical Proposal in order of the specification article numbers, with tabs 
(bookmarked .pdf files for electronic submittals) at each division.  The Technical Proposal shall 
be designed for use as both a clear demonstration of qualifications and as an installation and 
maintenance manual. Technical Proposal shall be signed by the Owner, or Owners representative 
and the Engineer. 

C. Include the following in a complete Technical Proposal: 

1. Description of service capabilities including resumes for service technicians and designers 
that will be responsible for this project. 
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2. A list of local jobs (three minimum) of similar type and size the bidder has installed, 
utilizing the products proposed for this project, with Owner’s representatives and engineer 
of record’s names and telephone numbers for reference.  This list should directly reflect: 

a. Projects that include direct integration to third party microprocessor controllers of 
the type specified within this scope. 

3. Submit name of any proposed installation subcontractors, along with their statement of 
qualifications, resumes for service technicians who will be responsible for this project, and 
3 local references for comparable recent jobs. 

4. EMCS network wiring diagram showing interconnection of all panels, workstations, 
system printer(s) etc. A diagram describing system architecture for this project with 
product code numbers for workstation, network controllers, application specific 
controllers, transducers, sensors, communication networks, etc..  Diagram shall include all 
components intended to be used to meet or exceed specification requirements, shown in 
their functional relation to one another.  

5. Provide information on owner training provided as part of the bid package as well as 
additional opportunities and factory schools available with associated costs.  Include details 
of Operator HVAC Training System as specified herein. 

6. Specification Compliance Report. The specification compliance report shall address every 
paragraph within this specification, utilizing an outline format indicating clearly how the 
proposed system complies with this specification as follows:  

a. No Exception - proposed system complies without exception to both the letter and 
intent of this specification. Include Data Communications Protocol Certificates 
certifying that each proposed DDC system component complies with ASHRAE 135.  

b. Substitution Exception - proposed system is believed to meet the functional intent, 
but not the letter of the specification. For each paragraph for which a Substitution 
Exception is taken, the Specification Compliance Report shall identify all deviations 
from what is specified in the given paragraph and provide a complete description of 
what is included and how the proposed substitution meets the functional intent. 

c. Non-Compliance Exception - proposed system does not meet specification letter or 
functional intent, and the contractors intent is that the paragraphs requirements will 
not be provided.  For each paragraph for which a Non-Compliance Exception is 
taken, the Specification Compliance Report shall identify all deviations from what 
is specified in the given paragraph and provide a complete description of what is 
included and why the contractor believes their proposed system should still be 
considered in spite of the non-compliance 

d. For all paragraphs indicated as “No Exception” or “Substitution Exception”, provide 
and reference factory product documentation to substantiate compliance. 

7. Hardware Product Data Bulletins for all specified products, including PC components of 
OWS. Each bulletin shall describe product features, model numbers and manufacturer’s 
name.  
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8. Software Product Data Bulletins for all specified software features. Each bulletin shall 
describe product features, model numbers, and manufacturer’s name. 

D. As job progresses and in ample time for review and iteration as required for complete approval, 
submit the following: 

1. Complete written description of all proposed control sequences and control strategy, with 
any deviations from the specified sequence of operations highlighted and explained. 

2. Detailed wiring and piping control diagrams and system description for each system. 

3. Detailed layout and nameplate list for all control panels, including pneumatic, unit-specific 
controllers, data-gathering panels, microprocessor-based panels, third party 
microprocessor controllers, etc.  

4. Damper schedule giving size, type, velocity, pressure drop, configuration, location, and 
number, type, and size of motorized actuators.  Include apparatus bulletins and data sheets.  
Include all existing to remain dampers proposed for reuse along with comments on 
condition.  

5. Schedule showing direct integration to all third party microprocessor controllers included 
in this project, including all points available in a point listing describing point type (analog 
input, binary input, analog output and binary output), point address, units, applicable 
software interlocks (alarm, interlock, sequence, etc.), and a verbal description of the 
function and intended control of the point. 

6. Termination schedule and point listing describing point type, (analog input, binary input, 
analog output and binary output), physical point location (eg. AHU #1 mixed air) and 
software interlocks (alarm, interlock, sequence, etc.). 

7. A complete listing of inputs and outputs, control loops and/or routines, timing functions, 
and facilities management system functions for each controlled system.  This listing shall 
include point logical names and identifiers. 

8. For all equipment, submit copy of written installation, maintenance, and operating 
directions and details, along with manufacturer’s printed installation instructions for all 
equipment furnished, showing required installation and location of the above items. 

9. Provide a sample of program language and description of how programming is 
accomplished. 

10. Color printout sheets of representative samples of all proposed graphics and text based 
OWS pages. 

E. 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. 
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5. Software license required by and installed for DDC workstations and control systems. 

F. Software Upgrade Kit:  For Owner to use in modifying software to suit future systems revisions 
or monitoring and control revisions. 

G. Field quality-control test reports. 

H. 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. 

1.9 RELATED AND ANCILLARY WORK  

A. Electrical control wiring associated with building fire alarm system and duct smoke detectors:  
Installation is specified under Division 26. 

B. Power source wiring for general (non-controls) HVAC motorized equipment:  Installation 
specified under Division 26. 

C. Provide power source and controls wiring for all EMCS equipment, complete back to breakers 
designated as temperature control power breakers on electrical drawings or other approved 
electrical power panel space.  Includes all controls power source wiring, communication wiring, 
and actuated device power and control wiring. Installation specified both herein and in applicable 
sections of Division 26. 

D. Piping work as required to maintain pressure tight integrity of all hydronic, potable water, and 
refrigerant based systems for the installation of all piping mounted controls components, 
including control valve installation, valve and control manifolds, pressure and temperature taps, 
flow switches, thermal wells, and similar devices:  Installation specified both herein and under 
applicable piping section. 

E. Sheet metal work as required to maintain pressure tight integrity of all airside systems for the 
installation of all airside mounted controls components, including dampers, pressure and 
temperature probe taps, flow sensors, and similar devices: Installation specified both herein and 
under applicable sheet metal and ductwork sections.  

F. Insulation work as required to maintain the thermal integrity of the various systems associated 
with and subsequent to controls component installations: Installation specified in Division 23 
section on Insulation.  
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G. For all equipment: Provide and follow written installation directions and details, with 
manufacturer’s printed installation instructions for all equipment furnished, showing required 
installation and location of the above items. 

1.10 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 submittal, approval, fabrication, and shipping of 
control devices to equipment manufacturer in ample time for factory installation without 
impacting project schedule. 

B. System Software:  Update to latest version of software at Project completion. 

1.11 INSTRUCTION AND TRAINING 

A. Factory Authorized Control System Training: 

1. Provide factory trained and authorized instructors and control technicians to instruct the 
Owner's operating personnel. 

2. Factory authorized on site training - Provide two (2) on site training sessions each four (4) 
hours in duration covering network layout, controllers, and software functions.  Both 
generic and product specific training shall be provided.  Sessions shall be scheduled by the 
Contractor at the Owner’s convenience, at any time up to two years after system 
installation. 

B. Include in closeout documentation signed letter of acknowledgment of receipt of factory 
authorized training, videotapes, and maintenance manuals. 

1.12 COORDINATION 

A. Coordinate all controls work required for a complete operable controls system as specified.  
Carefully review project summary and scoping documentation and coordinate with contractors 
responsible for various ancillary portions of controls work.  Where supportive or ancillary work 
is not specifically assigned to another contractor, provide complete as required for a complete 
operable system.   

B. Coordinate equipment with Division 28 Sections on Fire Detection and Alarm Systems to achieve 
compatibility with equipment that interfaces with that system. 

C. Coordinate supply of conditioned electrical branch circuits for control units and operator 
workstation. 

D. Coordinate equipment with Division 26 Sections on Electrical Power Monitoring and Control to 
achieve compatibility of communication interfaces. 

E. Coordinate equipment with Division 26 Sections on Panelboards to achieve compatibility with 
starter coils and annunciation devices. 
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F. Coordinate equipment with Division 26 Sections on Motor Controls to achieve compatibility with 
motor starters and annunciation devices. 

G. Coordinate size and location of concrete bases.  Refer to Section 23 05 00 – COMMON WORK 
RESULTS FOR HVAC SYSTEMS for additional information. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Temperature Control Sub-Contractors (TCCs):  Existing Energy Management and Control 
System (EMCS) and Basis of Design Energy Management and Control System (EMCS) is  
Honeywell Controls.  Subject to compliance with requirements, available TCCs offering products 
and services that may be incorporated into the Work include, but are not limited to, the following: 

1. Automated Logic Controls as installed by Logical Control Solutions. 
2. Delta Controls as installed by EMCOR Services Tri-Tech. 
3. Honeywell Controls Incorporated as installed by Honeywell. 
4. Schneider Electric Controls as installed by Day Automation. 
5. Siemens Controls as installed by Siemens Building Technologies, Landis Division. 
6. TAC / Tridium / Niagara Controls as installed by TBS, Inc. 

B. In other Part 2 articles where specific components are described, the basis of design and named 
equivalent TCCs integrate multiple manufacturers’ components into a coherent system.  Subject 
to compliance with requirements, manufacturers offering products that may be incorporated into 
the Work include, but are not limited to, manufacturers specified: 

1. Armstrong 
2. Automated Logic Corporation. 
3. Functional Devices Inc. 
4. Honeywell International Inc.; Home & Building Control. 
5. Invensys Building Systems. 
6. Johnson Controls, Inc.; Controls Group. 
7. KMC Controls/Kreuter Manufacturing Company. 
8. McQuay International. 
9. Siemens Building Technologies, Inc. 
10. Schneider Electric  
11. Solidyne Corp. 
12. Staefa Control System Inc.; Siemens Building Technologies, Inc. 
13. TAC Americas, INC. 
14. TCS/Basys Controls. 
15. Tekmar Control Systems, Inc. 
16. Teletrol Systems Incorporated. 
17. Tour & Andersson Control, Inc. 
18. Trane; Worldwide Applied Systems Group 
19. Triangle MicroSystems, Inc. 
20. Victaulic, Inc. 
21. Voltec, Inc. 
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2.2 GENERAL SYSTEM ARCHITECTURE 

A. The EMCS  shall consist of the following: 

1. Existing Operators’ Workstations (OWS). 

2. File Server (FS). 

3. Network Control Units (NCU). 

4. Standalone Control Units (SCU). 

5. Application Specific Unitary Controllers (UC). 

6. All controls power wiring 120 volts or less, all network and communication wiring, fiber 
optic cable, and other controls communication media. 

7. All EMCS communications devices. 

8. All related field devices including remote I/O cabinets, transformers and power supplies, 
relays, contactors, transducers, switches, cabling, and related electronic control equipment. 

9. All necessary software and custom programming, including graphics and reports. 

10. All necessary inputs, outputs, and devices required to meet the features and intent described 
herein including but not limited to: 

a. Transducers. 
b. Water flow switches and sensors. 
c. Differential Pressure sensors. 
d. Hydronic control valves. 
e. Opposed blade (control) or parallel blade (shutoff), low leakage dampers. 
f. Temperature, pressure, and humidity sensors and safety devices. 
g. Electronic valve and damper actuators. 

11. All other equipment necessary for a complete, operational, EMCS. 

B. The design of the EMCS shall network OWSs, FCs, NCUs, SCUs, UCs, and all sensors, safeties, 
actuators, and other devices.  Inherent in the system's design shall be the ability to expand or 
modify the network via the Internet, the Level 1 LAN, the Level 2 bus, or via auto e-mail or auto-
dial telephone line modem connections, or via a combination of all four networking schemes.  
LAN communications between buildings shall be standard ETHERNET TCP/IP and shall be 
compatible with the district’s existing ETHERNET LAN. 

C. The EMCS shall: 

1. Be modular in nature, with distributed controllers operating in multi-user, multi-tasking 
environment on token-passing network. 

2. Be re-programmable and programmed to control mechanical, electrical, and plumbing 
systems. 
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3. Be capable of integrating multiple building functions, equipment supervision and control, 
alarm management, energy management, historical data collection, and archiving. 

4. Permit expansion of both capacity and functionally through the addition of components 
and programming.   

5. Include an operator workstation which 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. 

6. Not be dependent upon any single device for alarm reporting and control execution.  Each 
DDC panel shall operate independently by performing its own specified control, alarm 
management, operator I/O, and historical data collection.  The failure of any single 
component or network connection shall not interrupt the execution of control strategies at 
other operational devices. 

D. The system architecture shall consist of no more than two communication levels as follows:    

1. Level 1 shall be on the Owner’s ETHERNET LAN as possible within the constraints of 
this specification.  Contractor shall field verify extent and capacity of existing LAN with 
Owner prior to creation of network layout drawings, and shall include any and all 
extensions of the LAN required for complete and robust functioning of the EMCS: 

a. Level 1 communications shall use the BACnet protocol. 

b. This LAN operates under ETHERNET protocol at 10 Mbps or other speed as 
determined by the Owner. The Level 1 LAN will provide transfer of point data, 
alarms and file activity among OWSs, NCUs, and SCUs. 

c. Any data from a Level 2 controller can also be transmitted onto this bus through a 
Level 1 controller.  The high speed LAN shall support multi-user communications 
and multi-session activity.  That is, all global data sharing shall occur simultaneously 
with the transmission of alarm data or user activity. 

d. OWSs and NCUs shall reside directly on the LAN such that communications may 
be executed directly between controllers, directly between workstations, and 
between controllers and workstations, on a peer-to-peer basis. 

e. SCUs and UCs may reside directly on the Level 1 Lan at the TCCs option. 

2. Level 2 shall be on a EIA-485 bus or other comparable technology, designed to support a 
family of dedicated local controllers for control of HVAC equipment and lighting.  The 
Level 2 bus shall communicate bi-directionally with the Level 1 LAN through NCU 
controllers for transmission of global data: 

a. The Level 2 bus, or field bus, shall support local control units (SCUs and UCs) of 
modular size for operation of the building's HVAC and lighting systems.  This bus 
shall operate at a minimum speed of 200 kbps with a length of 4000 feet and 10Mbps 
with a length of 150 feet, with 32 nodes before requiring a network repeater.  A 
minimum of 127 controllers shall be configurable on the field bus. 
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b. The field bus shall permit peer-to-peer communications among all Level 2 
controllers and allow simultaneous communications with portable computer service 
tools that are connected to a Level 2 controller.  Failure of any Level 1 NCU 
controller shall not impair the operation of its associated field bus. 

c. All Level 2 field wiring that connects non native BACnet unitary controllers shall 
have an additional wiring set run in parallel dedicated for future use by native 
BACnet replacement controllers. 

E. NCUs shall be able to access any data from, or send control commands and alarm reports directly 
to any other NCU or combination of NCUs on the network without dependence upon a central 
processing device. NCUs shall also be able to send alarm reports to multiple operator workstations 
without dependence upon a central processing device. 

F. Dynamic Data Access: 

1. All operator devices, network resident, internet connected, or connected via dial-up 
modems, shall have the ability to access all point status and application report data, or 
execute control functions for any and all other devices via the LAN.  Access to data shall 
be based upon logical identification of building equipment. 

2. Access to system data shall not be restricted by the hardware configuration of the EMCS.  
The hardware configuration of the EMCS network shall be totally transparent to the user 
when accessing data or developing control programs. 

3. All points contained on Level 1 and Level 2 controllers shall be considered global points.  
Any program in any controller on the network shall be able to reference any point in any 
controller regardless of its location on the network. 

G. General Network Design: 

1. Network design shall include the following provisions: 

a. Data transfer rate for alarm reporting, report generation from multiple controllers, 
and upload/download between SCUs and OWSs shall be a minimum of 2.5 
Megabaud. 

b. Support of any combination of controllers and operator workstations directly 
connected to the local area network.  A minimum of 50 devices shall be supported 
on a single local area network. 

c. Detection and accommodation of single or multiple failures of either OWSs, SCUs, 
or the network media.  The network shall include provisions for automatically 
reconfiguring itself to allow all operational equipment to perform their designated 
functions as effectively as possible in the event of single or multiple failures. 

d. Message and alarm buffering to prevent information from being lost. 

e. Error detection, correction, and re-transmission to guarantee data integrity. 
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f. Default device definition to prevent loss of alarms or data, and ensure alarms are 
reported as quickly as possible in the event an operator device does not respond. 

g. Commonly available, multiple sourced, networking components and Ethernet 
protocols shall be used to allow the EMCS to coexist with other networking 
applications on the Owner’s existing LAN/WAN. Ethernet and BACnet are 
acceptable technologies.  BACnet system shall conform to the latest ASHRAE 
Standards and recommendations. 

h. Use of an industry standard IEEE 802.x protocol.  

i. Provide synchronization of the real-time clocks in all EMCS panels. 

2.3 NETWORK CONTROL UNITS (NCUs) 

A. General: Network Control Units shall be microprocessor based, multi-tasking, multi-user, and 
employ a real time operating system. Each NCU control panel shall consist of modular hardware 
including power supply, CPU board, and input/output modules. A sufficient number of NCUs 
shall be supplied to fully meet the requirements of this specification and the controls requirements 
shown on the drawings. 

1. Basis of design NCUs: Schneider Electric Continuum bCX1-CR-xxx with InfbCX1 
controller. 

B. Webserver Functionality: All NCUs shall reside directly on the Owner’s Ethernet TCP/IP 
LAN/WAN and shall be capable, out-of-the box, to be set up as a Web Server. The NCU shall 
have the ability to store HTML code and “serve” pages to a web browser. Provides the ability for 
any computing device utilizing a TCP/IP Ethernet connection and capable of running a standard 
Internet browser (Microsoft Internet Explorer, Netscape Navigator, etc.) to access real-time 
data from the entire BAS via any NCU. 

1. Graphics and text-based web pages shall be constructed using standard HTML code. The 
interface shall allow the user to choose any of the standard text or graphics-based HTML 
editors for page creation. It shall also allow the operator to generate custom graphical pages 
and forms. 

2. The WEB server interface shall be capable of password security, including validation of 
the requesting PC’s IP address. The WEB server interface shall allow the sharing of data 
or information between any controller, process, or network interface (BACnet, LonTalk 
and TCP/IP) that the BMS has knowledge of, regardless of where the point is connected 
on the BAS network or where it is acquired from. 

3. The BAS network controller must act directly as the WEB server. It must directly generate 
HTML code to the requesting user (i.e. WEB browser), eliminating the need for and 
reliance on any PC-based WEB server hardware or software. To simplify graphic image 
space allocation, HTML graphic images, if desired, shall be stored in any shared network 
device. The BAS Web server shall have the ability to acquire any necessary graphics using 
standard pathing syntax within the HTML code mounted within the BAS WEB server. 
External WEB server hardware and software are not acceptable. 
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C. Hardware Specifications 

1. Memory: A minimum of 4MB of RAM shall be provided for NCUs with expansion up to 
8MB. The 8MB versions shall include a floating-point math co-processor.  

2. Communication Ports: Each NCU shall provide communication to both the Workstation(s) 
and the field buses. In addition, each NCU shall have at least three other communications 
ports that support a telephone modem, portable service tool, serial printer and connection 
to third party controllers such as a chiller control panel. On a LAN/WAN system, the NCU 
shall be provided with a 10Mbps plug-in Ethernet TCP/IP network interface card (NIC).  

3. Input/Output (I/O): Each NCU shall support the addition of the following types of inputs 
and outputs: 

a. Digital Inputs for status/alarm contacts 
b. Counter Inputs for summing pulses from meters. 
c. Thermistor inputs for measuring temperatures in space, ducts and thermowells. 
d. Analog inputs for pressure, humidity, flow and position measurements. 
e. Digital Outputs for on/off equipment control. 
f. Analog Outputs for valve and damper position control, and capacity control of 

primary equipment. 

4. Modular Expandability: The system shall employ a modular I/O design to allow easy 
expansion. Input and output capacity is to be provided through plug-in modules of various 
types or DIN-mountable IOU modules. It shall be possible to combine I/O modules as 
desired to meet the I/O requirements for individual control applications. 

5. Real Time Clock (RTC): Each NCU shall include a battery-backed, real time clock, 
accurate to 10 seconds per day. The RTC shall provide the following: time of day, day, 
month, year, and day of week.  In normal operation, the system clock shall be based on the 
frequency of the AC power. The system shall automatically correct for daylight savings 
time and leap years and be Year 2000 compliant. 

6. Power Supply: The power supply for the NCUs shall be auto sensing, 120-220VAC, 60/50 
Hz power, with a tolerance of +/- 20%. Line voltage below the operating range of the 
system shall be considered outages. The controller shall contain over voltage surge 
protection, and require no additional AC power signal conditioning. Optionally, if 
indicated on the drawings, the power supply shall accept an input voltage of (–48 VDC).  

7. Automatic Restart After Power Failure: Upon restoration of power after an outage, the 
NCU shall automatically and without human intervention: update all monitored functions; 
resume operation based on current, synchronized time and status, and implement special 
start-up strategies as required.  
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8. Battery backup: Each NCU with the standard 120-220VAC power supply shall include a 
programmable DC power backup system rated for a minimum of 72 hours of battery 
backup to maintain all volatile memory or, a minimum of 2 hours of full UPS including 
modem power. This power backup system shall be configurable such that at the end of a 
settable timeframe (such as 1 hour) of running on full UPS, the unit shall shut off full UPS 
and switch to memory retention-only mode for the remainder of the battery power. The 
system shall allow the simple addition of more batteries to extend the above minimum 
battery backup times.    

D. Software Specifications 

1. General: The NCU shall contain flash ROM as the resident operating system. Application 
software shall be RAM resident. Application software shall only be limited by the amount 
of RAM memory. There shall be no restrictions placed on the type of application programs 
in the system. Each NCU shall be capable of parallel processing, executing all control 
programs simultaneously. Any program may affect the operation of any other program. 
Each program shall have the full access of all I/O facilities of the processor. This execution 
of control function shall not be interrupted due to normal user communications including 
interrogation, program entry, printout of the program for storage, etc.  

2. User Programming Language: The application software shall be user programmable. This 
includes all strategies, sequences of operation, control algorithms, parameters, and 
setpoints. The source program shall be English language-based and programmable by the 
user.  The language shall be structured to allow for the easy configuration of control 
programs, schedules, alarms, reports, telecommunications, local displays, mathematical 
calculations, passwords, and histories. The language shall be self-documenting. Users shall 
be able to place comments anywhere in the body of a program. Program listings shall be 
configurable by the user in logical groupings. 

E. Control Software:  

1. The NCU shall have the ability to perform the following pre-tested control algorithms: 

a. Proportional, Integral plus Derivative Control (PID) 
b. Two Position Control 
c. Digital Filter 
d. Ratio Calculator 
e. Equipment Cycling Protection  

2. Mathematical Functions: Each controller shall be capable of performing basic 
mathematical functions (+, -, *, /), squares, square roots, exponential, logarithms, Boolean 
logic statements, or combinations of both. The controllers shall be capable of performing 
complex logical statements including operators such as >, <, =, and, or, exclusive or, etc. 
These shall be able to be used in the same equations with the mathematical operators and 
nested up to five parentheses deep. 

3. Energy Management Applications: NCUs shall have the ability to perform any or all of the 
following energy management routines: 

a. Time of Day Scheduling 
b. Calendar Based Scheduling 
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c. Holiday Scheduling 
d. Temporary Schedule Overrides 
e. Optimal Start 
f. Optimal Stop 
g. Night Setback Control 
h. Enthalpy Switchover (Economizer) 
i. Peak Demand Limiting 
j. Temperature Compensated Duty Cycling 
k. CFM Tracking 
l. Heating/Cooling Interlock 
m. Hot/Cold Deck Reset 
n. Free Cooling 
o. Hot Water Reset 
p. Chilled Water Reset 
q. Condenser Water Reset 
r. Chiller Sequencing  

4. History Logging: Each controller shall be capable of logging any system variable over user 
defined time intervals ranging from 1 second to 1440 minutes. Any system variables 
(inputs, outputs, math calculations, flags, etc.) can be logged in history.  A maximum of 
32,767 values can be stored in each log. Each log can record either the instantaneous, 
average, minimum or maximum value of the point. Logs can be automatic or manual.  
Logged data shall be downloadable to the Operator Workstation for long term archiving 
based upon user-defined time intervals, or manual command. 

5. Alarm Management: For each system point, alarms can be created based on high/low limits 
or conditional expressions. All alarms shall be tested each scan of the NCU and can result 
in the display of one or more alarm messages or reports.  

6. Up to 8 alarms can be configured for each point in the controller.  

a. Messages and reports can be sent to a local terminal, to the front-end workstation(s), 
or via modem to a remote-computing device. 

b. Alarms shall be generated based on their priority. A minimum of 255 priority levels 
shall be provided. 

c. If communication with the Operator Workstation is temporarily interrupted, the 
alarm shall be buffered in the NCU. When communications return, the alarm shall 
be transmitted to the Operator Workstation if the point is still in the alarm condition. 

7. Reporting: The NCU shall be able to generate user-definable reports to a locally connected 
printer or terminal. The reports shall contain any combination of text and system variables. 
Report templates shall be able to be created by users in a word processing environment. 
Reports can be displayed based on any logical condition or through a user command. 
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2.4 STANDALONE CONTROL UNIT (SCU)  PANEL 

A. SCUs shall be microprocessor based, multi-tasking, multi-user, real-time digital control 
processors designed to integrate multiple Unitary Controllers, provide central processing capacity 
and integration of distributed processing, and interface directly with the system OWS and LAN.   

B. Each SCU panel shall consist of modular hardware with plug-in enclosed processors, 
communication controllers, power supplies, and input/output modules.  A sufficient number of 
controllers shall be supplied to fully meet the requirements of this specification.  

C. The basic elements of the direct digital control system structure shall consist of standard 
components kept in inventory by the equipment supplier.  The components shall not require 
customizing other than setting jumpers and switches, adding firmware modules or software 
programming to perform required functions. 

D. The system shall be capable of being expanded to its full capacity by adding sensors and entering 
programs in available random access memory (RAM).  Future expansion shall not require 
hardware modifications to the controller. 

E. SCU shall be listed in accordance with UL 864 as required to provide direct control of all smoke 
dampers. 

F. Memory: Provide with sufficient memory to meet system performance requirements and support 
its own operating system, database system, and database including: 

1. Control processes 
2. Energy management applications 
3. Alarm management 
4. Historical/trend data for all points 
5. Maintenance support applications 
6. Custom processors 
7. Operator I/O 
8. Dial-up communications 
9. Manual override monitoring 

G. Point Types: Support the following types of point inputs and outputs: 

1. Digital inputs for status/alarm contacts 
2. Digital output for on/off requirement control 
3. Analog inputs for temperature, pressure, humidity, flow and position measurements. 
4. Analog outputs for valve and damper position control, and capacity control of primary 

equipment. 
5. Pulse inputs of pulsed contact monitoring. 

H. Expandability: 

1. The system shall be modular in nature, and shall permit easy expansion through the 
addition of software applications, workstation hardware, field controllers, sensors, and 
actuators. 
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2. The system architecture shall support expansion capacity of all type of SCU panels, and all 
point types included in the initial installation. 

I. Serial Communication Ports: Provide at least two RS-232C serial data communication ports for 
simultaneous operation of multiple operator I/O devices such a industry standard printers, laptop 
workstations, PC workstations, and panel mounted or portable Operator's Terminals.  SCU panels 
shall allow temporary use of portable devices without interrupting the normal operation of 
permanently connected modems, printers, or network terminals. 

J. Hardware Override Switches: 

1. Provide the ability to manually override automatically executed commands at the SCUs 
via local, point discrete, onboard hand/off/auto operator override control via local keypad 
function for binary control points and with modulating control for analog control type 
points. 

K. Hardware Override Monitoring: 

1. SCU panel shall monitor the status or position of all override, and include this information 
in logs and summaries to inform the operator that automatic control has been inhibited.  
EMCS panel shall also collect override activity information for daily and monthly reports. 

L. Local Status Indicator Lamps: 

1. The SCU panel shall provide local status indication for each binary input and output for 
content, up-to-date verification of all point conditions without the need for an operator I/O 
device. 

M. Integrated On-Line Diagnostics: 

1. Each SCU panel shall continuously perform self-diagnostics, communication diagnosis, 
and diagnosis of all subsidiary equipment.  The SCU panel shall provide both local and 
remote annunciation of any detected component failures, or repeated failure to establish 
communication. Indication of the diagnostic results shall be provided at each SCU panel, 
and shall not require the connection of an operator I/O device. 

N. Sure and Transient Protection: 

1. Isolation shall be provided at all network terminations, as well as all field point 
terminations to suppress induces voltage transient consistent with IEEE Standard 587-
1980.  Isolation levels shall be sufficiently high as to allow all single wiring to be run in 
the same conduit as high voltage wiring where acceptable by electrical code. 

O. Power failure: 

1. In the event of the loss of normal power, there shall be an orderly shutdown of all SCU 
panels to prevent the loss of database or operating system software.  Non-volatile memory 
shall be incorporated for all critical controller configuration data, and battery back-up shall 
be provided to support the real-time clock and all volatile memory for a minimum of 72 
hours. 
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2. Upon restoration of normal power, the SCU panel shall automatically resume full operation 
without manual intervention. 

P. No digital control panel shall be loaded to more than 80% of its total available point capacity of 
the digital/analog/input/output sections. 

Q. The SCU shall perform its assigned control and energy management functions as a stand-alone 
unit.  Stand-alone control shall include, but not be limited to: 

1. Supply and/or water reset. 
2. Adaptive optimal start. 
3. Time of day start/stop. 
4. Zero energy band. 
5. Night purge/warm-up. 
6. Duty cycle. 
7. Control valve, damper, motor and alarm capabilities. 

R. EMCS Shall Operate Within The Following Limits: 

1. Temperature 32oF to 120oF. 
2. Humidity 0 to 95% RH. 
3. Voltage +/- 10%. 

S. Control algorithms shall be available and resident in the EMCS to permit proportional, integral, 
derivative, incremental, floating and two position control modes in combination to meet the need 
of the application and to adapt to job conditions. 

T. Control shall be performed in a digital manner using the digital signal from the microprocessor 
based controller converted through electronic circuitry for modulation of electric or pneumatic 
actuators.  This may take the form of a pulse width modulated signal or a true analog signal 
generated through a D/A convertor.  Electro-pneumatic transducers used for pneumatic outputs 
shall be cabinet mounted either within the controller or in separate cabinet located immediately 
next to the digital control panel. 

U. Adjustments of control variables shall be available at the controller with the modem through a 
non-intelligent terminal.  Hand held or mounted in cabinet face.  If hand held devices are provided 
two shall be furnished.  These adjustments shall include, but not be limited to, setpoints, 
proportional gain, integral rates, the velocity and acceleration constants associated with 
incremental control and on/off values of two-position control. 

V. The controller shall contain necessary mathematic, logic, utility functions, all standard energy 
calculations and control functions in ROM.  These should be available in combination for 
programming the unit.  These routines shall include, but not be limited to: 

1. Math routines: 

a. Basic arithmetic. 
b. Binary logic. 
c. Relational logic. 
d. Fixed formulas for psychrometry. 
e. Calculations. 
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2. Utility routines for: 

a. Process entry and exit. 
b. Keyboard functions. 
c. Variable adjustments and output. 
d. Alarm indication. 
e. Restart. 

3. Control routines for: 

a. Signal compensation. 
b. Loop control. 
c. Energy conservation. 
d. Timed programming. 

W. Final field programs shall be stored in battery backed up RAM.  The EMCS (SCUs, UCs, etc.) 
shall be supplied with a minimum of eight hours of battery backup for the RAM with an automatic 
battery charger. 

X. The EMCS shall be expandable by adding additional SCUs, UCs, etc., that operate through the 
processor of the EMCS. 

Y. Provide digital sensors, differential air and/or water flow switches, space temperature sensors 
(30oF to 90oF), outside and air temperature sensors (-30oF to 120oF), hot water temperature sensor 
(0oF to 300oF), chilled water sensors (30oF to 90oF), humidity sensors, static pressure sensors, and 
other sensors and switches required to perform functions as specified. 

Z. Provide transducers, EP switches, devices, required by the EMCS to position the control elements. 

AA. Provide electric and pneumatic interface devices. 

BB. The EMCS software shall contain a self-test procedure for checking the annunciator lights on the 
digital display, and the computer. 

CC. Variable shall be identified as being reliable or unreliable.  When a calculation is required to use 
a value (sensed or calculated), which is identified as being unreliable, the unreliable data value 
will flash.  The calculation will use a default value programmed into the unit. 

DD. Alarms (e.g. a pump that did not start) and deviation alarms (e.g. temperature out of limits) will 
be annunciated. 

EE. The SCUs, UCs, shall be enclosed in a metal cabinet.  The cabinet shall be constructed such that 
it can be mounted and electrical terminations made during the construction phase of the project. 

FF. The EMCS cabinet shall be a hinged metal type with a baked enamel finish and provided with a 
key lock.  Cabinets on each installation shall utilize one master key.  Control wiring and system 
communications shall be electrically terminated inside the EMCS on a suitable termination board. 
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2.5 CONTROL UNITS 

A. Modular, comprising processor board with programmable, nonvolatile, random-access memory; 
local operator access and display panel; integral interface equipment; and backup power source. 

B. 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. 

C. Stand-alone mode control functions operate regardless of network status.  Functions include the 
following: 

1. Global communications. 
2. Discrete/digital, analog, and pulse I/O. 
3. Monitoring, controlling, or addressing data points. 
4. Software applications, scheduling, and alarm processing. 
5. Testing and developing control algorithms without disrupting field hardware and 

controlled environment. 

D. Standard Application Programs: 

1. 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. 

2. HVAC Control Programs:  Optimal run time, supply-air reset, and enthalpy switchover. 

3. Chiller Control Programs:  Control function of condenser-water reset, chilled-water reset, 
and equipment sequencing. 

4. Programming Application Features:  Include trend point; alarm processing and messaging; 
weekly, monthly, and annual scheduling; energy calculations; run-time totalization; and 
security access. 

5. Remote communications. 

6. Maintenance management. 

7. Units of Measure:  Inch-pound and SI (metric). 

E. Local operator interface provides for download from or upload to operator workstation or 
diagnostic terminal unit. 

F. Control units shall follow existing communications protocols. 

1. ASHRAE 135 Compliance:  Control units using BACnet (ASHRAE 135 protocol) shall 
communicate using ISO 8802-3 (Ethernet) datalink/physical layer protocol. 

2. LonWorks Compliance:  Control units shall using LonTalk protocol shall communicate 
using EIA/CEA 709.1 datalink/physical layer protocol. 
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2.6 LOCAL CONTROL UNITS 

A. Modular, comprising processor board with electronically programmable, nonvolatile, read-only 
memory; and backup power source. 

B. Units monitor or control each I/O point, process information, and download from or upload to 
operator workstation or diagnostic terminal unit. 

C. Stand-alone mode control functions operate regardless of network status.  Functions include the 
following 

1. Global communications. 
2. Discrete/digital, analog, and pulse I/O. 
3. Monitoring, controlling, or addressing data points. 

D. Local operator interface provides for download from or upload to operator workstation or 
diagnostic terminal unit. 

E. Control units shall follow existing communications protocols. 

1. ASHRAE 135 Compliance:  Control units using BACnet (ASHRAE 135 protocol) shall 
communicate using ISO 8802-3 (Ethernet) datalink/physical layer protocol. 

2. LonWorks Compliance:  Control units shall using LonTalk protocol shall communicate 
using EIA/CEA 709.1 datalink/physical layer protocol. 

2.7 I/O INTERFACE 

A. Hardwired inputs and outputs may tie into system through controllers.  Protect points so that 
shorting will cause no damage to controllers. 

B. Binary Inputs:  Allow monitoring of on-off signals without external power. 
C. Pulse Accumulation Inputs:  Accept up to 10 pulses per second. 
D. Analog Inputs:  Allow monitoring of low-voltage (0- to 10-V dc), current (4 to 20 mA), or 

resistance signals. 
E. Binary Outputs:  Provide on-off or pulsed low-voltage signal, selectable for normally open or 

normally closed operation. 
F. Analog Outputs:  Provide modulating signal, either low voltage (0- to 10-V dc) or current (4 to 

20 mA). 
G. Tri-State Outputs:  Provide two coordinated binary outputs for control of three-point, floating-

type electronic actuators. 
H. Universal I/Os:  Provide software selectable binary or analog outputs. 

2.8 POWER SUPPLIES 

A. 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. 
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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. 

B. 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. 

2.9 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. Enclosure:  Dustproof rated for operation at 32 to 120 deg F. 

2.10 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. 

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. 

2.11 ELECTRONIC SENSORS 

A. Description:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as required. 
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B. Current Transducer: 

1. Solid or split core self powered analog current transducer slips over power wiring to 
provide combination load status and power use trending data. 

a. Linear output from 0 to full scale. 
b. 0-5Vdc output 
c. Operating conditions: -15-60 deg C, 0-95%rh. 
d. 2 second response time 
e. Use solid core for new applications, split core for retrofits away from terminals.  
f. Split core +/- 2% of full scale accuracy from 10% to 100%. 
g. Solid core +/- 2% of reading accuracy from 10% to 100%. 
h. Similar to Hawkeye 722, 922/932, size and range as required for load. 

C. Status Sensors: 

1. 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 power factor. 

D. Electronic Humidity Transmitter. 

1. The electronic duct humidity transmitter shall sense duct humidity and shall transmit an 
electrical signal to the EMCS.  A direct acting, proportional relationship shall be developed 
between the measured relative humidity and the transmitter output voltage, 

2. Relative humidity shall be sensed by a cellulose acetate butyrate element and conveyed to 
a linear variable differential transformer.  Changes in percent RH shall reposition the 
transformer core and create an imbalance in the secondary windings proportional to the 
magnitude of the RH sensed by the transmitter.  The transmitter requires a +12 or +15 volt 
DC power supply.  For a 10 to 100% RH input, the output shall be 0.5 to 5 volts with a +12 
volt supply and 20 to 200 mV with a +15 volt supply.  Change from one output range to 
the other shall be possible with a jumper. 

3. The transmitter shall be provided with all electrical steel enclosure and cover; the element 
shall be protected with an aluminum guard. 

a. Action:  Direct Acting, Proportional. 
b. Element:  Cellulose Acetate; Butyrate-CAB. 
c. Operating Range:  10 to 100% RH. 
d. Supply Voltage:  +12 volts DC, 60 mW (max.) or +15 volts supply -20 to 20 mV 

DC with a 15 volt supply. 
e. Output Signal:  0.5 to 5.0 volts DC with a 12 volt supply -20 to 20 Mv DC with a 15 

volt supply. 
f. Load Resistance:  10k ohms with 0.5 to 5 volt output; 100k ohms with 20 to 200 Mv 

output. 
g. Accuracy:  +_ 2% of full scale (or RH) between 20 and 75%  RH (includes non-

linearity, hysteresis, and repeatability). 
h. Operating Environment:  40 to 125 F, 10 to 90% RH, non-condensing. 
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E. Temperature Sensors: 

1. Temperature sensors shall be: 

a. Platinum wound RTD Type +_ 1oF.  Factory calibration point - 70oF at 1000 OHMS 
or 0oC at 1000 OHMS.  Adjustments for zero and span.  Output 4-20 mA. 

 Or (for non averaging sensors) 

b. Contractor may use thermistors which are compatible with system as follows: 

1) Accurate to 0.35oF over a range of -40o to 240oF, 
2) Noncalibrated devices, accuracy traceable to NBS testing, 
3) Guaranteed stability of 0.2oF over a 15 year period, 
4) Interchangable with any other in the new system, and 
5) Shielded cable not require for the guaranteed performance. 

2. Room element assemblies shall be located in conditions representative of the zone, on an 
interior wall where air is free to circulate around the element but away from non-
representative air conditions such as drafts or heat radiation.  Mount the assembly 5 feet 
above the floor on a standard electrical wallbox, or as otherwise directed or required to 
obtain satisfactory results.  A mounting bracket, wallplate, decorative cover and tamper 
resistant screens shall be furnished with the assembly.  May be S.S. wall plate type where 
applicable. 

3. Liquid temperature sensors shall be mounted in separable brass immersion wells with 1/2" 
- 14 NPT threads, filled with "Insulgrease" or other approved heat transfer compound.  
Monitoring range to suit conditions. Well and spring loading device to assure RTD contact 
with end of sensing well.  Whenever a sensing element and well are installed in a chilled 
water line, plumber's putty or some other suitable sealant shall be applied around the 
adapter as well as the point where the two sensors leads pass through the adapter.  This is 
to prevent condensation of moisture in the well and failure of the element.  Minimum well 
length to be equal to 1/2 of the pipe diameter; match bulb length to well length. 

4. Battery powered “wireless communicating” sensors which use batteries as the source of 
power for transmission and communication of data are not acceptable. 

F. Thermostats: 

1. Electronic room thermostats shall be similar to room temperature sensors with occupancy 
over-ride, bias adjustment, and LCD space / setpoint temperature readout functions built 
in. 

2. Provide with durable cast aluminum or polycarbonate guard where required to prevent 
unauthorized access. 

3. Battery powered “wireless communicating” thermostats which use batteries as the source 
of power for transmission and communication of data are not acceptable. 

4. Incidental electric thermostats specifically indicated as not connected to EMCS shall be 
heavy duty type with concealed adjustment. 
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2.12 HVAC PROCESS FLOW CONTROL COMPONENTS 

A. Automatic Air Dampers (AAD on drawings): 

1. Provide all automatic dampers except those specified as being furnished by equipment 
manufacturer.  Automatic dampers are required at all exterior wall and roof openings 
serving a HVAC purpose which are provided or modified as a part of this project, whether 
or not called for on the drawings.  Control dampers to operate with sequence described 
later or as directed. 

2. Where damper is separating outside air from the conditioned space with no intervening air 
handler, for example relief air and exhaust fan dampers with short connected duct runs 
only, and additionally where called for on the drawings with the designation “TB AAD”, 
provide automatic dampers of thermally broken insulated construction design as described 
herein. Single thickness blades are permitted where they are in series with air handler 
dampers. 

3. Size dampers at full duct or damper size indicated on the drawings, arranged for flanged to 
duct rather than inserted in duct installation (clear damper opening, not outside of frame, 
equal to duct size indicated).  If neither duct or damper size is indicated; size for maximum 
velocity of 1500 fpm and maximum pressure drop including transitions to and from duct 
0.05 in w.g. 

4. Materials: 

a. General-service dampers not covered by the below restrictions, in galvanized steel 
ductwork, may be of galvanized steel construction. 

b. Dampers in aluminum ductwork: aluminum or stainless steel. 
c. Dampers subject to corrosive fumes: stainless steel of a type resistant to the fumes. 

5. Overall Construction:  

a. Damper frames fabricated of extruded aluminum sections or formed steel, with 
reinforced corner bracing, suitable for flange mounting to duct.  Seal any and all 
gaps at frame joints to maintain airtight integrity of ductwork.  

1) Where flanged to duct mounting is not possible due to space restrictions or 
where Owner prefers access from inside duct, propose slip in style dampers 
on a case by case basis in damper submittal along with individual rationale 
for frame style selection.  

b. Provide extruded aluminum airfoil construction for dampers modulating outside and 
return airflow, isolating lead/lag blowers, those operating on systems with over 2" 
water column potential close off pressure, and those operating over 1500 fpm.   

c. Fasten aluminum frames with approved stainless steel fasteners, separated from 
dissimilar metal casing by dielectric gasketing. 

d. Damper blades not more than 8" in width.   
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e. Mount blades on electroplated square or hexagonal steel shafting operating in 
stainless steel, bronze, or approved polymer sleeve bearings. 

f. Provide corrosion resistant linkage and actuator mounting compatible with the 
damper materials and service, concealed in the frame outside of the airstream for 
flanged to duct applications and mounted in the airstream for slip in construction.   

g. Provide parallel blade operation for all two position dampers, and opposed blade 
operation for modulating dampers, with exception of face and bypass dampers which 
shall be made up of two sections of parallel blade dampers with the blades of one 
damper opposed to the blades of the other for proper mixing.  

h. Dampers over 48 in. in length and height shall be made into multiple sections.   

i. Dampers shall be capable of sequencing as required.  

j. Provide AMCA Standard 511 certified class 1A leakage dampers, with maximum 
leakage not exceeding 3 cfm per square foot at 1 inch water gage pressure 
differential, or 8 cfm per square foot at 4 inches water gage pressure differential 
when held in the closed position with a torque of no more than 6 inch pounds per sq. 
ft.   

k. Temperature range shall be suitable for the intended service. 

6. Galvanized Formed Blade Construction Dampers: 

a. Frame of 16 gauge galvanized hat shaped channel.  
b. Blades of single thickness 16 gauge interlocking formed galvanized steel. 
c. Neoprene blade seals, and neoprene or compressible spring steel jamb seals. 
d. Design make: Arrow Series 395. 

7. Extruded Aluminum Airfoil Construction Dampers: 

a. Frames and airfoil blades of extruded aluminum construction.   
b. Extruded polymer dampers seals with airstream inflatable double edges, 

mechanically locked in extruded blade slots, and easily field replaceable.  
c. Blades jamb seals compressible spring stainless steel.  
d. Design make:  Ruskin Model CD-50 or equal. 

e. or equal, all with options as required to meet specification. 

B. Actuators: 

1. Electronic actuators:  

a. Electronic actuators shall be motor driven with cast aluminum enclosure, with 
completely oil-immersed metal gear trains, sealed integral spiral spring return 
mechanism, force sensor safety stop, and shall have torque as needed to insure 
positive movement against system stall pressure.  Furnish entire mechanism in 
housings designed for easy removal for service or adjustment. 
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b. Size each actuator motor to operate with sufficient reserve power to provide smooth 
modulating or 2-position action as specified. 

c. Provide permanent split-capacitor, shaded pole, or synchronous motors with gear 
trains completely oil-immersed and sealed. 

d. Damper actuators shall be direct-coupled over the damper shaft, and shall be 
installed without connecting linkage where possible. 

1) Where linkages are required, for example with multiple section dampers or 
dampers where actuator must be installed in the air-stream, provide with 
linkage furnished by the damper manufacturer and designed for the actuator 
being used. 

e. The actuator shall have electronic overload and digital rotation sensing to prevent 
damage to the actuator through the entire rotation range of the actuator.  

f. Actuators shall be capable of both clockwise and counter clockwise motion by 
changing mounting orientation. 

g. Provide proportional actuators for modulating services that accept a 0 to 10 VDC or 
4 to 20mA control input and provide a 2 to 10 VDC or a 4 to 20mA operating range.  
An actuator capable of accepting a pulse width modulated / floating point control 
signal and providing full proportional operation is only acceptable for hydronic 
valve services where there is no connection to outside air. 

h. All 24 VAC/DC actuators shall operate on Class 2 wiring and shall not require more 
than 10 VA for AC or more than 8 watts for DC applications.  Actuators operating 
on 120VAC power shall not require more than 10VA. Actuators operating on 
230VAC power shall not require more than 11VA. 

i. All actuators shall have an external manual gear release and actuators with more 
than 60 in-lb torque capacity shall have a manual crank to allow manual positioning 
when the actuator is not powered. 

j. All modulating actuators shall have an external, built-in switch to allow the reversing 
of direction of rotation. 

k. Actuators shall be provided with a conduit fitting and minimum three foot electrical 
cable and shall be pre-wired to eliminate the necessity of opening the actuator 
housing to make electrical connections. 

l. Actuators shall be UL Standard 873 listed and CSA Class 4813 02 certified as 
meeting correct safety requirements. 

m. Actuators shall be designed for a minimum of 60,000 full stroke cycles at the 
actuators rated torque and shall have a minimum 2-year manufacturer’s warranty, 
starting from the date of installation. 

n. Design make: TAC-I/A DuraDrive series and Belimo models as required by torque. 
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2.13 SAFETY DEVICES 

A. Low Limit:  Electric type with 20' long serpentine element, coldest foot sensitivity, with automatic 
reset and auxiliary contacts to the EMCS. Set for 37 deg. F for "freeze" protection and 55oF for 
fan discharge application. 

B. High Limit:  Electric type, with manual reset; and auxiliary contacts to the EMCS, UL listed for 
fire, set for 125 deg. F. 

C. Filter switches:  Differential pressure type with adjustable set point, visual and audible trip 
indication, and auxiliary contacts to the EMCS. 

D. Surge Suppression (Sp) Receptacle: 

1. Surge suppression receptacle with metal oxide varister to dissipate the electrical energy of 
voltage spikes. 

2. 20 ampere, duplex, NEMA 5-20R configuration. 
3. Back and side wiring, high impact nylon body. 
4. May be integral to panels. 

2.14 MISCELLANEOUS DEVICES 

A. Provide all necessary relays, controllers, accumulators, positioners, switches, solenoids, 
transformers, temperature sensors, and transducers for a complete system. 

B. Locate these devices on local panel unless specified otherwise. 

C. Wiring: 

1. Controls power wiring: Provide wiring in accordance with requirements of Section 23 05 
13 , Division 26, and the National Electrical Code.   

2. Controls communications and data cabling:  

a. Provide plenum rated cables, in full accordance with the requirements of Divisions 
26 (Electrical) and 27 (Communication).  

b. Provide cabling as recommended in writing by the controls manufacturer for 
optimized communications, similar to: 

1) 22AWG single twisted pair, low capacitance (12.5pF/ft), shielded or 
unshielded plenum rated cable for low voltage communications. 

2) 18AWG single twisted pair, low resistance (6mW/ft), shielded plenum rated 
cable. 

3. Controls communications and data fiber optic cabling: Provide in accordance with the 
stricter of the requirements of Divisions 26, 27, and the written recommendations of the 
manufacturer of the equipment served. 
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4. Where additional wire to wire terminations are required beyond end device and controller 
termination strips, make connections using NEMA rated termination blocks with barrier 
isolated strip/screw or tube/screw connections, all labeled for current function. Flying 
splices not permitted. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions:  Examine conditions under which materials and methods are to be 
installed and notify Architect in writing of any conditions detrimental to proper and timely 
installation.  Do not proceed with installation until unsatisfactory conditions have been corrected 
in acceptable manner. 

1. Installation indicates conditions are acceptable to Contractor as required to ensure 
requirements for applicable warranty or guarantee can be satisfied. 

2. Electrical Wiring:  Check all electrical wiring associated with equipment for compliance 
with specifications and correctness of connections.  Correct wiring in event equipment or 
devices fail to function in specified manner, whether due to incorrect connections or 
improper information and wiring diagrams.  

3. Verify that conditioned power supply is available to control units and operator workstation 
as required. 

3.2 WORK INCLUDED 

A. Provide all labor, materials, equipment, and services required for the complete removal of all 
existing controls components being replaced or upgraded as a part of this project or which serve 
equipment being removed as a part of this contract. 

1. Insure that controls for areas outside of this contract’s work remain intact and functional.  
Report any existing problems with functionality before demolition. New problem areas not 
otherwise a part of this scope that result from this demolition work: rebuild original 
functionality or upgrade to be included in the new controls. 

B. Provide all labor, materials, equipment, and services required for the complete EMCS installation, 
including Related Work, as required in the Contract Documents.  Provide all programming labor 
required for creating the specified sequences of operation and associated graphics.  Include labor 
required for integrating any software and programming enhancements made both during 
construction and commissioning and during the warrantee period.  Include labor for any 
programming modifications required due to special circumstances not adequately described in the 
written sequences of operations, as required to control systems operation as intended. 

C. Provide all controls wiring required to connect devices furnished as part of or adjunctive to this 
EMCS regardless of the source of supply.  Provide connections to Owner’s LAN, WAN, 
telephone, and internet as required to perform controls work.  Coordinate all fiber optic, 
telecommunications, and other electrical connections with Owner. 



Tetra Tech INSTRUMENT AND CONTROL FOR HVAC 

Architects & Engineers Project No.  203778-21001 23 09 00 /  Page 33 

D. Provide power wiring for controls requiring connection to AC power.  Control circuits to be 120 
vac maximum.  Install wiring in accordance with requirements of SECTION 23 05 13 - 
COMMON ELECTRICAL REQUIREMENTS FOR HVAC EQUIPMENT, Division 26, and the 
National Electrical Code.  Provide actuator power wiring to all automatic dampers including 
fire/smoke dampers.  Coordinate required relays, etc.. with fire alarm system control wiring by 
Division 28. 

E. Provide all necessary devices required for proper system operation, including special electrical 
switches, conditioned power supplies, transformers, disconnect switches, relays, circuit breaker 
protection, as required. 

F. Provide all controllers, actuators, sensors, etc. as specified later herein, and as required to meet 
the specified sequence of operation. 

G. Furnish all valves, control wells, and dampers to Contractor responsible for their installation, as 
specified and as required to meet the sequence of operation. 

H. Provide interface connections from EMCS hardware to equipment starting circuits, alarms, etc. 

I. The system shall include all accessory equipment and electrical wiring to fulfill the intent of this 
specification, including all control and communications components required to interface with 
the Owner’s Ethernet LAN, forming a complete and interoperable system. 

J. Each portion of the District EMCS system as described above shall include all gateways, 
translators, interpreters, software, programming, or other accessory devices as required to achieve 
BACnet communications over the LAN.  

3.3 INSTALLATION 

A. System shall be installed and adjusted by trained mechanics and technicians, with a demonstrated 
experience of not less than (5) years, in the installation, adjustment, and repair of temperature 
control systems. 

B. Install software in control units and operator workstation(s).  Implement all features of programs 
to specified requirements and as appropriate to sequence of operation. 

C. Connect and configure equipment and software to achieve sequence of operation specified. 

D. Install labels and nameplates to identify control components according to Division 23 Section 
"Identification for HVAC Components." 

E. Install hydronic instrument wells, valves, and other accessories according to Division 23 Section 
"Hydronic Piping." 

F. Install refrigerant instrument wells, valves, and other accessories according to Division 23 
Section "Refrigerant Piping." 

G. Install electronic and fiber-optic cables according to Division 27 Section "Communications 
Horizontal Cabling." 
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3.4 SYSTEM COMPONENTS 

A. Current Transducer:  As required; install per manufacturer’s written instructions. 

B. Temperature Sensors:  Install per manufacturer’s written instructions, in locations representative 
of the controlled spaces’ temperature as required for proper control.  Include proposed sensor 
locations in wiring diagram submittal. 

1. Provide room temperature sensors for all spaces where thermostats are not specifically 
called for, as required to properly and individually control all building mechanical HVAC 
and domestic hot water equipment in accordance with the sequence of operation.  For large 
spaces, provide at least one room sensor per 2000 square feet, in locations representative 
of the room’s various exposures and internal loads. 

2. Temperature Sensor with Guard: Provide sensor with guard (preferably S.S. wall plate 
sensor) wherever temperature sensor is called for in publicly accessed spaces similar to 
corridors, vestibules, lobbies, stairwells, cafeteria, gymnasium, auditorium, etc.. 

3. Duct and pipe temperature sensors: Provide as shown on the controls schematics and as 
required to properly control per the written sequence of operations. 

4. Outdoor air sensors: Provide as required to accurately sense outdoor air conditions for 
proper economizer control, at least five separate locations facing each of East, West, North, 
and South, as well as a representative rooftop location. 

C. Thermostats:  Locate thermostats on walls symmetrical with adjacent items.  Verify exact room 
location to avoid doors, fixed and portable equipment.  Install to minimize damage.  Do not install 
adjacent to lighting dimmers or other heat generating equipment. Include proposed thermostat 
locations in wiring diagram submittal.   

1. Provide thermostats as specified and as required to properly and individually control all 
building mechanical HVAC equipment for all administrative offices, staff work and break 
rooms, classrooms, small group instruction rooms, large group instruction rooms, 
mechanical rooms, and spaces similar to these in function.  Specifically not included in this 
list are corridors, vestibules, lobbies, stairwells, utility closets, and storage rooms. 

2. Thermostat Guards: For bidding purposes, assume 10% of thermostats listed in 3.4.E.1 
above will require guards – coordinate locations with Owner and Engineer during 
submittals.  In addition to these and the multiple room sensors required by 3.4.D.1 above, 
provide single thermostat with protective guard for media center, cafeteria, gymnasium, 
and auditorium. 

D. Automatic Dampers:  Furnish dampers, tagged for proper location, (with multiple section damper 
linkages).  Install per manufacturer's printed instructions.  Adjust to close tightly.  Allow for 
conduit sleeve or blank space for roof fan dampers. 

E. Actuators:  Install per manufacturer's printed instructions as to motor size and quantity, linkage 
arrangement, drive connection point. Where ducts or valves are insulated, set damper operators 
at least 2 in. away from equipment to allow for insulation. 
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F. Safety Devices: 

1. Low Limit:  Install on all equipment handling both water and any percentage of unheated 
outside air, including equipment in boiler rooms handling combustion air, serpentined on 
the discharge face of heating and/or cooling coils, or elsewhere as required for proper 
freeze protection, set at 37 deg F.  Low limit trip shall report an alarm to the EMCS, which 
shall prevent the unit’s fans from operating (not applicable to boiler burner fans), cause full 
flow of water in elements being protected, and fully close the outside air intake and exhaust 
air dampers until automatically reset (combustion air dampers shall not be closed when 
combustion is required for building heating).  If some other sequence is required for proper 
freeze protection of special equipment or circumstances, provide this and detail in 
submittal. 

2. High Limit:  Install in the supply medium at the discharge of each fuel fired appliance.  
High limit trip shall report an alarm to the EMCS, which shall prevent the units burner 
from operating until manually reset.  

G. Surge suppression (sp) receptacle:  As required; install per manufacturer’s written instructions. 

H. Miscellaneous Devices:  As required; install per manufacturer’s written instructions. 

3.5 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. 
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3.6 SYSTEM SOFTWARE 

A. Provide completely installed and ready for use. 

B. System Configuration and Definition: 

1. All temperature and equipment control strategies and energy management routines shall be 
definable by the operator.  System definition and modification procedures shall not 
interfere with normal system operation and control. 

2. The system shall be provided complete with all equipment and documentation necessary 
to allow an operator to independently add, delete, or modify the following: 

a. SCUs. 
b. OWSs. 
c. UCs. 
d. Points of any type, and all associated point parameters and using constants. 
e. Alarm reporting definition for each point. 
f. Control loops. 
g. Energy management applications. 
h. Time and calendar based programming. 
i. Totalization for every point. 
j. Historical data trending for every point. 
k. Custom control processes. 
l. All graphic displays, symbols, and cross references to point data. 
m. Dial-up telecommunication definition. 
n. All operator passwords. 
o. Alarm messages. 

3. System Definition/control Sequence Documentation:  All portions of system definition 
shall be self documenting to provide hard copy printouts of all configuration and 
application data.  Control process and EMCS control loop documentation shall be provided 
in logical, graphical flow diagram format to allow control sequence to be easily interpreted 
and modified at any time in the future. 

4. Database Save/Restore/Back-Up:  Back-up copies of all standalone EMCS panel databases 
shall be stored in at least one personal computer operator workstation, and a secure 
electronic copy of the original complete database setup shall be stored at the offices of the 
TCS, available for the Owner’s use. 

5. Continuous supervision of the integrity of all EMCS panel databases shall be provided.  In 
the event that any EMCS panel on the network experiences a loss of its databases for any 
reason, the system shall automatically download a new copy of the respective database to 
restore proper operations.  Database back-up/download shall occur over the local area 
network without operator intervention.  Users shall also have the ability to manually 
execute downloads of any or all portions of an EMCS panel database. 
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3.7 SCU  PANEL LOCAL OR PORTABLE OPERATOR'S TERMINALS 

A. Each EMCS panel shall be capable of supporting an operator's terminal for local command entry, 
instantaneous and historical data display, and program additions and modifications. 

1. There shall be a provision for both permanently mounting the standalone EMCS panel 
operator terminal, or using it as a portable hand held unit. 

2. The EMCS panel operator terminal shall simultaneously display a minimum of 6 points 
with full English identification to allow an operator to view single screen dynamic displays 
depicting entire mechanical systems. 

3. The operator functions provided by the EMCS panel operator terminal shall include, but 
not be limited to, the following: 

a. Start and stop points 
b. Modify setpoints 
c. Modify PID loop setpoints 
d. Override PID control 
e. Change time/date 
f. Add/modify start/stop weekly scheduling 
g. Add/modify setpoint weekly scheduling 
h. Enter temporary override schedules 
i. Define holiday schedules 
j. View analog limits 
k. Enter/modify analog warning limits 
l. Enter/modify analog alarm limits 
m. Enter/modify analog differentials 
n. Viewpoint history files 

4. The EMCS panel operator terminal shall provide access to all real or calculated points in 
the controller to which it is connected, or any other controller in the network.  This 
capability shall not be restricted to a subset of predefined "global points", but shall provide 
totally open exchange of data between the operator terminal and any EMCS panel in the 
network. 

5. Operator access at all EMCS panel operator terminals shall be identical to each other, as 
well as identical to the PC or Laptop operator workstations.  Any password changes shall 
automatically be downloaded to all controllers on the network. 

6. The EMCS operator terminal shall provide English language prompting to eliminate the 
need for the user to remember command formats of point named.  Prompting shall be 
provided consistent with a user's password clearance and the types of points being 
displayed, to eliminate the possibility of operator error. 

7. A multifunction touch pad shall be provided for point and command selection, as well as 
parameter entry.  To minimize the possibility of operator error, the EMCS panel operator 
terminal shall change the limit touch pad functions based upon an operator's password 
clearance, the function being performed, and types of points being displayed.  Screen 
displays shall clearly indicate only valid touch pad functions. 
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8. Context Sensitive Help: On-line, interactive user's "Help" manuals and tutorials shall be 
provided.  Based upon operator request, the "Help" function shall provide general system 
operating instructions and specific descriptions of commands available in the currently 
displayed menus. 

9. Identification for all real or calculated points shall be consistent for all network devices.  
The same English language names used at PC workstations shall be used to access points 
at the EMCS panel operator's terminal to eliminate cross reference or look up tables. 

10. In addition to instantaneous summaries, the EMCS panel operator's terminal shall allow a 
user to view a point history file for system points.  Point history files shall provide a record 
of value of analog points over the last 24 hours, at 30 minute intervals, or a record of the 
last ten status changes for binary type points. 

3.8 GENERAL CONTROLS SYSTEM PROGRAMMING DESCRIPTION 

A. Provide color graphic floor plan displays and system schematics detailing all mechanical and 
electrical systems as indicated in the sequence of operations, at least one for each system and 
piece of mechanical equipment, including air handling systems, chilled water systems, and 
heating systems.  Create displays to represent logical grouping of system points or calculated data 
based upon building function, and mechanical system points which aid the operator in the analysis 
of the facility. The operator shall be able to view and control these systems via graphical and text-
based displays and controls. 

1. Provide access to the various system schematic and floor plan graphics via any and all of 
mouse driven graphical penetration scheme, menu selection, “file tree” organization, or 
text based commands. 

a. Graphical menu penetration: locate and display systems graphics via a mouse driven 
procedure, designed and implemented to optimize performance analysis and speed 
alarm recognition.  Five clicks maximum from whole district map to details of 
critical alarm via this route. 

1) Whole District Map: Include each building shown as an active link; point and 
click to go to building. Display any building with (Owner defined, TCS 
implemented) alarms present as highlighted for rapid system review and 
diagnosis. Include at least three levels of alarm to facilitate prioritizing; each 
level shall be obvious and visually distinct. The most critical alarm in any 
building shall define the alarm level of that entire building in this graphic. 

2) Main Building Display: Include a full floor key plan of each floor, broken into 
areas of detailed floor plans, with similar active point/click penetration 
scheme and highlighted alarm areas.   
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3) Detailed Floor Plans: Indicate the location of mechanical equipment (boilers, 
chiller, air handlers, duct and reheat / VAV systems, pumps and pumping 
systems, metering equip. etc.) and electrical equipment (switch gear, lighting, 
etc.) on the detailed floor plans.  Highlight any systems when in alarm.  
Outline limits of each control zone (typically along walls, etc..) and provide 
active multicolored background for each zone.  Zone background color shall 
change with space temperature deviation from setpoint, with a minimum of 8 
background colors, colors to be distinct from alarm highlight colors. 

4) System Specific Graphics:  Provide pictorial schematically correct 
representations of each and every mechanical system controlled and/or 
monitored.  Include all associated points, digital status, analog values, 
appropriate and/or significant calculated values, alarms, active adjustment of 
all user adjustable setpoints, links to all scheduling, trend logs, sequence of 
operations description, associated systems schematics in appropriate 
locations, etc.  Include plain English descriptions of each active point / link 
shown.  Include appropriate plain English warnings for alarms.  Modify as 
required by Owner and Engineer during system review, start-up, and 
commissioning.   

b. Menu and text based penetration: An operator request for information about a 
specific system shall cause the associated graphic display to be automatically 
selected and output on the viewing screen.  The operator request may be entered via 
either the graphical menu penetration procedure or via a pull down directory tree 
style menu system with “specific building”, “specific mechanical room”, and 
“specific system” levels of identification.  The pull down menu system shall cause 
the graphical menu system to be updated. 

B. Graphic Representations 

1. General: The program shall allow the operator to generate color graphics on-line using 
standard symbols selected from a standard library of symbols. 

2. Provide customized graphics with dynamic point values and set points. Graphics shall 
include but not be limited to: 

a. Each third party microprocessor controlled system with all points available. 

b. Heating Hot Water System with heat injection systems, primary hot water system, 
secondary hot water systems, 3-ways, 2-ways, etc. 

c. Air Handling Units, air and water sides, with coil pumps, zones, etc. 

d. Floor Plans - The operator interface shall allow the user to access the various 
graphical schematics via a graphical penetration scheme of the floor plans. 
Minimum breakdown shall include: 

1) Whole District map, showing all buildings. 
2) Key plan of each building. 
3) Floor plans of each building with zoom in capability. 
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C. Time Schedule Programs 

1. The programs for the EMS shall schedule each system's operation on an hourly basis 
controlled through daily, weekly and/or monthly schedules.  Schedules for each individual 
system, room or area shall be programmed and modified by the user on a calendar-like 
display at the OWS.  

2. The programs shall store 60 months of schedules. 

3. An internal time clock shall automatically compensate for daylight savings time and 
calendars generated by software shall automatically compensate for leap years. 

D. Trend Logs: 

1. Provide customized trend log reports with up to twenty variables per report for each HVAC 
system. Points shall be assignable at the OWS; coordinate desired points on each log with 
Owner during training and commissioning.  Archive trended values on the system hard 
disk for future inquiry, with back up copies automatically prompted for and generated on 
removable media. 

E. Alarm Points 

1. All temperature inputs to the DDC system (space, return air, mixed air, discharge air, 
supply and return water, boiler and cooling systems) shall be alarmed at the host computer 
if the temperature is out of range 10 deg. F (adj.) above or below setpoint. 

2. Fan status shall be monitored by analog current sensing devices or differential pressure 
switch.  If the fan is scheduled to run and the status is not proven, an alarm condition shall 
be shown at the host computer. 

3. Pump status shall be monitored by analog current sensing devices.  If the pump is scheduled 
to run and the status is not proven, an alarm condition shall be shown at the host computer. 

4. All alarm points of any stand alone controllers such as boiler burner controls, chiller or 
condensing unit controls, etc.., shall be monitored. 

5. For all alarms, provide appropriate text and graphical annunciation to facilitate ease of 
understanding of source and location of problem.  Coordinate annunciation with Engineer, 
equipment manufacturers, and Owner’s representatives. 

F. Optimum Start Program 

1. The building shall initially be brought to occupied temperature through an optimal start 
program. This program shall gradually increase space temperature requirements over a 
predetermined time to not only bring the building to required temperature but also soft start 
building mechanical equipment. 

2. Each system shall have an independent modular program. 

3. The program shall minimize the total energy consumption during daily start-up of each 
heating/cooling system. 
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4. A control algorithm shall compare the outside air temperature to space temperature and 
historical startup data to calculate a start time for each air handling system. 

5. The start time for each system shall bring its respective zone to occupied setpoint at the 
time of occupied mode start. 

6. The optimum start program shall be adjustable to the rate structure of the local energy 
company. 

G. Optimum Stop Program 

1. Each system shall have independent modular program. 
2. The program shall minimize the total energy consumption during daily shut-down of each 

heating/cooling system. 
3. A control algorithm shall compare the outside air temperature to space temperature to 

calculate a stop time for each air handling system. 
4. The stop time for each system shall shut-down its respective zone as early as possible 

without letting the temperature drift out of the specified comfort range. 
5. Minimum outside air ventilation shall be maintained where required by occupied status 

requirements of space served. 

H. Day/night Setback 

1. The day/night setback will consist of lowering the space heating setpoint and raising the 
space cooling setpoint during the unoccupied mode, thereby reducing the heating and 
cooling energy requirements. The occupied and unoccupied areas will be specified by the 
owner and will be coordinated with the control system.   

I. Economizer Cooling Cycle 

1. The controls shall incorporate an enthalpy logic center with outdoor and return air 
temperature and humidity sensors that shall maximize the use of outdoor air for cooling 
before the mechanical cooling is energized and during operation through comparison of 
outdoor and return air enthalpy as follows.  Note that multiple outdoor temperature 
conditions will be present at different outside air intake locations, and as such a comparable 
number of outside air sensors are required.  Some mechanical systems may share a single 
outdoor air enthalpy center, for example adjacent UVs each facing east, providing the 
outdoor air conditions can be demonstrated to be virtually identical from an energy 
management perspective.  Provide at minimum East, West, South, North, and Rooftop 
outdoor air sensors. 

2. When the outdoor air enthalpy is less than the return air enthalpy during cooling mode, the 
logic circuitry shall cause the outdoor and return air dampers to modulate to the balanced 
outdoor air position that satisfies the critical space temperature transmitter set point before 
opening the system chilled water cooling valve. 

3. If the outdoor air enthalpy is less than the return air enthalpy and the critical space 
temperature transmitter set point cannot be satisfied with 100% outside air, then the system 
shall circulate 100% outside air and the cooling water valve shall modulate open to satisfy 
the zone temperature requirements. 
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4. If the enthalpy sensors indicate that the return air has lower enthalpy than the outdoor air, 
then the system shall revert to normal cooling mode. 

5. Upon a call for cooling to maintain the night setback temperature, only the economizer 
mode shall be operational.  The chilled water control valve shall not be opened, and upon 
satisfying the space temperature transmitter night setback set point, the system shall revert 
to the normal unoccupied mode. 

J. Maintenance Management: Continuously totalize run hours for equipment controlled and/or 
monitored for use by the maintenance management program. 

K. Equipment Scheduling 

1. Equipment shall be capable of 7 days, 24 hours schedules with separate holiday hours. 
2. There shall be capability for five different holiday schedules which can be selected from 

the occupancy schedule graphic.  
3. Holidays shall be programmed so that they shall need a minimum of manual adjustment 

year to year and can easily be modified at front end if necessary.  
4. All schedule programming shall reside in local controllers, but shall be configurable from 

the front end. 

L. Coil Freeze Protection. 

1. Heating and cooling coils and any other equipment provided as a part of this project which 
are circulating water (not required for glycol coils) or are otherwise subject to water freeze 
damage, subject to the following, that have any percentage of unheated outside air entering 
them, shall have coil freeze protection.   

2. Mixed outside and return air and the preconditioned discharge air from air to air energy 
recovery units shall be considered unheated for this purpose. 

3. The first stage of coil freeze protection shall incorporate analog input temperature sensing 
at the expected freeze location.  Sensing devices may be immersion style return water 
temperature sensor piped as close as practical to the outlet of the coil (within the rooftop 
unit if applicable), surface temperature sensors on the coil surface at the expected freeze 
location, or other comparable devices approved as applicable to the circumstances.  Include 
details of freeze protection scheme for all such equipment in submittal.  When the sensed 
temperature is above 60ºF (adj.), the coil control valve shall be under space temperature 
control.  If at any time the expected freeze location sensed temperature drops below 60ºF 
(adj.), the control valve shall temporarily open to raise that coil’s return water temperature 
to above 80ºF (adj.), and the EMCS shall report an alarm to the OWS 

4. The second stage of coil freeze protection shall be the low limit freeze stat air temperature 
sensors with the sequence defined under safeties, above.  

M. Electrical Demand Monitoring and Control: 

1. Provide total building electrical demand monitoring via electronic utility metering or other 
metering technology acceptable to the local utility.  Include both three phase current and 
voltage monitoring as a minimum.  Provide full graphical interface for electrical utilization 
data including real-time Kw and KwH tracking, logging, trending, etc. 
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2. For all pumps, fans, and other equipment with electrical loads of 1 Kw or larger, provide 
analog current sensing run indication, capable of differentiating between normal load 
operation and abnormal current draw caused by typical malfunctions such as broken 
belt/coupling or pending overload condition. 

3. For all VSDs, chillers, etc.., where microprocessor power monitoring is available through 
unit controls, monitor power consumption through respective electronic interface. 

3.9 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 pressure instruments, piping slope, installation of valve manifold, and self-
contained pressure regulators. 

5. Check temperature instruments and material and length of sensing elements. 

6. 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. 
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3.10 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. 
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B. Adjust initial temperature and humidity set points. 

3.11 SYSTEM TESTING AND COMMISSIONING 

A. Test complete control system for control device operation prior to the systems acceptance.  
Demonstrate complete sequence of operations to Architect’s and Owner’s representatives. 

1. Verify operation of system inputs and outputs, control loops and/or software programming, 
timing functions, operator entered constants, facilities management functions, etc., and 
observe that they perform their intended functions.  Generate check out data sheets for each 
system so verified. 

2. Field verify analog input calibration, analog output operation, digital input function, digital 
output operation, and coordination of system inputs and outputs between system graphics 
and field devices for schematic accuracy.  Coordinate device testing with Testing and 
Balancing Agency – refer to section 23 05 93 – Testing, Adjusting, and Balancing for 
HVAC for additional information.  Generate check list of all devices, keyed with 
descriptive locations and functions, along with complete calibration, testing, and 
coordination data, certified by Contractor and TAB agency. 

3. Provide complete values and points logs, printed with hourly values for one week, 
demonstrating correct control functions and programming. 

B. When above procedure has been completed and control systems are operating satisfactorily, 
produce and submit a report of entire systems performance for review, including all data described 
above.  Submit three copies to the Architect's Representative advising them that the control 
system is 100% complete and operates in accordance with the Contract Documents. 

3.12 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 23 09 00 
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SECTION 23 21 13 - HYDRONIC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes pipe and fitting materials, special-duty hydronic systems fittings, 
equipment, valves, and specialties, and joining methods for the following: 

1. Hydronic Systems piping. 
2. Blowdown and system drain piping. 
3. Air-vent piping. 

B. Related Sections include the following: 

1. Section 23 01 20 - Hydronic System Cleaning and Water Treatment 
2. Section 23 05 19 - Meters and Gauges for HVAC Systems. 
3. Section 23 05 23 - General Duty Valves for Hydronic Piping. 
4. Section 23 05 29 - Hangers and Supports for HVAC components. 
5. Section 23 09 00 – Instrumentation and Control for HVAC. 
6. Section 23 21 23 - Hydronic Pumps. 

1.3 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the following 
minimum working pressure and temperature: 

1. Copper Hydronic Piping:  125psig at 250 deg F. 
2. Vent and Drain Piping:  Equal to the pressure and temperature of the piping system to 

which it is attached. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of the following: 

1. Above Grade Piping 
2. Pipe Fittings. 
3. Dielectric Fittings. 
4. Air Control. 
5. Special Duty Hydronic Components. 

23 21 13 



HYDRONIC PIPING  Tetra Tech 

23 21 13 / Page 2 Project No. 203778-21001 Architects & Engineers 

B. Welding Quality Control Submittals 

1. When brazed pipe work is required or proposed as a part of this project, submit  
following for approval before beginning any brazing work: 

a. Brazing Procedure Qualification: Prepare and submit for approval brazing 
procedure qualification specification qualifying all proposed procedures as 
specified in Quality Assurance below with copies of all back-up data. 

b. Brazers’ Certification: Submit for approval certification that each proposed brazer, 
or brazing operator has been qualified in all procedures proposed for that worker as 
specified in Quality Assurance below with copies of all back-up data. 

1.5 CLOSEOUT SUBMITTALS 

A. Field quality-control test reports. 
B. 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. Regulatory Requirements: Comply with all applicable sections of the following: 

1. ANSI / ASME B 31.9: "Building Services Piping".  
2. ASME "Boiler and Pressure Vessel Code", Section IX, "Welding and Brazing 

Qualifications". 
3. New York State Labor Department Industrial Code Rule No. 4 (cited as 12 NYCRR4)  
4. New York State Labor Department Industrial Code Rule No. 14 (cited as 12 NYCRR14). 
5. Building Code of New York State. 
6. ANSI / ASHRAE 15 “Standard Safety Code for Mechanical Refrigeration”. 
7. ASME label on all pressure vessels and safety valves. 
8. ANSI / ASME B31 – “Code for Pressure Piping”. 

B. Welded Support Work Quality Control:   

1. Qualify processes and operators according to AWS D1.1/D1.1M, "Structural Welding 
Code - Steel." 

C. Brazing Piping Work Quality Control: 

1. Brazing Procedure Qualifications: Qualify any welding or brazing procedure to be used 
on this Project in accordance with ASME "Boiler and Pressure Vessel Code", Section IX.  
Qualification may by made by technically competent group or agency (subject to 
approval) meeting the following conditions: 

a. Group or agency qualifying the procedure meets all procedure qualification 
requirements of ASME "Boiler and Pressure Vessel Code", Section IX. 

b. Contractor accepts full responsibility for procedure qualified. 



Tetra Tech HYDRONIC PIPING 
Architects & Engineers Project No. 203778-21001 23 21 13 / Page 3 

c. Contractor has qualified at least one brazer or brazing operator using procedure 
qualified and provides record of qualification. 

d. Contractor accepts full responsibility for qualified procedures by signing related 
qualification records with procedure and performance qualifications including all 
dates, results, and associated data. 

2. Brazers’ Qualifications: Ensure that all brazers, or brazing operators employed for this 
project are qualified for all brazing procedures, proposed as part of this Project, in 
accordance with ASME "Boiler and Pressure Vessel Code", Section IX.  Qualification by 
previous employer or technically competent group or agency (subject to approval) may 
be acceptable if following information is included: 

a. Documentation that the previous qualification was for essentially the same 
procedures proposed and was in full accordance with ASME "Boiler and Pressure 
Vessel Code", Section IX. 

b. Copy of performance qualification testing record showing who qualified the 
worker, date of qualification, and work history record showing continuous 
performance to maintain qualification. 

3. Braze Qualification Records: Maintain and sign certified records of approved procedures 
used and approved qualified workers employed for brazed joints performed as a part of 
Contract Work.  Ensure all building services piping brazing work can be traced to a 
specific procedure and welder. 

4. Inspection and Examination by Owner, Remedy by Contractor: Owner reserves right to 
examine, inspect, and test all piping using visual, radiographic, or other recognized 
testing methods to determine compliance with specified quality control requirements and 
requirements of applicable regulatory agencies.   

a. Cost of Owner’s testing of acceptable installation provided at Owner’s expense 
b. Repair piping installations not passing Owner’s quality inspection testing using 

approved method or replace at no additional cost.   
c. Cost of initial testing of piping not conforming to specified requirements and any 

retesting of repairs or replacement work shall be deducted from Contract Sum. 

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. 

PART 2 - PRODUCTS 

2.1 COPPER TUBE AND FITTINGS 

A. Refer to Part 3 for Piping Applications Article. 
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B. 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. Anvil International, Inc. 
2. Cerro Flow Products, Inc. 
3. Mueller Industries, Inc. 
4. S. P. Fittings; a division of Star Pipe Products. 
5. Viega LLC 
6. Victaulic Company of America. 

C. Copper Tubing:  ASTM B 88, Annealed or Drawn Temper, Types M, L, and K. 

D. Copper Tube Fittings: 

1. Solder Fittings 

a. Tees, Elbows, Reducers, Adapters:  ANSI B16.22 streamlined pattern wrought 
copper or ANSI B16.18 cast bronze; solder end connections; ASTM B62. 

b. Unions:  Solder type, cast bronze, ground joint, Class 150. 
c. Cast Bronze Flanges:  ANSI B16.24 Class 150 solder connection flanges, raised 

ground face, ANSI pattern drilled and spot faced bolt holes. 

2.2 JOINING MATERIALS 

A. Solder Filler Metals:  Use solder conforming to ASTM B 32-95; alloy grades Sn96, Sn95, Sn94, 
E, AM, WS; lead free alloys with maximum lead content of 0.1percent by weight, minimum 
solidus temperature of 430 deg. F, and approved for use with potable water. Higher lead content 
solder not acceptable.  Include water-flushable flux according to ASTM B 813. 

B. Brazing Filler Metals:  Select brazing filler metals compatible with piping to be joined:  

1. AWS A5.8 BCuP Series, copper-phosphorus alloys for joining copper with copper only.  

2. AWS A5.8 BAg series, cadmium free silver bearing alloys for joining dis-similar metals 
including copper with any brass, bronze, steel, or stainless steels, or other dis-similar 
brazeable materials. 

2.3 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, designed to join 
dis-similar metallic piping materials with dis-similar metals separated by dielectric material in a 
configuration to minimize galvanic corrosion of the less noble piping material. 

B. 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. Advance Products & Systems, Inc. 
2. Capitol Manufacturing Company. 
3. Central Plastics Company. 
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4. Elster-Perfection Corporation. 
5. Hart Industries International, Inc. 
6. Lochinvar Corporation. 
7. Pipeline Seal and Insulator, Inc. 
8. Precision Plumbing Products, Inc. 
9. Sioux Chief Manufacturing Company, Inc. 
10. Victaulic Company of America. 
11. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 
12. Zurn Plumbing Products Group; AquaSpec Commercial Products Division. 

C. All Materials:  Suitable for system fluid, pressure, and temperature. 

D. Dielectric Nipples: 

1. Galvanized steel nipple with insert of noncorrosive, thermoplastic lining; plain, threaded, 
or grooved ends; and 300-psig minimum working pressure at 225 deg F. 

E. Dielectric Couplings: 

1. Galvanized-steel coupling with insert of noncorrosive thermoplastic lining; threaded 
ends; and 300-psig minimum working pressure at 225 deg F. 

F. Dielectric Unions: 

1. Factory-fabricated union assembly, for 250-psig minimum working pressure at 180 
deg F. 

G. Dielectric-Flange Kits: 

1. Flange assembly kit for field assembly.  Include full-face or ring-type neoprene or 
phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic washers, steel backing 
washers, and appropriately sized bolts and heavy pattern nuts. Provide bolts of length as 
required for full engagement in nuts, of  higher strength if undersized for bolt sleeves as 
required to maintain system working pressure. 

2.4 VALVES 

A. Isolation, Check, Balancing, Vent, and Drain Valves:  Comply with requirements specified in 
Section 23 05 23 -General-Duty Valves for HVAC Piping 

2.5 THERMAL EXPANSION AND 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: 

1. Amtrol, Inc. 
2. Armstrong Pumps, Inc. 
3. Bell & Gossett Domestic Pump; a division of ITT Industries. 
4. Wessels 
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B. Air Separator Assemblies 

1. Tangential Air Separator: Designed, constructed, and ASME stamped for 125 PSIG 
working pressure, 225 deg. F operating temperature minimum, and sized as noted on 
Drawings or, if not noted, for minimum air separation efficiency of 90 percent first pass. 

a. Shell: Centrifugal flow air separation design with minimum three times nominal 
pipe connection diameter and welded steel construction with tangential flanged, 
grooved, or threaded connections, perforated air collector tube with threaded air 
separation fitting, blow down fitting, and hanger fittings. 

b.  Design Make:  "Rolairtrol RL" by Bell & Gossett. 

2.6 HYDRONIC PIPING SPECIALTIES SPECIFIED ELSEWHERE 

A. Meters and Gauges: as specified in Section 23 05 19. 
B. General Duty Valves: as specified in Section 23 05 23. 
C. Hangers and Supports: as specified in Section 23 05 29. 
D. Pumps and Pump Specialties: as specified in Section 23 21 23. 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

A. Closed Loop Hydronic Piping (heating or dual temperature), aboveground, NPS 3 and smaller,: 

1. Type L drawn-temper copper tubing with wrought-copper fittings, and soldered or brazed 
joints. 

B. Makeup-water piping installed aboveground: Type L, drawn-temper copper tubing, wrought-
copper fittings, and soldered or brazed joints. 

C. Blowdown-Drain Piping:  Same materials and joining methods as for piping specified for the 
service in which blowdown drain is installed. 

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. 

3.2 PIPING INSTALLATIONS 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Indicated piping locations and arrangements were used to size piping, calculate 
friction loss, expansion compensation, pump sizing, fill volume, and other design 
considerations.  Install piping generally as indicated unless deviations to layout are approved on 
Coordination Drawings. 
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B. Select system components with pressure rating equal to or greater than system operating 
pressure. 

C. Install piping in concealed locations except in equipment rooms and service areas, unless 
otherwise indicated on drawings: install in walls, pipe chases, utility spaces, above ceilings, etc. 

D. Install piping orthogonal to building walls as possible within constraints required for sloped 
drainage, non-orthogonal building construction, etc.  Diagonal runs are prohibited unless 
specifically indicated otherwise. 

E. Install fittings for changes in direction and branch connections, unless otherwise specified. 

1. Branches two or more sizes smaller than main may be weld-o-let welded to steel pipe and 
brazed to copper using listed mechanically formed outlets similar to “T-drill”. 

2. Minor offsets in copper fin-tube piping required to segment enclosures along curved 
exterior walls may be created by smooth bends in annealed type L or K copper tube.  Do 
not bend fin element. 

3. Mitered elbows, "shaped" nipples, and job fabricated reductions are not acceptable. 

4. Where corridors or other general construction meets at angles other than standard pipe 
fitting angles, provide custom bend angle elbows to match general construction and 
maintain piping orthogonal to building. 

F. Install piping so as to provide for positive drainage and air elimination. 

1. Install straight piping free of sags and bends. Do not install bent piping – remove from 
site. 

2. Install gravity drain lines at uniform slope down in direction of flow.  Maintain maximum 
slope feasible up to one quarter inch rise per foot of run, but  not less than 1% 
(approximately one eight inch per foot). Where height restrictions do not allow for 
minimum required slope, provide for pumped condensate removal as shown.  

3. Install pressurized pumped flow piping at a uniform grade of 0.2 percent upward in 
direction of flow or at otherwise indicated slopes. 

4. Avoid local high and low points where possible.   

5. Install branch connections out the top of mains to serve equipment above mains, and out 
the bottom of mains to serve equipment below, or otherwise as required to provide 
drainage and venting with a minimum of drain and vent fittings.   

6. Provide eccentric pipe size reducers and increasers, installed so as to allow for both 
positive drainage and air elimination.  In general, where piping is sloped up in direction 
of flow, reduce pipe sizes with level side up and increase pipe sizes with level side down. 

G. Install piping allowing for proper servicing of hydronic systems. 

1. Install piping above accessible ceilings to allow sufficient space for ceiling panel 
removal. 
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2. Install piping and specialties with sufficient clearance to allow application of specified 
insulation. 

3. Install valves with sufficient clearance and orientation to permit both ease of operation 
and servicing. 

4. Install dis-assemble able unions, flanges, or mechanical joints on equipment side of 
isolation valve, as required to remove and service all serviceable components without 
system drain-down or cutting piping.  Install unions and flanges in piping,. 

a. Provide unions for NPS 2 and smaller, flanges for NPS 2-1/2” and larger. 

b. Install adjacent to control valves, at final connections of equipment, as required to 
adjust threaded pipe joints after fixed (non-rotatable) joints are made, and 
elsewhere as indicated. 

c. Install out of the line of coil pull, tube bundle removal access space, etc. 

d. Install so sensor wires, thermometers, gauges, etc., need not be rotated, removed, 
or disconnected to service equipment.  

e. Install within two feet of control valves with no elbows between valve and union 
as required for ease of replacement. 

f. One dis-assemble able fitting may be used for two components (ex., both control 
valve and equipment service) if they are separated by no soldered, brazed, or 
welded elbows and no more than three feet of pipe. 

H. Identify piping as specified in Section 23 05 53 - Identification for HVAC Components. 

I. Install sleeves for piping penetrations of walls, ceilings, and floors. 

J. Install escutcheons for exposed piping penetrations of walls, ceilings, and floors. 

K. Install sleeve seals for piping penetrations of concrete walls and slabs.   

3.3 PIPE JOINT CONSTRUCTION 

A. General Pipe Joint Construction:  

1. Cut all pipe ends square. 
2. Ream ends of pipes and tubes removing burrs past original pipe wall to restore full pipe 

ID.  
3. Remove scale, slag, dirt, and debris from both inside and outside of piping and fittings 

before assembly.  
4. Remake leaking joints using new materials. 

B. Threaded Joints:  

1. Provide threaded pipe ends in conformance with ANSI B1.20.1, tapered pipe thread 
standards 
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2. Cut threads full and clean using sharp cutting oil flooded dies.  

3. Note internal length of threads in fittings or valve ends and proximity of internal seat or 
wall to determine pipe threading and align threads at point of assembly. 

4. Apply appropriate tape or thread compound to the external pipe threads (except where 
dry seal threading is specified) and assemble joint “wrench-tight” with paired wrenches, 
one wrench on adjacent pipe and one wrench on valve end where pipe is threaded. 

5. Damaged Threads: Do not use pipe or fittings with torn, corroded or damaged threads.   

6. Do not use portions of pipe where weld opens during cutting or threading operations. 

C. Soldered Joints: 

1. Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," 

2. Square cut tubing to correct length required to fill sockets.  

3. Ream ends and clean surfaces of oils, grease, and oxidation to bright finish with fine sand 
cloth, cleaning pads, or special wire brush. 

4. Apply thin film of solder flux to both surfaces to be joined.   Do not clean, flux and 
assemble joint more than 3 hours before soldering, and do not use acid core, paste type 
solder, or solder flux combinations. 

5. Remove heat-sensitive portions of components prior to soldering. Provide wet rag strip 
heat sink wrapped around stem and seat of valves and protect all components for 
soldering heat damage.  Replace any components with any evidence of heat damage. 

6. Heat joint uniformly and rapidly and fill completely with solder while minimizing 
external and internal over-soldered dripping.  

7. Disassemble joints for inspection of solder penetration as directed.  Remake faulty joints 
at no additional cost. 

D. Brazed Joints:  

1. Comply with the procedures contained in AWS "Brazing Manual", using qualified 
processes and brazing operators according to Part 1 "Quality Assurance" Article. 

2. Remove stems, seats, and packing of valves and accessible internal parts at piping 
specialties before brazing. 

3. Fill the pipe and fittings with an inert gas (i.e. nitrogen or carbon dioxide) during brazing 
to prevent formation of scale. 

4. Heat joints using oxyacetylene torch.  Heat to proper and uniform temperature. 
5. Completely fill sockets with braze materials, and make neat fillets on butt joints. 

E. Flanged Joints:  

1. Select appropriate gasket material, size, type, and thickness for service application.   
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2. Install gasket concentrically positioned, and dielectric kits if flanges join dis-similar 
piping materials.   

3. Align flanged surfaces parallel.   

4. Use suitable lubricants on bolt threads.   

5. Make initial contact of flanges and gaskets flat and parallel with bolts only finger tight, 
then tighten bolts using alternating sequential pattern, gradually and uniformly to full 
torque using torque wrench. 

3.4 HYDRONIC SPECIALTIES INSTALLATION 

A. At each system local or global low point, both in piping and heat transfer elements, and as 
required for complete system drainage, install drain consisting of a tee fitting and drain valve as 
described in Section 23 05 23 – General Duty Valves for HVAC Piping.  

B. At each system local or global high point, both in piping and heat transfer elements, at the end 
of each horizontal run before a drop in elevation, and elsewhere as required for complete and 
serviceable venting of system air, install vent consisting of a tee fitting and air vent as described 
in Section 23 05 23 – General Duty Valves for HVAC Piping. 

C. Install all components of Energy Management and Control System (EMCS) into hydronic 
systems as required for complete EMCS installation and as required by this section maintaining 
integrity if hydronic systems.  Coordinate all locations and quantities with contractor 
responsible for the EMCS – refer to Section 23 09 00 – Instrumentation and Control for HVAC. 

1. Install control valves in accessible locations close to connected equipment or as otherwise 
shown, with dis-assemble able connections. 

2. Install wells for pressure, temperature, and other sensors as shown on details and as 
called for by the sequence of operations.  

D. Install piping to pumps.  Details of near pump piping are specified in Section 23 21 23 – 
Hydronic Pumps 

E. Install piping from air separator to air vent as specified. 

F. Install air separator where shown, in general in high temperature low pressure location similar 
to between boiler outlet and pump suction.  Install blowdown piping full size of air separator 
drain connection, with full-port ball valve; extend full size to point of collection. 

3.5 VALVE APPLICATIONS 

A. Install General Duty Valves (isolation valves, check valves, balancing valves, air vent valves, 
and drain valves) as specified in section 23 05 23 – General Duty Valves for HVAC Piping. 
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3.6 HANGERS AND SUPPORTS 

A. Hanger, support, and anchor devices are specified in Section 23 05 29 "Hangers and Supports 
for HVAC Components". Comply with the following requirements for maximum spacing of 
supports. 

3.7 TERMINAL EQUIPMENT CONNECTIONS 

A. Size supply and return piping run-outs to equipment connections same as shown on the 
drawings.  Where connecting to existing piping run-outs, use same size as existing unless shown 
otherwise. Transition to equipment connection size close to equipment.  If equipment 
connection size is smaller than piping shown, transition to piping size shown immediately with 
no elbows (except reducer elbows) or other fittings closer to the equipment than the required 
transition fitting. 

3.8 CHEMICAL TREATMENT 

A. Refer to Section 23 01 20 – Hydronic Systems Cleaning and Water Treatment. 

3.9 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. 
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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. 
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 23 21 13 
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SECTION 23 21 23 - HYDRONIC PUMPS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Separately coupled, base-mounted, end-suction centrifugal pumps. 
2. Pump Accessories. 

1.3 DEFINITIONS 

A. Buna-N:  Nitrile rubber. 
B. EPT:  Ethylene propylene terpolymer. 
C. SiC: Silicon Carbide. 

1.4 SUBMITTALS 

A. Action Submittals: 

1. Product Data:  Include certified performance curves and rated capacities, operating 
characteristics, furnished specialties, final impeller dimensions, and accessories for each 
type of product indicated.  Indicate pump's operating point on curves.  Demonstrate equal 
or better performance to basis of design equipment in terms of construction, efficiency, 
dimensions, system connections, etc.  

2. Shop Drawings:  Show pump layout and connections.  Include dimensioned setting 
drawings for installing foundation and anchor bolts and other anchorages. 

3. Motor Data:  Motor horsepower, electrical characteristics, and construction details 
demonstrating compliance with requirements. 

4. Machinist’s qualifications. 

5. Pump alignment report. 

B. Closeout Submittals:  

1. Operation and Maintenance Data:  For pumps to include in emergency, operation, and 
maintenance manuals. 

23 21 23 
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1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain hydronic pumps through one source from a single manufacturer. 

B. Machinist Qualifications: Pump alignment machinist shall be a mechanician specializing in 
machine alignment and set-up with demonstrable training and experience achieving the 
tolerances specified, employed independently of the pump manufacturer or selling 
representative.  Include specifications and calibration for alignment equipment proposed for use 
on this project’s alignment work. 

C. Product Options:  Drawings indicate size, profiles, and dimensional requirements of hydronic 
pumps and are based on the specific system indicated.  Refer to specification Section 01 60 00 
"Product Requirements." 

D. 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. 

E. UL Compliance:  Comply with UL 778 for motor-operated water pumps. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Manufacturer's Preparation for Shipping:  Clean flanges and exposed machined metal surfaces 
and treat with anticorrosion compound after assembly and testing.  Protect flanges, pipe 
openings, and nozzles with wooden flange covers or with screwed-in plugs. 

B. Store pumps in dry location. 

C. Retain protective covers for flanges and protective coatings during storage. 

D. Protect bearings and couplings against damage from sand, grit, and other foreign matter. 

E. Comply with pump manufacturer's written rigging instructions. 

1.7 COORDINATION 

A. Coordinate size and location of concrete bases.   

1.8 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. Mechanical Seals:  One extra mechanical seal for each pump. 
2. Filter Cartridges:  Minimum one extra filter cartridge for each pump with filtered flush. 
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PART 2 - PRODUCTS 

2.1 GENERAL PUMP REQUIREMENTS 

A. Materials: Provide materials suitable for fluid, pressures, temperatures, and conditions for each 
application. 

B. Performance: Minimum of design make throughout operating ranges, including capacity, head, 
NPSHR, and efficiency. 

C. Configuration and Characteristics 

1. Provide dynamically balanced pumps for all applications. 
2. Provide tapped connections for pressure gauges at inlet and outlet, and vent and drain 

taps at high and low points. 
3. Arrange for independent machinist to align each base mounted pump. 

D. Motors: 

1. Capable of running continuously without undue noise, heat, sparking, or overloading. 

2. Extra quiet operating, EPAC “Plus” premium efficiencies for base-mounted pumps and 
custom premium efficiency for inline pumps. 

3. Sized as non-overloading at 60 Hz with pump operating at any point on the impeller 
curve. 

4. All three phase motors for use with variable speed drives shall be special application, 
inverter duty design of cast iron TEFC construction.  Inverter duty design features shall 
include an inverter grade Class F insulation system meeting NEMA MG-1, Part 31, Class 
F thermostats, one per phase, premium efficiency design.  Motors shall meet all other 
requirements of this document, the equipment manufacturer, and the adjustable speed 
drive manufacturer, and be rated for this service with the drive and voltage intended. 

E. Pump Seals: Rated for continuous service for the fluid, temperature, conditions, and pressure of 
the required service.  If conditions are not scheduled, verify in field before submitting Bid. 

1. SiC/SiC/EPR Mechanical Seals: Silicon carbide rotating and stationary primary faces, 
bellows of EPT, EPDM, or other elastomer rated for the service, springs and other wetted 
seal parts of stainless steel.  

a. Provide one spare seal for each mechanically sealed pump, same type as specified, 
turned over in sealed manufacturer’s packaging to Owner.  Include receipt with 
seal part numbers and contact information for obtaining additional seals in O&M 
manual. 

2. Stuffing Box Seals:  Packing seal consisting of stuffing box with a minimum of four rings 
of graphite-impregnated braided yarn with bronze lantern ring between center two 
graphite rings, and bronze packing gland. 
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3. Filters: Provide a filtered flush for seals. 

a. Cartridge Filters For Closed Systems: Cartridge type seal flush filters, factory 
installed and capable of 98 percent removal of particles 25 microns and larger.  
Includes in-line sight flow indicator and isolation valves as required to facilitate 
filter changing without system shutdown. 

b. Quantity: Provide minimum 3 filter cartridges for each system; minimum 1 for 
temporary use during system startup and commissioning (change to new filter as 
required during temporary service before final completion), change to new 
cartridge immediately following acceptance of Substantial Completion, and 
provide one spare filter cartridge turned over to Owner for each filtered flush 
system. Include receipt with filter part numbers and contact information for 
obtaining additional filters in O&M manual. 

2.2 SEPARATELY COUPLED, BASE-MOUNTED, END-SUCTION CENTRIFUGAL PUMPS 

A. Manufacturers:  Basis of design is as scheduled. Subject to compliance with requirements, 
available manufacturers offering products that may be incorporated into the Work include, but 
are not limited to, manufacturers specified. 

1. Series 4030 by Armstrong Pumps Inc. 
2. Series e-1510 by ITT Corporation; Bell & Gossett. 
3. Series LF by PACO – Grundfos CBS. 

B. Description:  Factory-assembled and -tested, centrifugal, overhung-impeller, separately coupled, 
end-suction pump designed for base mounting, with pump and motor shafts horizontal.  Rate 
pump for 125-psig minimum working pressure and a continuous water temperature of 225 
deg F. 

C. Pump Construction: 

1. Casing:  Single stage, radially split allowing true back pull out, grade 30 cast iron body, 
bronze fitted construction, replaceable bronze or stainless steel wear rings, threaded gage 
tappings at inlet and outlet, drain plug at bottom and air vent at top of volute, and flanged 
connections.  Provide integrally cast and machined mounting feet with through bolt holes 
to support and secure the casing and attached piping allowing removal and replacement 
of seals and impeller without disconnecting piping or requiring the realignment of pump 
and motor shafts. 

2. Impeller:  ASTM B 584 bronze or stainless steel, precision vacuum cast, closed design 
with pressure balancing internal flush holes, precision machined and finished on all 
surfaces removing burrs and casting irregularities resulting in smooth hydraulically 
efficient surfaces, trimmed as required to meet capacity scheduled, dynamically balanced 
after trimming to ANSI/HI 9.6.4 grade 2.5, secured to shaft with key and locking 
stainless steel cap screw. 

3. Pump Shaft:  Steel, with copper-alloy shaft sleeve, or stainless steel. 
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4. Pump Bearings:  Grease-lubricated ball bearings contained in cast-iron housing with 
grease fittings. 

D. Shaft Coupling:  Molded rubber insert and interlocking spider capable of absorbing vibration.  
Couplings shall be drop-out type to allow disassembly and removal without removing pump 
shaft or motor.  Include EPDM coupling sleeve. 

E. Coupling Guard:  Dual rated; ANSI B15.1, Section 8; OSHA 1910.219 approved; steel; 
removable; attached to mounting frame. 

F. Mounting Frame:  Welded-steel frame and cross members, factory fabricated from 
ASTM A 36/A 36M channels, angles, and plates.  Fabricate to mount pump casing, coupling 
guard, and motor. Include provisions to facilitate solid grouting. 

2.3 PUMP ACCESSORIES 

A. Provide concrete bases for all base mounted pumps. Refer to specification Section 23 05 00 - 
Common Work Results for HVAC and Division 03 for details of required concrete bases. 

B. Provide a pressure gauge for each pump as specified and as detailed. Refer to specification 
Section 23 05 19 – Meters and Gauges for HVAC Systems for details. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions:  Examine conditions under which pumps are to be installed and 
notify Architect in writing of any conditions detrimental to proper and timely installation.  
Correct unsatisfactory conditions as required, and do not proceed with installation until 
unsatisfactory conditions have been corrected in an acceptable manner. 

1. Insure equipment foundations and anchor-bolt locations are in compliance with 
installation tolerances and other conditions affecting performance of work and service 
access. 

2. Examine roughing-in for piping systems to verify actual locations of piping connections 
before pump installation. 

3. Examine foundations and inertia bases for suitable conditions where pumps are to be 
installed. 

B. Beginning installation constitutes Contractor’s acceptance of substrates and conditions required 
to ensure proper and timely installation and to ensure requirements for applicable warranty or 
guarantee can be satisfied. 
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3.2 PUMP INSTALLATION 

A. Install in accordance with manufacturer's specific recommendations and in accordance with all 
related sections of technical specifications.  Obtain manufacturer's instructions and follow them, 
using the instructions written below as a minimum standard for comparison. 

B. Install pumps with access for periodic maintenance including removal of motors, impellers, 
couplings, and accessories. 

C. Support piping adjacent to pump connections independently of pumps such that load from 
piping is not transmitted through pumps.  

D. Base mounted pump mounting: Install all base mounted pumps as follows in the sequence 
written. 

1. Install concrete bases of proper dimensions and configuration as specified for pumps and 
controllers.   

2. Install pumps on a concrete base as outlined in Division 23 Section “Common Work 
Results for HVAC”. 

a. Set adjustable internally threaded concrete inserts at appropriate bolt-down 
locations before pouring equipment bases. 

b. Be responsible for accurate size of base and exact location of mounting bolts. 
c. Disconnect coupling before setting.  Do not reconnect couplings until alignment 

procedure is complete. 

3. Fasten all pump bases to concrete bases with foundation bolts. 

a. Insure that the pump suction and discharge flanges are orthogonal to the structural 
base of the pump without shimming.  Securely tighten all pump volute mounting 
bolts to the pump base, and use the discharge flange surface for leveling and the 
pump base rails for lateral alignment of the pump to the system.  Align the motor 
to the pump after the pump base is properly grouted. 

b. Properly level each pump base. Use metal wedges and/or shims set on both sides 
of every bolt.  Make a minimum gap of three times the grout aggregate size or 1/2-
inch, whichever is greater. 

c. Securely tighten all pump base bolts. 

d. Remove projecting parts of wedges and shims. 

4. Properly grout the complete base. 

a. Fill all pump bases with grout conforming to CRD-C-621-80 "Corps of Engineers 
Specification for Non-Shrink Grout", and as detailed in Division 03. 

b. Fill base through grouting holes provided in baseplate. 
c. After grout has hardened for a minimum of seven (7) days, re-tighten all pump 

foundation bolts and only then align pumps. 



Tetra Tech HYDRONIC PUMPS 

Architects & Engineers Project No.  203778-21001 23 21 23 /  Page 7 

5. Align pumps. 

a. Engage an INDEPENDENT MACHINIST to align and verify alignment of each 
pump and to certify and deliver report on measured alignment tolerances achieved. 

b. Submit machinist's name, business address, and qualifications. 

c. Do not pipe or start up any pump until after alignment is complete and correct. Do 
not align pumps until pumps are installed on concrete bases and grouted as 
specified above. 

d. Align all pumps by moving the motor with respect to the fixed impeller housing. 

e. If the impeller housing flanges are substantially out of level and/or alignment with 
respect to the system, bring them into alignment using a minimum of shims and an 
appropriate thinset grout before aligning the motor. 

f. Motor shaft to impeller shaft alignment tolerances: 

1) Align to the stricter of: 

a) Manufacturer’s printed alignment tolerances. 
b) 0.004-inch total indicator reading (TIR) radial and 0.004-inch TIR 

angular at 3-inch radius. 

g. After pumps are aligned, install dowels to prevent shifting and properly re-install 
coupling and guard. 

h. Within two business days of alignment, submit a written report certified by 
machinist guaranteeing that alignment is complete and stating the alignment 
tolerances required and obtained. 

i. Contractor is responsible for trouble resulting from poor pump alignment. 

6. Connect the pipe system to the pumps: 

a. Install inlet suction diffusers for all end suction pumps with support legs adjusted 
to prevent any strain on the pump inlet. 

b. Install pipeline flexible connectors at each suction (diffuser) and discharge port of 
each pump.  Independently support pumps and piping so weight of piping is not 
supported by pumps and weight of pumps is not supported by piping. 

c. Pipe as required by the detail pump connection drawings, including all valves, 
fittings, gauges, and controls. 

7. Three operating months later, have the machinist recheck all alignments, recording data,  
correcting any changes, and reporting in writing to the Contractor and Architect all data 
and offering an interpretation of the cause and significance of the changes.  

8. Submit letter attesting to completion of alignment. 
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E. Adjust GPM of each pump to capacity called for during balancing. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to machine to allow service and maintenance. 

C. Connect piping to pumps.  Install isolation valves on both suction and discharge that are same 
size as piping shown approaching the pumps, prior to any size change required at pump 
connections. 

D. Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles. 

E. Install triple-duty valve on discharge side of pumps. 

F. Install suction diffuser on suction side of all base mounted pumps. 

1. Install suction diffuser on suction side of in-line pumps where a minimum of five pipe 
diameters straight line size pipe cannot be maintained at and in line with pump inlet. 

G. Install flexible connectors on suction and discharge sides of base-mounted pumps between 
pump casing and valves. 

H. Install pressure gauges on pumps as specified. 

I. Install electrical connections for power, controls, and devices in accordance with section 23 05 
13 – Common Electrical Requirements for HVAC, and Division 26.  

3.4 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

1. Complete installation and startup checks according to manufacturer's written instructions. 

2. Check piping connections for tightness. 

3. Clean strainers on suction piping. 

4. Perform the following startup checks for each pump before starting: 

a. Verify bearing lubrication. 

b. Verify that pump is free to rotate by hand and that pump for handling hot liquid is 
free to rotate with pump hot and cold.  If pump is bound or drags, do not operate 
until cause of trouble is determined and corrected. 

c. Verify that pump is rotating in the correct direction. 
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5. Prime pump by opening suction valves and closing drains, and prepare pump for 
operation. 

6. Start motor. 

7. Open discharge valve slowly. 

END OF SECTION 23 21 23 
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SECTION 23 31 00 - DUCTWORK 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Sheet metal duct materials and construction. 
2. Sheet metal duct fittings materials and construction. 
3. Ductwork ancillary components materials and construction. 

B. Related Sections 

1. Section 23 05 29 – Hangers and Supports for HVAC Components. 
2. Section 23 07 00 – HVAC Insulation. 
3. Division 23 sections covering fans and air handling equipment. 

1.3 DEFINITIONS 

A. Aspect Ratio: The ratio of duct width to height. 

B. Hydraulic Radius: The ratio of duct cross section area to perimeter, or practically, a term used to 
define flow resistance of duct with differing aspect ratios, with resistance to flow being 
approximately proportional to hydraulic radius. 

C. NRC: Noise Reduction Criteria 

D. Offset: A change in the duct centerline location but not direction occurring within one piece of 
duct. 

E. RGD: Registers, Grilles, and/or Diffusers 

F. STC: Sound Transmission Class 

1.4 PERFORMANCE REQUIREMENTS 

A. Provide duct system able to withstand the loads and stresses described in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible" and these contract documents. 

B. Fabricate ductwork able to withstand the forces imposed by the support and restraint system. 

23 31 00 
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1.5 SUBMITTALS 

A. Comply with requirements of SECTION 01 33 00 - Submittals and as modified below. 

B. Identify in writing, any proposed deviations from contract Drawings and Specifications. 

1. Highlight all changes from plans required by obstructions and job conditions. 
2. Bring any proposed deviations from contract plans and specifications to Architect's 

attention in writing, by separate letter attached to submittal with proposed deviations, along 
with samples for clarification, demonstrating benefit to Owner. 

C. Product Data: Submit for approval annotated Shop Construction Standards showing upgrades as 
required for conformance in detail to specifications for all factory and shop fabricated air ducts, 
components, and accessories. 

1.6 CLOSEOUT SUBMITTALS 

A. Contract Closeout Submittals:  Comply with requirements of SECTION 01 77 00 – Closeout 
Procedures, including submission of operating and maintenance instructions as item in "Operating 
and Maintenance Data" manual described in that section. 

B. Field quality-control reports – duct leakage, duct cleanliness. 

1.7 QUALITY ASSURANCE 

A. Provide ductwork by experienced and approved workers specializing in sheet metal fabrication 
and installation in accordance with the stricter of the below referenced standards and the 
requirements outlined in these contract documents. 

B. Referenced Standards  

1. The latest editions of the publications listed below form a part of this specification to the 
extent referenced. The publications are referenced in the text by the basic designation only.  

2. Sheet Metal and Air Conditioning Contractors National Association (SMACNA):  

a. HVAC Duct Construction Standards, Metal and Flexible 

PART 2 - PRODUCTS 

2.1 DUCT MATERIALS 

A. General Material Requirements:   

1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 
acceptable materials, material thicknesses, and duct construction methods unless otherwise 
indicated. 
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2. Provide sheet metals per mill specs and free of pits, voids, seam or roller marks, stains, 
discolorations, inadvertent bends and kinks, and other imperfections. 

B. Standard Supply, Return and Exhaust:  Galvanized steel, ASTM A-653/653M G90, lock forming 
quality, unless otherwise specified. 

2.2 RECTANGULAR DUCTS AND FITTINGS 

A. Conform to appropriate SMACNA rectangular duct reinforcement tables and figures for the 
velocity-pressure classification duct construction required as defined in part three of this 
document, and additionally as follows. 

1. Seal all joints and seams in accordance with SMACNA seal classification required for duct 
in question. 

a. Additionally, seal field assembled longitudinal seams for seal class B duct. 

2. Transverse Joints:  in accordance with SMACNA's "HVAC Duct Construction Standards 
- Metal and Flexible," Figure for "Rectangular Duct/Transverse Joints". 

a. For all duct requiring reinforcement, provide SMACNA T-24 or T-25 type flanged 
duct connection system at traverse joints. 

1) Joints may be factory manufactured slip on type or integrally shop fabricated 
onto the duct sheet metal on machinery designed for that purpose. Corner 
closure pieces are required at each corner. 

2) Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering pre-manufactured slip on reinforcement products that 
may be incorporated into the Work include, but are not limited to, the 
following: 

a) Ductmate Industries, Inc, or equal. 
b) Lockformer TDC or equal. 
c) Nexus PDQ type G or J or equal. 

3. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular 
Duct/Longitudinal Seams," 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." 

4. Tie rods are not permitted on duct or plenums narrower than 72”.  Where an option for tie 
rod or heavier gauge sheet metal / shorter joint length / higher category reinforcement is 
presented in table, the heavier, shorter, more reinforced duct with no tie rods is required. 

B. Offsets: 

1. Where offset dimension is equal to or less than 0.2 times duct dimension in plane of offset, 
offset may be angled at maximum 15 degrees (SMACNA type 1). 
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2. Where offset dimension is greater than 0.2 times duct dimension in plane of offset 
(example: 10 x 20 duct offset in plane of 10" dimension greater than 2 inches), offset to 
consist of paired curved elbows, each of the required angle, combined into one fitting 
(SMACNA type 3). 

a. Conform to elbow requirements as indicated below. 
b. Offset may be replaced with paired curved elbows if required for installation, 

otherwise provide combined fitting. 

C. Transitions of shape or cross section: 

1. Reductions in cross section shall have a maximum included cone angle of 60 deg., with a 
maximum single side angle of 45 deg. from axial, unless otherwise specified in writing. 

2. Transformations of section without a net reduction of cross section shall have no section 
of reduced hydraulic radius nor any local expansion of more than 15 deg. net included cone 
angle, as defined by ASHRAE and SMACNA. 

3. Expansion sections, unless specifically drawn and noted otherwise, shall have: 

a. No section of reduced hydraulic radius 
b. No section of local expansion of more than 15 deg. net included cone angle. 
c. No single side expansion angle of more than 15 deg. from axial unless otherwise 

specified in writing. 

D. Elbows: 

1. Make all changes in direction (as opposed to offsets above where direction remains the 
same) regardless of angle with elbow fittings unless specifically drawn and noted 
otherwise. 

2. Curved Rectangular Elbows: 

a. Along critical pressure drop paths, provide curved rectangular elbows.  

1) Critical pressure drop paths shall be as indicated on drawings or if not 
indicated shall be considered to be entire duct run from air handling unit along 
mains to or from furthest terminal.  Systems with more than one main branch 
shall be considered to have more than one critical pressure drop path. 

2) Provide critical path elbows with throat radius not less than dimension of duct 
in plane of radius or use smaller inner radius elbows with splitter vanes such 
that the ratio of inner to outer radius of curvature of any section of the elbow 
shall not be less than 1/2. 

b. Along non-critical pressure drop paths, curved rectangular elbow radius 
requirements may be relaxed to a throat radius not less than one half the dimension 
of the duct in plane of radius or use smaller inner radius with splitter vanes such that 
the ratio of inner to outer radius of curvature of any section of the elbow shall not be 
less than 1/3. 



Tetra Tech DUCTWORK 
Architects & Engineers Project No. 203778-21001 23 31 00 / Page 5 

c. Construct all curved elbows of increasing or decreasing cross section in accordance 
with critical pressure drop path criteria. 

d. Fabricate splitter vanes per SMACNA Duct Manual construction standards. 

3. Mitered rectangular elbows  

a. Only elbows not along critical pressure drop path may be of curved or mitered 
construction. 

b. Mitered rectangular elbows with angle of bend under 15 deg. may have miter at duct 
end similar to SMACNA type 1 offset. 

c. Provide turning vanes in mitered rectangular elbows with angle of bend over 15 
degrees. 

d. Mitered elbows with angle of bend over 100 deg. or less than 80 deg. shall not use 
commercially available 90 deg. turning vanes 

E. Duct Branches: 

1. Install branches, inlets, and outlets so that air turbulence is reduced to a minimum and air 
volume properly apportioned. Install airflow adjustment devices at all junctions to permit 
adjustment of the amount of air entering or leaving the branch. 

2. Where a duct branch is to handle more than 25 percent of the air handled by the duct main, 
use a complete elbow as specified, assembled into a single fitting with the main duct. Size 
the separate branch and remaining main as shown on the drawings, and partition the 
division of the combined duct such that each of the branch and main have the same velocity, 
with cross sectional area proportional to the respective airflow. Join the leading / trailing 
edge where the branch and main meet airtight via welding or brazing. 

3. Where a duct branch is to handle less than 25 percent of the air handled by the duct main, 
construct the branch connection with a 45 degree side take-off with volume damper in 
branch line close to takeoff. Round branches off of rectangular main, use 45 deg. entry 
takeoff with integral transition to round. 

a. Supply: increase duct dimension on upstream side of branch by 25 percent, 
minimum 4 inch. 

b. Return: increase duct dimension on downstream side of branch by 25 percent, 
minimum 4 inch. 

c. Multiple flow direction takeoffs: provide twin entries or bell mouths.  

4. Where an air-diffusion device is shown as being installed in close proximity to (less than 
one main duct width) the side, top, or bottom of a duct, provide a commercially 
manufactured vaned volume extractor fitting to allow adjustment of the air quantity and to 
provide an even flow of air across the device it services. 

2.3 ROUND AND FLAT-OVAL 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. 
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B. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal Seams," 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", 
and as follows: 

1. Spiral lock seam duct: 

a. Machine locked spiral seams with or without formed standing reinforcement ribs. 
b. Leakage through the duct wall and joints certified no greater than design make. 
c. Provide minimum 12 ft. long un-joined lengths, except where interrupted by fittings. 

2. Longitudinal seam duct shall have fusion-welded butt seams. 

a. Fabricate round ducts larger than 90 inches in diameter with butt-welded 
longitudinal seams. 

b. Fabricate flat-oval ducts larger than 72 inches in width (major dimension) with butt-
welded longitudinal seams. 

3. Snap-lock seam duct: 

a. Limit snap-lock construction components and systems to concealed round duct run-
outs to individual diffusers, registers, and grilles, in sizes 12 inch and under, with all 
transverse and longitudinal seams sealed. 

b. Longitudinal seams field assembled by interlocking machine formed sprung tabs, 
with sealant brushed on before and after assembly. 

c. Provide minimum 10 ft. long un-joined lengths, except where interrupted by fittings 
or shorter lengths are required to work through existing structure. 

C. Transverse Joints - Select joint types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse 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", 
and as follows: 

1. 24 in. diameter and less: slip fit collars or sleeve couplings, reinforced by rolled beads, 
insertion length 2 inch.  Secure with hexagon head drill point screws or other approved 
mechanical fasteners 6 inch o.c. max and duct sealant. 

2. Over 24 inch to 42 inch diameter, general, concealed joints:  Provide roll formed, welded 
angle ring flanges similar to SMACNA T-24 or T-25 configuration.  Attach flange to duct 
with internal stitch or button welds 6 inch o.c. max and duct sealant.  Size angle ring gauges 
per SMACNA recommendations.  Secure with #10 “Tec” screws 6 inch o.c. maximum, 
seal with closed cell gasket. 
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3. Exposed over 24 inch diameter, all over 42 inch diameter: two piece angle ring flanges, 
loose fit outer ring in a "Van Stone" configuration.  Provide a 5/8 inch flange inner ring as 
a gasketing surface for sealing, integrally rolled or attached to the pipe with internal button 
or stitch welds 6 inch o.c. max and duct sealant. Provide outer rolled, welded angle ring 
sized per SMACNA recommendations.  Secure with bolts 8 inch o.c. maximum, seal with 
closed cell gasket. 

D. Elbows: 

1. Fabricated to a centerline radius of minimum 1.5 times the cross-section diameter. 

a. Where space constrictions do not allow specified centerline radius or where shown 
as such on drawings only, provide mitered elbow of fully welded construction with 
single thickness turning vanes spaced 3 inch o.c. max. 

2. For use with snap-lock round duct, where allowed as described above:  Gored adjustable 
elbows, seal adjustable joints after installation. 

3. For standard bends (ex. 45 deg. and 90 deg.), diameters through 9 inch:  Two-section 
stamped and welded 22 ga. elbows. 

4. Diameters 10 inch through 30 inch, any angle:  Gored standing seam construction similar 
to United McGill “UNI-SEAM”.  Less than 36 deg. - two gores, 36 deg. to 72 deg. - three 
gores, over 72 deg. - five gores. 

5. Diameters over 30 inch and odd angles under 10 inch:  Gored construction with gores stitch 
welded 6 inch o.c. max and sealed with duct sealant.  Less than 35 deg. - two gores, 36 
deg. to 71 deg. -three gores, over 71 deg. - five gores. 

E. Tees and Lateral Branches:  Select types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and 
Figure 3-6, "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", and as follows: 

1. Bull-Headed Tees:  

a. Provide wye fitting with subsequent partial bend elbows for critical run bull-headed 
tees. 

b. Provide capped main and twin lateral branches as described below for general 
purpose bull-headed tees.  

c. Provide “bird-mouthed” fitting with turning vanes only where space restrictions 
require and where specifically shown as such on the drawings. 

2. Fabricate lateral tees and all branches with fittings as described herein: 

a. Fabricate to longitudinal welded duct standards.  Where possible, provide gored 
standing seam construction similar to United McGill “UNI-SEAM”, otherwise stitch 
or button welded or riveted. Seal all joints. 
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b. Fitting entrance free of weld build-up or spatter, burrs, or irregularities, not 
projecting into either the main or branch runs. 

c. Provide manual volume damper at all branch connections. 

d. Typical round branch connections to round main duct, provide 45 deg. reducing 
lateral takeoff fitting, with subsequent elbow resulting in required branch angle to 
main. 

1) Where space restrictions do not permit this combination, provide 90 deg. 
angled rectangular to round takeoff fitting “birdmouthed” to main, or conical 
takeoff with similar loss coefficient. 

2) For critical run (ie. maximum pressure drop) round branch connections to 
round main ductwork, provide high performance 45 deg. reducing conical 
lateral takeoff fitting, with subsequent elbow resulting in required branch 
angle to main.  

3) Exposed, duct side mounted register connections may be tapped into side wall 
of length of duct. Where an air-diffusion device is shown as being installed in 
close proximity to (less than one main duct width) the side, top, or bottom of 
a duct, provide a commercially manufactured vaned volume extractor fitting 
to allow adjustment of the air quantity and to provide an even flow of air 
across the device it services. 

F. Turning Vanes: 

1. As described for mitered rectangular elbows of unequal inlet and outlet cross section above.  

G. Offsets: 

1. All offsets to consist of paired curved elbows, each of the required angle, combined into 
one fitting. 

H. Transitions of shape or cross section and duct entries: 

1. As described for rectangular duct above. 

2.4 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. 
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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. 

2.5 HANGERS AND SUPPORTS 

A. Provide complete system of Air Duct Hangers and Supports as required by the Air Duct systems 
included.  Refer to Section 23 05 29 – “Hangers and Supports for HVAC Components” for details 
of Hanger and Support requirements for Air Ducts and associated components. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine conditions under which duct work is to be installed for compliance with requirements 
for proper installation. 

1. Check all drawings for detailed information and locations and field verify all conditions 
affecting installation. 

2. Notify Architect in writing of any conditions detrimental to proper and timely installation.   
3. Obtain Architect’s approval before fabrication of any changes in size required by 

obstructions and job conditions. 
4. Proceed with installation only after unsatisfactory conditions have been corrected in an 

acceptable manner. 
5. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 DUCT FABRICATION 

A. Fabricate and install as shown on Drawings and in manner coordinated with all construction 
requirements. 

B. Sizes shown on plans are clear inside duct dimensions representing the design hydraulic radius of 
the duct. Generally, fabricate ductwork of sizes shown on plans. During field verification, confirm 
that duct of aspect ratio shown fits within general construction constraints coordinated with all 
other trades.  Adjust aspect ratio, joint spacing, reinforcement, etc., as required during 
coordination process to fit duct of equivalent hydraulic radius where shown.  If duct of reduced 
hydraulic radius is required due to field conditions, submit RFI for direction before proceeding. 

C. Fabricate all ductwork to the SMACNA pressure classification reinforcement standards shown 
on the drawings and to the following minimum standards. 

1. Fabricate duct to pressure classification as required by the system supply or return 
operating pressure listed on the drawings, minimum plus or minus two (2) inch water 
column. 
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D. Deliver and store all duct with duct interior clean and all openings sealed with film designed for 
the purpose of keeping uninstalled duct clean. Unless section of duct is being actively extended 
during construction, keep all openings and RGD properly sealed and prevent entrance of dust, 
dirt, construction debris, etc. 

E. Extend all access openings, damper rods, and levers to outside of external insulation for 
convenience of operation and maintenance. 

F. Provide all necessary transitions, fittings, aspect ratio changes, etc., as required to install duct 
work.  Where aspect ratio changes are required to fit within structural or other existing 
construction constraints, provide duct of equal or larger hydraulic radius.  

3.3 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. Provide all necessary openings, sleeves, hanger inserts, chases, recesses, etc., in general 
construction work.  Coordinate duct openings provided by others in ample time to avoid delays. 

D. Provide collars to trim all duct openings in general construction work. 

E. Make final ductwork connections to equipment where indicated on the drawings. 

F. Install ductwork in all spaces as high as possible and in locations to avoid interference with 
recessed lights, piping, general construction, etc. 

G. Install round and flat-oval ducts in maximum practical lengths. 

H. Install ducts with fewest possible joints. 

I. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch 
connections. 

J. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines. 

K. Install ducts close to walls, overhead construction, columns, and other structural and permanent 
enclosure elements of building. 

L. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness. 

M. 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. 
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N. Protect duct interiors from moisture, construction debris and dust, and other foreign 
materials.  Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under 
Construction," Appendix G, "Duct Cleanliness for New Construction Guidelines." 

3.4 DUCT SEALING 

A. Make system air tight / water tight as required and approved, replacing any poor joints or careless 
work.  Fabricate ductwork to the following SMACNA leakage standards: 

1. Seal Class B – 2 inch w.g. and less general supply, return, and exhaust ductwork.  

3.5 HANGER AND SUPPORT INSTALLATION 

A. Comply with the requirements of the following: 

1. SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5, 
"Hangers and Supports." 

2. Section 23 05 29 – Hangers And Supports for HVAC Components. 

B. Comply with the additional requirements below: 

1. SMACNA load tables do not provide for external loads on duct: provide for 200 lb external 
load on all duct hangers and supports.  Increase hanger and support sizes from SMACNA 
tables accordingly: 

a. Minimum band size 20ga. x 1 inch. 

b. Duct 48” wide and larger; provide trapeze style support of metal channel framing or 
angle iron, suspended from threaded rods. 

c. Hanger bands to extend down sides and turn under bottom 1 inch minimum for all 
duct sizes. Minimum (2) #10 sheet metal screws per hanger (one each on side and 
bottom), (2) screws minimum on sides for duct over 12 inches tall, 12 inches on 
center max. 

2. Hangers Exposed to View:   

a. Rectangular duct: threaded rod and angle or channel supports. 
b. Round duct: twin half round bands 14 ga min., and threaded rods. 

3. Provide hangers and supports within 24 inches of each elbow and within 48 inches of each 
branch intersection. 

4. 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. 

5. Do not allow flexible duct to rest on general construction. Support flexible duct at 
maximum 3 feet on center. 
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3.6 START UP 

A. Air Balance:  Comply with requirements in Section 23 05 93 - "Testing, Adjusting, and Balancing 
for HVAC." 

END OF SECTION 23 31 00 
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SECTION 26 05 00 – COMMON WORK RESULTS FOR ELECTRICAL

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section and to all of Division 26.

1.2 SUMMARY

A. Section Includes:

1. General requirements applicable to components and systems included in Electric 
Contract. 

B. Products Installed but Not Furnished Under This Section

1. Make electrical connections to equipment shown on Drawings and furnished by other 
Contractors.   Obtain approved wiring diagrams and location drawings for roughing in 
and final connections from Contractor furnishing equipment. 

1.3 REFERENCES 

A. AIA American Institute of Architects
B. ADA Americans with Disabilities Act
C. AISC American Institute of Steel Construction
D. ANSI American National Standards Institute
E. ASTM ASTM International
F. IBC International Building Code
G. IEEE Institute of Electrical and Electronics Engineers, Inc. (The)
H. IES Illuminating Engineering Society of North America
I. NEC National Electrical Code
J. NEMA National Electrical Manufacturers' Association
K. NETA International Electrical Testing Association
L. NFPA National Fire Protection Association 
M. UL Underwriters' Laboratories, Inc.

1.4 DEFINITIONS

A. “Existing”: Equipment depicted on Drawings with an “E” designation denotes existing 
equipment to remain.  

26 05 00
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B. “Relocate”: Equipment depicted on Drawings with an “RL” designation denotes existing 
equipment to relocate.  Disconnect equipment, remove circuitry to a point beyond demolition 
and tag for reuse, store equipment for reuse and reinstall as specified in Contract Documents.  
Modify/extend circuitry to new equipment locations and reconnect.  The Contractor is 
responsible for protecting equipment from damage during removal, storage and reinstallation.

C. “Replace”: Equipment depicted on Drawings with an “R” designation denotes existing 
equipment to replace.  Refer to relevant Project Manual Specification for additional information 
and requirements.

1.5 SYSTEM DESCRIPTIONS 

A. Inspection of Existing Systems:  Inspect each existing system scheduled for modification in 
presence of Authorized Owner’s Representative and issue a deficiency report to Owner and 
Architect listing conditions found prior to any removals, relocations, or additions. Modified 
systems include (but are not limited to):

1. Power distribution
2. Lighting
3. Communications distribution
4. Public Address System
5. Fire Alarm System
6. Clock System

B. Design Requirements - Provide complete systems, properly tested, balanced, and ready for 
operation including necessary details, items and accessories although not expressly shown or 
specified, including (but not limited to): 

1. Wiring and raceway for work specified in Project Manual and shown on Drawings.

2. Electrical devices and equipment for work specified in Project Manual and shown on 
Drawings.

3. Systems included, but not limited to: 

a. Electrical distribution
b. Electrical connections
c. Lighting
d. Communications System
e. Fire Alarm System

C. Electric Layouts:  Arrange panels; disconnect switches, enclosed breakers, equipment, 
raceways, and similar components neatly, orderly and symmetrically.  Provide 3/4-inch fire 
treated, gray painted plywood backboards for surface mounted panels, disconnect switches, 
enclosed breakers, and similar equipment.  Arrangements shown on Drawings are diagrammatic 
only; provide and adjust raceways, wiring, and other components as required.
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D. Power Interruptions and Scheduled Outages:  Coordinate scheduling of all power interruptions 
and outages with Owner.  Confirm with Owner prior to interruption of power, which building 
systems are considered critical and must remain operational during the interruption.  If a 
scheduled power outage is to extend beyond one standard workday, provide temporary power to 
operate critical building systems (including, but not limited to fire alarm system, security 
system, building access control system, and building energy management control system).

1.6 SUBMITTALS

A. General Division 26 submittal requirements: 

1. Comply with requirements of SECTION 01 33 00 – SUBMITTAL PROCEDURES and 
as modified below.

2. Product Data: Submit product data for items listed in individual technical section.  
Clearly identify manufacturer, pertinent design, function, materials, construction and 
performance data specifically addressing specification description and Contract 
Document requirements of item. Strike out products that are not applicable to item being 
submitted, where more than one product is indicated on manufacturer product literature.

a. Cover Sheet: Attach cover sheet, identified in Section 01 33 00, to Product Data of 
each item submitted.  Provide cover sheet for only one type of item with related 
accessories, equipment with related components. Do not combine unrelated items 
under the same cover sheet.

b. Specified Equivalent Product Data: Submit manufacturer’s product information 
including product literature, technical specifications and descriptions, performance 
data and, and similar items to demonstrate compatibility with Basis-of-Design 
Equipment as specified in the “Part 2 – Products” of each technical section. 

3. Shop Drawings: Submit detailed drawings for electrical equipment layouts, showing 
exact sizes and locations for approval before beginning work. 

a. Do not proceed with installation of systems in each area until agreement is reached 
with all concerned on exact arrangements for each room or area, unless otherwise 
directed by Architect. If Contractor proceeds prior to resolving conflicts, 
Contractor shall modify installed Work as required to permit other systems to 
proceed with a coordinated installation. 

b. Specified Equivalent Drawings: Submit detailed drawings of proposed Specified 
Equivalents, indicating proposed installation of equipment and showing 
maintenance clearances, required service removal space other pertinent revisions to 
arrangement and configuration shown in Contract Documents. 

4. Samples: On all submittals, indicate standard factory color and factory finish surfaces. 
Where more than one color is available, selection will be made by Architect from 
manufacturer’s full range of colors. Electronically transmitted color samples are not 
acceptable.
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1.7 ACTION SUBMITTALS

A. Product Data:  For each type of product. Include construction details, material descriptions, 
dimensions of individual components and profiles, and finishes for sleeves and sleeve seals. 
Include rated capacities, and furnished specialties and accessories.

1. Penetration firestopping materials.
2. Penetration firestopping assembly drawings.

1.8 QUALITY ASSURANCE

A. Regulatory Requirements:

1. Codes and Standards:  Comply with applicable Federal, State and local building and 
electrical codes, laws, ordinances, and regulations, and comply with applicable NFPA, 
National Electrical Code and utility company requirements and regulations. Provide 
Underwriters Laboratories Seal on all materials.

2. Permits and Inspections: Obtain approvals, tests, and inspections required by Architect, 
Engineer, local electrical inspector, agent or agency specified in Project Manual, or 
National, State, or local codes and ordinances.

a. Schedule electrical inspection by an agency acceptable to the local authority 
having jurisdiction and submit final inspection certificate to Architect.

b. Furnish materials and labor necessary for tests and pay costs associated with tests 
and inspections.

c. Conduct tests under load for load balancing and where required by codes, 
regulations, ordinances, or technical Specification.

3. Electrical Components, Devices, and Accessories: UL Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction 
and marked for intended use. 

1.9 DELIVERY, STORAGE AND HANDLING

A. Storage and Protection:

1. Take precautions to store materials and products to protect finishes and not permit dust 
and dirt to penetrate equipment.

2. Replace equipment damaged beyond reasonable repair as required by Architect. 
3. Refinish any equipment with marks, stains, scratches, dents, and other aesthetic damage 

that doesn’t impede operation of equipment as required by Architect. 
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1.10 COORDINATION OF WORK

A. Existing Construction:  

1. Unless otherwise specified, employ Contractor responsible for General Work for all 
cutting, patching, repairing and replacing of general work required for installation of 
systems and components included in Electric Work.  Secure approval from Architect’s 
representative before cutting.

2. Anchor Bolts:  Deliver to Contractor responsible for General Work anchor bolts required 
for Electric Work construction that are to be installed in construction included in General 
Contract.  Provide templates or holding fixtures as required to maintain proper accuracy. 

3. Access Doors: Provide access doors shown on Drawings, or as required for access to pull 
boxes, junction boxes, relays and other electrical devices requiring periodic inspection, 
adjustment or maintenance, where located above or within inaccessible walls or ceilings, 
and including cutting and patching of adjacent walls and ceilings to match existing 
materials and finishes.

1.11 ALTERATION PROCEDURES 

A. In locations where existing devices are indicated to be disconnected and removed and existing 
power circuit or communications cable is not scheduled to be reused:

1. Remove circuit conductors back to source.

2. Modify panel directory for that circuit.

3. Remove all existing exposed and unexposed accessible raceway.

4. Provide blank cover plates or wall infill (as indicated on plans) and as described below:

a. For single gang and multi-gang switch boxes in public or occupied spaces; 
stainless steel coverplates.

b. For single gang and multi-gang boxes in un-occupied spaces; stainless steel, 
galvanized steel or PVC coverplates.

c. For boxes larger than standard switch boxes in public or occupied spaces; remove 
existing box and provide wall infill, matching existing sub-surface and finished 
surface conditions.  Paint wall to match surrounding finishes.  

d. For boxes larger than standard switch boxes in un-occupied spaces; 18 gage 
galvanized sheet metal coverplate with machined edges.  Prime and paint to match 
surrounding finish conditions.  

5. Patch and paint existing walls where disturbed by the electrical work. 
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B. In locations where existing devices are to remain in place, ensure circuits feeding such devices 
remain operational.  Modify existing circuits as required to allow new construction to occur and 
to maintain necessary circuitry to existing devices for complete and proper operation.

C. In locations where entire existing system is being removed or modified:

1. Refer to individual system specification sections for documentation and inspection 
requirements prior to any alteration work on any system.

2. Take all necessary measures to ensure that down time will not compromise safety.
3. Notify Owner, Architect and other Contractors not less than 2 weeks prior to 

interruptions in service.
4. Coordinate work schedule to minimize duration of system outage during hours when 

building is occupied.

PART 2 - PRODUCTS

2.1 PENETRATION FIRESTOPPING

A. Submit Manufacturers Product Data Sheets for each type of product selected. Certify that 
Firestop Material is free of asbestos and lead paint and complies with local regulations.

1. Certification by firestopping manufacturer that products supplied comply with local 
regulations controlling use of volatile organic compounds (VOCs) and are nontoxic to 
building occupants.

B. Submit system design listings, including illustrations from qualified testing and inspection 
agency that is applicable to each firestop configuration.

C. Submit a project specific Penetration Firestopping Schedule indicating where each firestop 
configuration will be used.

PART 3 - EXECUTION

3.1 CUTTING AND PATCHING 

A. Do not cut waterproofed floors or walls for admission of any equipment or materials and do not 
pierce any structural members without written permission from Architect. 

B. Furnish and install sleeves, inserts, panels, raceways, boxes, and similar infrastructure ahead of 
general construction work and maintain Contractor personnel at Site during installation of 
general construction work to be responsible for and to maintain these items in position.

C. Unless otherwise noted elsewhere in Contract Documents, bear expense of cutting, patching, 
repairing or replacing of work of other trades made necessary by any fault, error or tardiness on 
part of Electrical Contract or damage done by Electric Contract. Employ and pay Contractor 
whose work is involved. 
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3.2 DEMONSTRATION OF COMPLETE ELECTRICAL SYSTEMS 

A. Thoroughly demonstrate and instruct Owner's designated representative in care and operation of 
electrical systems and equipment furnished and installed in Electric Contract.

1. Factory Representative: In addition to demonstration and instruction specified above, 
provide technically qualified factory representatives from manufacturers of major 
equipment, to train Owner's representatives in care and operation of applicable products 
as specified in applicable technical sections of Division 26.

2. Coordinate and schedule time and place of all training through the Architect at the 
Owner’s convenience. 

3. Submit letters attesting to satisfactory completion of instructions, including date of 
completion of instruction, names of persons in attendance, and signature of Owner’s 
authorized representative.

4. Architect's representative must be present when Owner's representatives participate in 
instruction. 

5. The following equipment and systems are included: 

a. Heat Trace System.

3.3 FIRESTOPPING

A. Applied Fireproofing:

1. Coordinate the installation of hangers, supports and accessories from the structural steel 
with the fireproofing installation. Install all hangers and supports prior to installation of 
fireproofing.

2. Repair or replace existing fireproofing removed as a part of Electrical Work installation.

a. Employ the services of an approved fireproofing contractor to repair or replace the 
fireproofing by patching any areas that have been removed or damaged due to the 
installation of work after the completion of the fireproofing.

B. Repaired or replacement fireproofing shall match the fireproofing adjacent to the repaired area. 
All warranties shall be maintained.

END OF SECTION 26 05 00
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SECTION 26 05 19 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND 
CABLES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following:

1. Building wires and cables rated 600 V and less.
2. Connectors, splices, and terminations rated 600 V and less.

1.3 SUBMITTALS, GENERAL

A. General: Submit all submittals required by this Section concurrently.

1.4 ACTION SUBMITTALS

A. Product Data:  For each type of product indicated.

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. Comply with NFPA 70.

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. Alcan Products Corporation; Alcan Cable Division.
2. American Insulated Wire Corp.; a Leviton Company.
3. General Cable Corporation.
4. Senator Wire & Cable Company.

26 05 19
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5. Southwire Company.

B. Single Conductors (600 Volt and Below): 600 volts rated, single conductor, 98 percent 
conductivity, stranded, annealed copper, sizes as shown, but not less than No. 12 AWG 
minimum size. Comply with NEMA WC 70.

C. Conductor Insulation:  Comply with NEMA WC 70 for Types THHN-THWN, XHHW.

D. Multiconductor Cable:  (Type MC - Metal Clad): aluminum interlocking armor, 90 degree C, 
600V rated conductors (75 degree C wet locations), stranded copper conductors, minimum size 
No. 12 AWG, insulated green equipment grounding conductor with anti-short bushings. 

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. AFC Cable Systems, Inc.
2. Hubbell Power Systems, Inc.
3. O-Z/Gedney; EGS Electrical Group LLC.
4. 3M; Electrical Products Division.
5. Tyco Electronics Corp.
6. Ideal Industries/Buchanan

B. Splices and Terminations: Provide factory fabricated metal connectors of sizes, ratings, 
materials, types and classes as required for each service. Provide proper selection as determined 
by Installer to comply with installation requirements and NEC standards. Provide the following:

1. Conductors No. 8 AWG and smaller: Screw on, wing nut wire connectors with fixed 
square wire threads and wide throated skirt. UL 486C Listed.

2. Conductors No. 6 AWG to 3/0 AWG: Bolt on type or crimped type compression, 
seamless copper connectors using hand or hydraulic tool, color coded to wire size. 
Connector shall be electro-tin plated to resist electrolytic corrosion. UL 486A and UL 
486B Listed.

3. Conductors No. 4/0 AWG and larger: Compression type solderless connector, long barrel 
seamless copper with minimum 2 pressure points per conductor. Fully compatible with 
industry standard crimping tool-die sets. Color coded to wire size and electro-tin plated to 
resist electrolytic corrosion.  UL 486A Listed.

PART 3 - EXECUTION

3.1 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 
WIRING METHODS

A. Service Entrance: Type XHHW, single conductors in raceway.

B. Exposed Feeders: Type THHN-THWN, single conductors in raceway. 
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C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-THWN, 
single conductors in raceway. 

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type XHHW, single 
conductors in raceway. 

E. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN, single conductors in 
raceway.

F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  
Type THHN-THWN, single conductors in raceway.

G. Branch Circuits in Cable Tray: Metal-clad cable, Type MC.

H. Cord Drops and Portable Appliance Connections:  Type SO, hard service cord with stainless-
steel, wire-mesh, strain relief device at terminations to suit application.

I. Class 1 Control Circuits:  Type THHN-THWN, in raceway.

J. Metal Clad Type "MC" Cable:

1. Install MC cable, parallel and perpendicular to surfaces or structural members following 
surface contours, where possible.

2. Do not use MC cable for home runs (from panel to first device in branch circuit).

3. Do not install exposed metal clad cable in any areas, including mechanical and electrical 
spaces.

4. Do not penetrate floor slabs with MC cable.

5. Metal clad cable may be used for switch, receptacle, light fixture, device and fixture 
branch circuit wiring above ceilings and in walls beyond corridor walls. 

6. MC cable shall include a neutral, whether used or not, to a light switch location.

7. Above corridor ceilings, use MC cable for 6 foot light fixture whips.

8. Maintain a clearance of at least 6 inches from hot water and other high temperature pipes 
and telecommunications conduits, and at least 12 inches from unshielded 
telecommunications cables.

9. Support MC cable every 6 feet, and within 1 foot of every box, fitting, and cable 
termination.  Do not support MC cable on hung ceilings or on ceiling support wires.  The 
use of cable ties to support MC cable is prohibited.

10. Use MC cable in branch circuit wiring in movable metal partitions and movable gypsum 
partitions. Install conductors in accordance with partition manufacturer's 
recommendations.
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3.2 INSTALLATION OF CONDUCTORS AND CABLES

A. Wire and Cable Installation:  Install all wire and cable in approved raceway with exit light 
circuits, emergency lighting circuits, and special systems wiring installed in separate raceways.   
Use UL approved lubricants for wire pulling.  Tag all feeders, subfeeders, special system wiring 
and branch circuit wiring at each pull box, junction box, and gutter space indicating point of 
origin and termination.   Install green grounding wire in all raceways for connection to 
equipment, motors, transformers, and similar equipment.   Install low voltage cables as detailed 
in individual sections.

B. Splices and Terminations: Make all splices accessible.  Insulate all splices, taps, and 
connections to insulation value of conductor.  Follow all instructions and recommendations of 
splice material manufacturer.  Terminate low voltage cables with termination blocks as 
described in individual sections.

1. Common Neutral Conductor: Do not use common neutral for multiple branch circuits.

C. Color Coding:

1. Color Code for Branch and Feeder Circuits:  Install color coded insulated conductors for 
branch circuits as follows:

L1 L2 L3 Neutral Ground

For 60 Hz installations:
208Y/120 Black Red Blue White Green
480Y/277 Brown Orange Yellow Natural Gray Green

2. Color shall be factory applied or field applied for sizes larger than No. 8 AWG, if 
authorities having jurisdiction permit.

3. 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.

D. Pull all conductors together where more than one is being installed in raceway.

E. Do not exceed maximum pulling tension of wire being installed.  Use pulling compound or 
lubricant, where necessary. Use compound that will not deteriorate conductor or insulation.

F. Use pulling means, including fish tape, cable or rope that cannot damage raceway or wire. 

G. Replace wiring damaged during installation.

H. Support cables according to Division 26 Section "Hangers and Supports for Electrical Systems."
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3.3 CONNECTIONS

A. Splices:

1. Dry Locations:

a. Conductors No. 8 AWG or Smaller:  Use spring type pressure connectors or indent 
type pressure connectors with insulating jackets (except where special type splices 
are required).

b. Conductors No. 6 AWG or Larger:  Use un-insulated indent type pressure 
connectors. Fill indentations with electrical filler tape and apply insulation tape to 
insulation equivalent of the conductor, or insulate with heat shrinkable splices.

c. Gutter Taps in Panelboards:  Install gutter tap, fill indentations with electrical filler 
tape and apply insulation tape to insulation equivalent of the conductor, or insulate 
with gutter tap cover.

2. Damp Locations:  As specified for dry locations, except apply moisture sealing tape over 
entire insulated connection (moisture sealing tape not required if heat shrinkable splices 
are used).

3. Wet Locations:  Use un-insulated indent type pressure connectors and insulate with resin 
splice kits or heat shrinkable splices.  Exception:  Totally enclosed splices above ground 
protected in NEMA 3R, 4, 4x enclosures may be spliced as specified for damp locations.

B. Terminations:

1. Conductors No. 10 AWG or Smaller - Use terminals for:

a. Connecting control and signal wiring to terminal strips.
b. Connecting wiring to equipment designed for use with terminals.

2. Conductors No. 8 AWG or Larger - Use compression or mechanical type lugs for:

a. Connecting cables to flat bus bars.
b. Connecting cables to equipment designed for use with lugs.

3. For Conductor Sizes Larger than Terminal Capacity on Equipment:  Reduce larger 
conductor to maximum conductor size that terminal can accommodate (reduced section 
not longer than one foot).  Use compression or mechanical type connectors suitable for 
reducing connection.

C. Provide insulated green ground conductor for each branch and feeder circuit.

D. Isolated Ground Conductors: Insulated with green-colored insulation with yellow stripe. On 
feeders with isolated ground, use colored tape, alternating bands of green and yellow tape to 
provide a minimum of three bands of green and two bands of yellow.
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E. All connections and terminations installed according to manufacturer’s recommendations. 

F. All bolted or screw-type terminations specifically torqued to setting specified by manufacturer. 

3.4 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 Division 26 Section "Sleeves and Sleeve Seals for Electrical Raceways 
and Cabling."

3.5 FIRESTOPPING

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly.

3.6 FIELD QUALITY CONTROL 

A. Prior to energization, test cable and wire for continuity of circuitry and also for short circuits. 
Correct malfunctions when detected. Subsequent to wire and cable hook-ups, energize circuitry 
and demonstrate functioning in accordance with NETA testing requirements.

B. Provide resistance "Megger" test for power conductors  rated at 50 amperes and above prior to 
energization.  Replace and re-test defective conductors. The minimum resistance for 600 volt 
insulation rated cables is 100 megohms at a 1000 volt DC test voltage measured between all 
phases and between all phases and ground.

C. Infrared Scanning: After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each splice, connection and termination for each 
service entrance and power feeder conductor No. 2 AWG and larger. Remove box and 
equipment covers so splices, connectors and terminations are fully accessible to portable 
scanner. Correct deficiencies found during the scan.

D. Inspection and Test Reports: Prepare and submit a written report to record the following:

1. Procedures used for each test conducted.
2. Test results that complied with the Contract Documents.
3. Test results that did not comply with the Contract Documents and corrective action taken 

to achieve compliance.
4. Submit all test results to Architect & Owner’s Representative prior to energization. 

END OF SECTION 26 05 19
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SECTION 26 05 33 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 
B. ENT:  Electrical nonmetallic tubing. 
C. EPDM:  Ethylene-propylene-diene terpolymer rubber. 
D. FMC:  Flexible metal conduit. 
E. RMC: Rigid metal conduit 
F. LFMC:  Liquidtight flexible metal conduit. 
G. LFNC:  Liquidtight flexible nonmetallic conduit. 
H. NBR:  Acrylonitrile-butadiene rubber. 
I. RNC:  Rigid nonmetallic conduit. 

1.4 SUBMITTALS 

A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets, custom enclosures, cabinets, handholes and boxes. 

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. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 METAL CONDUIT AND TUBING 

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. AFC Cable Systems, Inc. 
2. Alflex Inc. 

26 05 33 
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3. Allied Tube & Conduit; a Tyco International Ltd. Co. 
4. Anamet Electrical, Inc.; Anaconda Metal Hose. 
5. Electri-Flex Co. 
6. O-Z Gedney; a unit of General Signal. 
7. Wheatland Tube Company. 

B. Rigid Metal Conduit (RMC): Rigid, hot dipped galvanized steel with galvanized threaded 
malleable iron fittings and bushings with insulated throat (galvanized steel). ANSI C80.1. 

C. Electrical Metallic Tubing (EMT): Metallic galvanized steel tube with galvanized steel 
compression or setscrew type fittings and bushings with insulated throat (galvanized steel). 
ANSI C80.3. 

D. Liquid Tight Flexible Metal Conduit (LFMC) : Liquid-tight flexible metal raceway with single, 
flexible, continuous, interlocked and double-wrapped steel core galvanized inside and outside, 
coated with liquid tight jacket of flexible polyvinyl chloride (PVC). 

E. Joint Compound for Rigid Steel Conduit:  Listed for use in cable connector assemblies, and 
compounded for use to lubricate and protect threaded raceway joints from corrosion and 
enhance their conductivity. 

2.2 BOXES, ENCLOSURES, AND CABINETS 

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. Cooper Crouse-Hinds; Div. of Cooper Industries, Inc. 
2. EGS/Appleton Electric. 
3. Erickson Electrical Equipment Company. 
4. Hoffman. 
5. Hubbell Incorporated; Killark Electric Manufacturing Co. Division. 
6. O-Z/Gedney; a unit of General Signal. 
7. RACO; a Hubbell Company. 
8. Robroy Industries, Inc.; Enclosure Division. 
9. Scott Fetzer Co.; Adalet Division. 
10. Spring City Electrical Manufacturing Company. 
11. Thomas & Betts Corporation. 
12. Walker Systems, Inc.; Wiremold Company (The). 
13. Woodhead, Daniel Company; Woodhead Industries, Inc. Subsidiary. 

B. Outlet Boxes 

1. Materials 

a. Recessed Applications and Exposed Applications in Unfinished Spaces: 
Galvanized, stamped steel.  

b. Boxes in stud walls shall be 4” square, 2 1/8” deep boxes with raised covers for 
power circuits.  Provide “Far-Side” box support to keep box alignment parallel 
with wall face. 
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c. Boxes in masonry walls shall be 3 ½” deep masonry boxes, single or multigang as 
required 

d. Exposed Applications:  In finished spaces requiring exposed applications, provide 
boxes to match surface raceway system.  In situations where surface mount 
conduits are allowed, condulet style boxes shall be used.  Where surface mount 
devices are provided as components of specific systems, provide surface mount 
box from same manufacturer to match device. 

e. Concrete and Wall in Wet Locations: Heavy duty cast aluminum, thermoset 
protective silver grey finish, with threaded mounting posts. 

f. Weatherproof Outlet Boxes:  Corrosion-resistant cast metal weatherproof outlet 
wiring boxes of appropriate type, shape, size and depth, with threaded conduit ends 
and cast metal face plates with cover suitably configured for each application, and 
including face plate gaskets and corrosion resistant fasteners. Do not compromise 
outlet weatherproof integrity when attachment plug is inserted. 

g. Junction and Pull Boxes:  Galvanized code gauge sheet steel boxes with screw-on 
covers, of appropriate type, shape and size suitable for box location and installation 
with welded seams and equipped with stainless steel nuts, bolts, screws and 
washers. 

2. Size:  As required for number and size of raceways and conductors. Depth to suit wall 
depth and device installed.  

3. Covers: Design and style for each type, outlet, junction box, etc.; NEMA rated for each 
location. 

C. Hinged-Cover Enclosures:  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. Nonmetallic Enclosures:  Plastic. 

D. 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. 
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PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Raceway Installation:  Securely support raceway from building construction, separately from 
outlet boxes and junction boxes.  Secure to masonry surfaces with expansion anchors.  Use 
galvanized hanger rods, inserts and hangers.   Conceal all raceway runs except in mechanical 
rooms, storage room ceilings, and areas above suspended ceilings.   Run exposed raceway 
neatly, parallel and level, to ceilings, walls and floors.  Make necessary offsets and bends to 
comply with construction.  Install expansion fittings at all building expansion joints.  Support all 
raceways with clamps per National Electric Code 

1. RMC Installation:  Use RMC in damp locations and exterior locations.. 

2. EMT:  Use EMT for non-hazardous, dry locations above grade. As a minimum, use EMT 
in corridor ceilings, for home runs and in all unoccupied exposed interior areas. Surface 
mounted EMT shall not be used in finished areas without written permission from the 
Architect or Owner. 

3. LFMC: Use a maximum of two feet of liquid tight flexible conduit for connection of 
motors and for other electrical equipment where subject to movement and vibration and 
also where subjected to one or more of the following conditions 

a. Exterior location. 
b. Moist or humid atmosphere where condensate can be expected to accumulate. 
c. Corrosive atmosphere. 
d. Subjected to water spray. 
e. Subjected to dripping oil, grease or water  

4. All non-metallic or flexible conduit shall contain a separate grounding conductor in 
addition to the circuit conductors. 

5. Do not secure branch circuit wiring to ceiling support wires.  Provide independent 
support wires dedicated only to electrical raceways. 

6. Use roughing-in dimensions of electrically operated units furnished by supplier.  Set 
conduit and boxes for connection to units only after receiving dimensions and after 
checking location with other trades. 

7. Provide nylon pull cord in empty raceways.  Test empty raceways with ball mandrel.  
Clear any raceway that rejects ball mandrel.  Restore raceway and surrounding surfaces 
to original condition. 

8. Fasten raceway terminations in sheet metal enclosures by 2 locknuts and terminate with 
bushing.  Install locknuts inside and outside of enclosure. 

9. Do not cross pipe shafts or ventilating duct openings with raceways. 
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10. Keep raceways at least 6 inches from parallel runs of flues, hot water pipes or other 
sources of heat.  Wherever possible, install horizontal raceway runs above water and 
steam piping. 

B. Install raceways to avoid damage or penetration of structural members.  Avoid horizontal or 
cross runs in building partitions or sidewalls. 

C. Exposed Raceways 

1. Install exposed raceway in unfinished spaces, crawl spaces, pipe spaces, or in areas with 
existing exposed raceway.  In areas where walls/ceilings are to be painted, exposed 
raceways shall be painted to match. 

2. Install exposed raceways and extensions from concealed raceway systems neatly, parallel 
with, or at right angles to walls of building. 

3. Do not run raceway through walls with plaster finish or through masonry walls or floors.  
Install pipe sleeves for raceway runs through these areas.   

4. Install exposed raceway to avoid interfering with ceiling inserts, lights or ventilation 
ducts or outlets. 

5. Support exposed raceways using hangers, clamps or clips.  Support raceways on each 
side of bends and space not more than 6 ft. O.C. for 1-inch raceway and not more than 8 
ft. O.C. for 1-1/4-inch raceway. 

6. Apply exposed raceways requirements specified above to raceways installed in space 
above hung ceilings and in crawl spaces. 

7. Do not install raceway directly on floor. 

D. Minimum Raceway Size:  1/2-inch 

E. Raceway Fittings:  Compatible with raceways and suitable for use and location. 

1. Provide locknuts for securing raceway to metal enclosure with sharp edge for digging 
into metal and ridged outside circumference for proper fastening. 

2. Provide bushings for terminating raceways smaller than 1-1/4 inches with flared bottom 
and ribbed sides with smooth upper edges to prevent injury to cable insulation. 

3. Install insulated type bushings for terminating raceways 1-1/4 inches and larger with 
flared bottom and ribbed sides and with upper edge with phenolic insulating ring molded 
into bushing. 

4. Provide screw-type grounding terminal for standard or insulated type bushing. 

5. Provide miscellaneous fittings such as reducers, chase nipples, 3-piece unions, split 
couplings and plugs specifically designed for their particular application. 
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F. Surface Raceways: Use surface raceways in finished spaces to conceal new cabling that cannot 
be installed above accessible ceiling or within walls.  Use surface raceway only when raceway 
type and routing are approved by Architect and Owner’s representative.  Securely support from 
building construction and secure to masonry surfaces with expansion anchors.   Mount at 
heights at locations shown on Drawings; obtain approval from Architect and Owner’s 
representative for all routing not indicated on Drawings.  Do not run surface raceway through 
walls with plaster finish or through masonry walls or floors.  Install pipe sleeve with junction 
boxes or adapter fittings for raceway runs through these areas.  In existing construction, run 
raceway along top of baseboards, taking care to avoid telephone and other signal wiring around 
doorframes and other openings.  Run raceway on ceiling or walls perpendicular to or parallel 
with walls and floors.  

G. Fittings and Accessories Installation 

1. Use zinc electroplate or hot dipped galvanized steel fittings and accessories in 
conjunction with ferrous raceways in dry and damp locations. 

2. Use hot dipped galvanized fittings and accessories in conjunction with ferrous raceways 
in wet locations. 

3. Use caps or plugs to seal ends of raceways until cable is installed (to exclude foreign 
material). 

4. Use expansion fittings where raceways cross expansion joints. 

5. Use deflection fittings where raceways cross expansion joints that move in more than one 
plane. 

6. Use 2 locknuts and insulated bushing (plastic bushing on 1/2-inch raceway and 3/4-inch 
raceway) on end of each raceway entering sheet metal cabinet or box in dry or damp 
locations.  Terminate raceway ends within cabinet/box at same level. 

7. Use watertight hub on end of each raceway entering cabinets or boxes (in wet locations) 
not constructed with integral threaded hubs. 

8. Specific Applications: 

a. Rigid Metal Raceway:  Use threaded fittings and accessories.  Use 3-piece raceway 
coupling where raceway cannot be rotated. 

b. Liquid Tight Flexible Metal Raceway:  Use “seal-tite” connectors. 

9. Raceway Installation in Special Areas 

a. Raceways Exposed to Different Temperatures:  Where portions of interior raceway 
system are exposed to widely different temperatures, seal interior and exterior of 
raceway to prevent circulation of air from warmer to colder section through 
raceway installation. 
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b. Heated Areas to Unheated Areas:  After cables are installed, seal raceway interior 
at nearest raceway body, outlet or junction box in heated area adjoining unheated 
area. 

3.2 INSTALLATION 

A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2, 
except where requirements on drawings or in this article are stricter. 

3.3 PROTECTION 

A. Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are 
without damage or deterioration at time of Substantial Completion. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 

2. Repair damage to paint finishes with matching touchup coating recommended by 
manufacturer. 

END OF SECTION 26 05 33 



Tetra Tech SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND CABLING
Architects & Engineers Project No. 203778-21001 26 05 44 / Page 1

SECTION 26 05 44 - 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 Conditions and Division 01 
Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Sleeves for raceway penetrations of walls and floors.
2. Sleeve-seal systems.
3. Sleeve-seal fittings.
4. Grout.
5. Silicone sealants.

B. Related Requirements:

1. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 07 “Penetration Firestopping”.

1.3 ACTION SUBMITTALS

A. Product Data:  For each type of product specified.

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 Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:  Galvanized-steel 
sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with 
tabs for screw-fastening the sleeve to the board.

C. PVC-Pipe Sleeves:  ASTM D 1785, Schedule 40.

26 05 44
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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, 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:  Carbon steel.

4. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, of length 
required to secure pressure plates to sealing elements.

2.3 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 (34.5-MPa), 28-day compressive strength.
D. Packaging:  Premixed and factory packaged.

2.4 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.

2. Sealant shall have VOC content of 40 g/L or less when calculated according to 
40 CFR 59, Subpart D (EPA Method 24).

3. Sealant 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. Silicone Foams:  Multicomponent, silicone-based liquid elastomers that, when mixed, expand 
and cure in place to produce a flexible, nonshrinking foam.

http://www.specagent.com/LookUp/?uid=123456803016&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803017&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803018&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803019&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803020&mf=04&src=wd
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PART 3 - EXECUTION

3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS

A. Comply with NECA 1.

B. 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.  

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.  

5. Install sleeves for floor penetrations.  Extend sleeves installed in floors 2 inches above 
finished floor level.  Install sleeves during erection of floors.

C. 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.

D. 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.

E. 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.
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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. Assemble fitting components of length to be flush with both surfaces of concrete slabs and 
walls.  

B. Using grout, seal the space around outside of sleeve-seal fittings.

3.4 SLEEVE INSTALLATION FOR FIRE RATED ASSEMBLY PARTITIONS

A. Install sleeves for penetrations of fire-rated floor and wall assemblies unless openings 
compatible with firestop system used are fabricated during construction of floor or wall. 

B. Maintain indicated fire rating of walls, partitions, ceilings and floors at raceway penetrations. 
Install sleeves and sleeve seals with appropriate firestop materials. Comply with Division 07 
Section “Penetration Firestopping”.

END OF SECTION 26 05 44
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SECTION 26 05 53 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Identification for raceways. 
2. Identification for conductors. 
3. Warning labels and signs. 
4. Instruction signs. 
5. Equipment identification labels. 
6. Miscellaneous identification products. 

1.3 SUBMITTALS 

A. Product Data:  For each electrical identification product indicated. 

1.4 QUALITY ASSURANCE 

A. Comply with ANSI A13.1. 
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. 

1.5 COORDINATION 

A. Coordinate identification names, abbreviations, colors, and other features with requirements in 
other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's 
wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes, 
standards, and 29 CFR 1910.145.  Use consistent designations throughout Project. 

B. Coordinate installation of identifying devices with completion of covering and painting of 
surfaces where devices are to be applied. 

C. Coordinate installation of identifying devices with location of access panels and doors. 

D. Install identifying devices before installing acoustical ceilings and similar concealment. 

26 05 53 
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PART 2 - PRODUCTS 

2.1 POWER RACEWAY IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of 
color field for each raceway size. 

B. Colors for Raceways Carrying Circuits at 600 V or Less:  

1. Black letters on an orange field. 
2. Legend:  Indicate voltage and system or service type. 

C. Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less:  Preprinted, 
flexible label laminated with a clear, weather- and chemical-resistant coating and matching 
wraparound adhesive tape for securing ends of legend label. 

D. Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, 
flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway 
or cable it identifies and to stay in place by gripping action. 

E. Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less:  Slit, 
pretensioned, flexible, solid-colored acrylic sleeve, 2 inches long, with diameter sized to suit 
diameter of raceway or cable it identifies and to stay in place by gripping action. 

F. Metal Tags:  Brass or aluminum, 2 by 2 by 0.05 inch with stamped legend, punched for use with 
self-locking cable tie fastener. 

G. Write-On Tags:  Polyester tag, 0.015 inch thick, with corrosion-resistant grommet and cable tie 
for attachment to conductor or cable. 

1. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag 
manufacturer. 

2.2 CONDUCTOR IDENTIFICATION MATERIALS 

A. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils thick by 1 
to 2 inches wide. 

B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and 
chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend 
label. 

C. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with 
diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping 
action. 

D. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 
inches long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in 
place by gripping action. 
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E. Marker Tapes:  Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 
legend machine printed by thermal transfer or equivalent process. 

F. Write-On Tags:  Polyester tag, 0.015 inch thick, with corrosion-resistant grommet and cable tie 
for attachment to conductor or cable. 

1. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag 
manufacturer. 

2.3 WARNING LABELS AND SIGNS 

A. Comply with NFPA 70 and 29 CFR 1910.145. 

B. Self-Adhesive Warning Labels:  Factory-printed, multicolor, pressure-sensitive adhesive labels, 
configured for display on front cover, door, or other access to equipment unless otherwise 
indicated. 

C. Baked-Enamel Warning Signs: 

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. 

D. Metal-Backed, Butyrate Warning 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. 

E. Warning label and sign 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. 

2.4 INSTRUCTION SIGNS 

A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20 sq. 
inches and 1/8 inch thick for larger sizes. 

1. Engraved legend with black letters on white face. 
2. Punched or drilled for mechanical fasteners. 
3. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment. 
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B. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal 
transfer or equivalent process.  Minimum letter height shall be 3/8 inch.  Overlay shall provide a 
weatherproof and UV-resistant seal for label. 

2.5 EQUIPMENT IDENTIFICATION LABELS 

A. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label:  Adhesive backed, with white 
letters on a dark-gray background.  Minimum letter height shall be 3/8 inch. 

B. Engraved, Laminated Acrylic or Melamine Label:  Punched or drilled for screw mounting.  
White letters on a dark-gray background.  Minimum letter height shall be 3/8 inch. 

C. Stenciled Legend:  In nonfading, waterproof, black  ink or paint.  Minimum letter height shall be 
1 inch. 

2.6 CABLE TIES 

A. 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. 

B. 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. 

C. 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. 

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint:  Comply with requirements in Division 09 painting Sections for paint materials and 
application requirements.  Select 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. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Verify identity of each item before installing identification products. 

B. Location:  Install identification materials and devices at locations for most convenient viewing 
without interference with operation and maintenance of equipment. 

C. Apply identification devices to surfaces that require finish after completing finish work. 

D. Self-Adhesive Identification Products:  Clean surfaces before application, using materials and 
methods recommended by manufacturer of identification device. 

E. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners 
appropriate to the location and substrate. 

F. 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. 

G. Aluminum Wraparound Marker Labels and Metal Tags:  Secure tight to surface of conductor or 
cable at a location with high visibility and accessibility. 

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 Division 09 painting Sections for surface 
preparation and paint application. 

3.2 IDENTIFICATION SCHEDULE 

A. Accessible Raceways and Cables within Buildings:  Identify raceways and the covers of each 
junction and pull box of the following systems with self-adhesive vinyl labels with the wiring 
system legend and system voltage.  System legends shall be as follows: 

 
1. Power. 

B. Power-Circuit Conductor Identification, 600 V or Less:  For conductors in vaults, pull and 
junction boxes, 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. 
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b. Colors for 208/120-V Circuits: 

1) Phase A:  Black. 
2) Phase B:  Red. 
3) Phase C:  Blue. 

c. 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. 

C. Install instructional sign including the color-code for grounded and ungrounded conductors 
using adhesive-film-type labels. 

D. Conductors to Be Extended in the Future:  Attach write-on tags  to conductors and list source. 

E. 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 the 
Operation and Maintenance Manual. 

F. Locations of Underground Lines:  Identify with underground-line warning tape for power, 
lighting, communication, and control wiring and optical fiber cable. 

1. Install underground-line warning tape for both direct-buried cables and cables in raceway. 

G. Workspace Indication:  Install floor marking tape to show working clearances in the direction of 
access to live parts.  Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless 
otherwise indicated.  Do not install at flush-mounted panelboards and similar equipment in 
finished spaces. 

H. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-
adhesive warning labels: 

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. Controls with external control power connections. 
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I. 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. 

J. Equipment Identification Labels:  On each unit of equipment, install unique designation label 
that is consistent with wiring diagrams, schedules, and the 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 systems unless equipment is 
provided with its own identification. 

1. Labeling Instructions: 

a. Indoor Equipment:  Self-adhesive, engraved, laminated acrylic or melamine label.  
Unless otherwise indicated, 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, Stenciled 
legend 4 inches high. 

c. Elevated Components:  Increase sizes of labels and letters to those appropriate for 
viewing from the floor. 

d. Unless provided with self-adhesive means of attachment, fasten labels with 
appropriate mechanical fasteners that do not change the NEMA or NRTL rating of 
the enclosure. 

2. Equipment to Be Labeled: 

a. Enclosures and electrical cabinets. 
b. Monitoring and control equipment. 

END OF SECTION 26 05 53 
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SECTION 26 24 16 - PANELBOARDS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Overcurrent protective devices

1.3 DEFINITIONS

A. SVR:  Suppressed voltage rating.
B. TVSS:  Transient voltage surge suppressor.

1.4 ACTION SUBMITTALS

A. Product Data:  For each type overcurrent protective device accessory, and component indicated.  
Include dimensions and manufacturers' technical data on features, performance, electrical 
characteristics, ratings, and finishes.

1.5 QUALITY ASSURANCE

A. Testing Agency Qualifications:  Member company of NETA or an NRTL.

1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site 
testing.

B. Source Limitations:  Obtain overcurrent protective devices, components, and accessories from 
single source from single manufacturer.

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 NEMA PB 1.

E. Comply with NFPA 70.

26 24 16
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1.6 PROJECT CONDITIONS

A. Environmental Limitations:

1. Rate equipment for continuous operation under the following conditions unless otherwise 
indicated:

a. Ambient Temperature:  Not exceeding minus 22 deg F to plus 104 deg F .
b. Altitude:  Not exceeding 1600 feet.

B. Service Conditions:  NEMA PB 1, usual service conditions, as follows:

1. Ambient temperatures within limits specified.
2. Altitude not exceeding 1600 feet.

C. 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:

1. Notify Architect no fewer than 5 days in advance of proposed interruption of electric 
service.

2. Do not proceed with interruption of electric service without Architect's written 
permission.

3. Comply with NFPA 70E.

PART 2 - PRODUCTS

2.1 OVERCURRENT PROTECTIVE DEVICES

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following:

1. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
2. Siemens Energy & Automation, Inc.
3. Square D; a brand of Schneider Electric.

B. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to 
meet available fault currents.

1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level 
overloads, and instantaneous magnetic trip element for short circuits.  

2. GFCI Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault 
protection (6-mA trip).

3. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:

a. Standard frame sizes, trip ratings, and number of poles.

http://www.specagent.com/LookUp/?uid=123456818007&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803135&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818008&mf=04&src=wd
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b. Lugs:  Compression style, suitable for number, size, trip ratings, and conductor 
materials.

c. Application Listing:  Appropriate for application; Type SWD for switching 
fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity 
discharge (HID) lighting circuits.

d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable 
pickup and time-delay settings, push-to-test feature, and ground-fault indicator.

2.2 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. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Install overcurrent devices and accessories according to NECA 407.

B. Mount top of trim 90 inches above finished floor unless otherwise indicated.

C. Install overcurrent protective devices and controllers not already factory installed.

1. Set field-adjustable, circuit-breaker trip ranges.

D. Install filler plates in unused spaces.

E. Arrange conductors in gutters into groups and bundle and wrap with wire ties.

F. Comply with NECA 1.

3.3 IDENTIFICATION

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 
signs complying with Section 26 05 53 "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.  Use a 
computer or typewriter to create directory; handwritten directories are not acceptable.
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C. Device Nameplates:  Label each branch circuit device in distribution panelboards with a 
nameplate complying with requirements for identification specified in Section 26 05 53 
"Identification for Electrical Systems."

3.4 FIELD QUALITY CONTROL

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 
test, and adjust components, assemblies, and equipment installations, including connections.

C. 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.

D. Acceptance Testing Preparation:

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, 
and control circuit.

2. Test continuity of each circuit.

E. 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.

F. Prepare test and inspection reports, including a certified report that identifies panelboards 
included 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 component to function smoothly and lubricate as 
recommended by manufacturer.

B. Load Balancing:  After Substantial Completion, but not more than 60 days after Final 
Acceptance, measure load balancing and make circuit changes.

1. Measure as directed during period of normal system loading.

2. Perform load-balancing circuit changes outside normal occupancy/working schedule of 
the facility and at time directed.  Avoid disrupting critical 24-hour services such as fax 
machines and on-line data processing, computing, transmitting, and receiving equipment.

3. After circuit changes, recheck loads during normal load period.  Record all load readings 
before and after changes and submit test records.
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4. Tolerance:  Difference exceeding 20 percent between phase loads, within a panelboard, is 
not acceptable.  Rebalance and recheck as necessary to meet this minimum requirement.

END OF SECTION 26 24 16
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SECTION 31 10 00 - SITE CLEARING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Protecting existing vegetation to remain. 
2. Removing existing vegetation. 
3. Clearing and grubbing. 
4. Stripping and stockpiling topsoil. 
5. Removing above and below-grade site improvements. 
6. Temporary erosion and sedimentation-control measures. 
7. Disposal of waste material. 

1.3 DEFINITIONS 

A. Subsoil:  All soil beneath the topsoil layer of the soil profile and typified by the lack of organic 
matter and soil organisms. 

B. Surface Soil:  Soil that is present at the top layer of the existing soil profile at the Project site.  
In undisturbed areas, the surface soil is typically topsoil; but in disturbed areas such as urban 
environments, the surface soil can be subsoil. 

C. Topsoil (insitu):  Top layer of the soil profile consisting of existing native surface topsoil or 
existing in-place surface soil and is the zone where plant roots grow.  Its appearance is generally 
friable, pervious, and black or a darker shade of brown, gray, or red than underlying subsoil; 
reasonably free of subsoil, clay lumps, gravel, and other objects more than 2 inches in diameter; 
and free of subsoil and weeds, roots, toxic materials, or other nonsoil materials. 

D. Tree-Protection Zone:  Area surrounding individual trees or groups of trees to be protected 
during construction, defined by a circle concentric with each tree with a radius 1.5 times the 
diameter of the drip line unless otherwise indicated on Drawings. 

E. Vegetation:  Trees, shrubs, groundcovers, grass, and other plants. 

1.4 MATERIAL OWNERSHIP 

A. Except for stripped topsoil and other materials indicated to be stockpiled or otherwise remain 
Owner's property, cleared materials shall become Contractor's property and shall be removed 
from Project site. 

31 10 00 
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1.5 SUBMITTALS, GENERAL 

A. General: Submit all informational submittals required by this Section concurrently. 

1.6 INFORMATIONAL SUBMITTALS 

A. Existing Conditions:  Documentation of existing trees and plantings, adjoining construction, and 
site improvements that establishes preconstruction conditions that might be misconstrued as 
damage caused by site clearing. 

1. Include plans and notations to indicate specific wounds and damage conditions of each 
tree or other plants designated to remain. 

1.7 CLOSEOUT SUBMITTALS 

A. Record Drawings:  Identifying and accurately showing locations of capped utilities and other 
subsurface structural, electrical, and mechanical conditions. 

1.8 PROJECT CONDITIONS 

A. Verification of Conditions:  Examine conditions under which site clearing is to be accomplished 
and notify Architect in writing of any conditions detrimental to proper and timely 
accomplishment.  Do not proceed with site clearing until unsatisfactory conditions have been 
corrected. 

B. Traffic:  Minimize interference with adjoining roads, streets, walks, and other adjacent occupied 
or used facilities during site-clearing operations. 

1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities 
without permission from Owner and authorities having jurisdiction. 

2. Provide alternate routes around closed or obstructed traffic ways if required by Owner or 
authorities having jurisdiction. 

C. Utility Locator Service:  Notify utility locator service for area where Project is located before 
site clearing. 

D. Do not commence site clearing operations until temporary erosion- and sedimentation-control 
and plant-protection measures are in place. 

E. The following practices are prohibited within protection zones: 

1. Storage of construction materials, debris, or excavated material. 
2. Parking vehicles or equipment. 
3. Foot traffic. 
4. Erection of sheds or structures. 
5. Impoundment of water. 
6. Excavation or other digging unless otherwise indicated. 
7. Attachment of signs to or wrapping materials around trees or plants unless otherwise 

indicated. 
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F. Do not direct vehicle or equipment exhaust towards protection zones. 

G. Prohibit heat sources, flames, ignition sources, and smoking within or near protection zones. 

H. Soil Stripping, Handling, and Stockpiling:  Perform only when the topsoil is dry or slightly 
moist. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Satisfactory Soil Material:  Requirements for satisfactory soil material are specified in Section 
31 20 00 "Earth Moving." 

1. Obtain approved borrow soil material off-site when satisfactory soil material is not 
available on-site. 

B. Antirust Coating:  Fast-curing, lead- and chromate-free, self-curing, universal modified-alkyd 
primer complying with MPI #79, Alkyd Anticorrosive Metal Primer or SSPC-Paint 20 or SSPC-
Paint 29 zinc-rich coating. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Protect and maintain benchmarks and survey control points from disturbance during 
construction. 

B. Locate and clearly identify trees, shrubs, and other vegetation to remain.  Flag each tree trunk at 
54 inches above the ground. 

C. Protect existing site improvements to remain from damage during construction. 

1. Restore damaged improvements to their original condition, as acceptable to Owner. 

D. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 TEMPORARY EROSION AND SEDIMENTATION CONTROL 

A. Provide temporary erosion- and sedimentation-control measures to prevent soil erosion and 
discharge of soil-bearing water runoff or airborne dust to adjacent properties and walkways, 
according to erosion- and sedimentation-control Drawings and requirements of authorities 
having jurisdiction.  Refer to Section 31 25 00, “Erosion and Sedimentation Controls”.  

B. Verify that flows of water redirected from construction areas or generated by construction 
activity do not enter or cross tree or plant protection zones. 
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C. Inspect, maintain, and repair erosion- and sedimentation-control measures during construction 
until permanent vegetation has been established. 

D. Remove erosion and sedimentation controls and restore and stabilize areas disturbed during 
removal. 

3.3 TREE AND PLANT PROTECTION 

A. General:  Protect trees and plants remaining on-site. 

B. Should any trees or shrubs be damaged which are to be saved, arrange to have such damage 
treated by a licensed arborist or tree surgeon. 

C. Protect tree and shrub root systems from smothering.  Do not store construction materials, 
debris, or excavated material within plant protection zone.  Do not permit vehicular traffic or 
parking within plant protection zone. Restrict foot traffic to prevent excessive compaction of 
soil over tree, shrub and turf root systems. 

D. Trees or shrubs which die because of the Contractor's failure to conform to the Drawings and 
specifications shall be evaluated by a qualified organization selected by the Owner's 
Representative.  The removal and replacement of the tree, and the evaluation expenses shall be 
paid for by the Contractor.  Contractor shall be required to replace the damaged tree with plant 
material of comparable size and quality (i.e. damaged 12" caliper Red Maple shall be replaced 
by three 4" cal. or four 3" cal. Red Maples).  Substitutions for variety shall be approved by the 
Architect. 

3.4 EXISTING UTILITIES 

A. Locate, identify, disconnect, and seal or cap utilities indicated to be removed.   

1. Arrange with utility companies to shut off indicated utilities. 

B. Locate, identify, and disconnect utilities indicated to be abandoned in place. 

C. Interrupting Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or 
others unless permitted under the following conditions and then only after arranging to provide 
temporary utility services according to requirements indicated: 

1. Notify Architect not less than ten working days days in advance of proposed utility 
interruptions. 

3.5 CLEARING AND GRUBBING 

A. Remove obstructions, trees, shrubs, and other vegetation to permit installation of new 
construction. 

1. Do not remove trees, shrubs, and other vegetation indicated to remain or to be relocated. 
2. Grind down stumps and remove roots, obstructions, and debris to a minimum depth of 18 

inches below exposed subgrade. 
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3. Use only hand methods for grubbing within protection zones. 
4. Chip removed tree branches and dispose of off-site. 

B. Fill depressions caused by clearing and grubbing operations with satisfactory soil material 
unless further excavation or earthwork is indicated. 

1. Place fill material in horizontal layers not exceeding a loose depth of 8 inches, and 
compact each layer in accordance with Section 31 20 00 "Earth Moving”. 

3.6 TOPSOIL STRIPPING 

A. Remove sod and grass before stripping topsoil. 

B. Strip topsoil in a manner to prevent intermingling with underlying subsoil or other waste 
materials. 

C. Do not remove surplus topsoil from site.  

D. Refer to Section 32 92 00 “Turfs and Grasses” for topsoil screening requirements. 

E. Remove subsoil and nonsoil materials from topsoil, including clay lumps, gravel, and other 
objects more than 2 inches in diameter; trash, debris, weeds, roots, and other waste materials. 

F. Stockpile topsoil away from edge of excavations without intermixing with subsoil.  Grade and 
shape stockpiles to drain surface water.  Cover to prevent windblown dust and erosion by water. 

1. Limit height of topsoil stockpiles to 72 inches. 
2. Do not stockpile topsoil within protection zones. 

3.7 SITE IMPROVEMENTS 

A. Remove existing above- and below-grade improvements as indicated and necessary to facilitate 
new construction including foundations, slabs, paving, curbs, gutters, retaining walls, aggregate 
base and other improvements. 

1. Unless existing full-depth joints coincide with line of demolition, neatly saw-cut along 
line of existing pavement to remain before removing adjacent existing pavement.  Saw-
cut faces vertically.  Leave cut edge neat and square where existing material is cut to 
adjoin new work. 

2. Remove asphalt concrete paving material to full depth and remove from site. Do not use 
asphalt materials for on-site fill. 

3. Gravel and stone fill under removed sidewalks may be reused if suitable for the particular 
new use and if approved by the Architect. 

4. Break up and completely remove miscellaneous concrete, such as small foundations.  
Remove concrete, retaining walls or foundations below grade to a minimum depth of 2’. 
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5. Paint cut ends of steel reinforcement in concrete to remain with two coats of antirust 
coating, following coating manufacturer's written instructions.  Keep paint off surfaces 
that will remain exposed. 

3.8 DISPOSAL OF SURPLUS AND WASTE MATERIALS 

A. Remove surplus soil material, unsuitable topsoil, obstructions, demolished materials, and waste 
materials including trash and debris, and legally dispose of them off Owner's property. 

END OF SECTION 31 10 00 
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SECTION 31 20 00 - EARTH MOVING  

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Preparing subgrades for foundations, slabs-on-grade, walks, pavements, turf and grasses. 
2. Structural Fill: For backfill under structures, pavements, concrete pads, etc. 
3. Granular Fill: Subbase for interior concrete slabs-on-grade, asphalt paving, concrete 

paving, etc. 
4. Subsurface drainage fill for foundation drains, underdrains, etc. 
5. Excavating and backfilling trenches for utilities and pits for buried utility structures. 

B. Related Requirements: 

1. Section 03 30 53 – Miscellaneous Cast-in-Place Concrete 
2. Section 31 10 00 - Site Clearing 
3. Section 32 92 00 - Turf and Grasses 
4. Section 33 41 00 – Storm Utility Drainage Piping 

1.3 DEFINITIONS 

A. Backfill:  Soil material or controlled low-strength material used to fill an excavation. 

1. Initial Backfill:  Backfill placed beside and over pipe in a trench, including haunches to 
support sides of pipe. 

2. Final Backfill:  Backfill placed over initial backfill to fill a trench. 

B. Base Course:  Aggregate layer placed between the subbase course and hot-mix asphalt paving. 

C. Bedding Course:  Aggregate layer placed over the excavated subgrade in a trench before laying 
pipe. 

D. Borrow Soil:  Satisfactory soil imported from off-site for use as fill or backfill. 

E. Drainage Course:  Aggregate layer supporting the slab-on-grade that also minimizes upward 
capillary flow of pore water. 

F. Subbase:  Granular aggregate layer supporting the slab-on-grade and pavement that also 
minimizes upward capillary flow of pore water. 

31 20 00 
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G. Excavation:  Removal of material encountered above subgrade elevations and to lines and 
dimensions indicated. 

1. Authorized Additional Excavation:  Excavation below subgrade elevations or beyond 
indicated lines and dimensions as directed by Geotechnical Engineer.    

2. Bulk Excavation:  Excavation more than 10 feet in width and more than 30 feet in length. 

3. Unauthorized Excavation:  Excavation below subgrade elevations or beyond indicated 
lines and dimensions without direction by Geotechnical Engineer or Architect.  
Unauthorized excavation, as well as remedial work directed by Geotechnical Engineer or 
Architect shall be without additional compensation. 

H. Fill:  Soil materials used to raise existing grades. 

I. Hazardous Soil Materials:  Soils that are contaminated with petroleum product and/or hazardous 
chemicals, waste or industrial waste. 

J. Rock:  Rock material in beds, ledges, unstratified masses, conglomerate deposits, and boulders 
of rock material that exceed 1 cu. yd. for bulk excavation or for footing, trench, and pit 
excavation that cannot be removed by rock excavating equipment equivalent to the following in 
size and performance ratings, without systematic drilling, ram hammering, ripping, or blasting, 
when permitted: 

1. Rock Excavation:  Track-mounted excavator rated at not less than 222-hp flywheel power 
with weight of 70,000 lbs or greater and a 30-in wide short-tip radius rock bucket.  
(Ratings are based on Caterpillar's "Model No. 330B”.) 

K. Structures:  Buildings, footings, foundations, retaining walls, slabs, tanks, curbs, mechanical 
and electrical appurtenances, or other man-made stationary features constructed above or below 
the ground surface. 

L. Subgrade:  Uppermost surface of an excavation or the top surface of a fill or backfill 
immediately below aggregate base, structural fill, drainage fill, or topsoil materials. 

M. Utilities:  On-site underground pipes, conduits, ducts, and cables, as well as underground 
services within buildings. 

N. Non-Granular Fill:  Soil fill material used to raise existing grades in areas that do not require 
granular or structural fill.  

O. Well-Graded:  Soils containing a good range of all representative particle sizes between the 
largest and the smallest.  All sizes must be represented, and no one size should be either 
overabundant or missing. 

P. Poorly-Graded:  Soils which either contain a narrow range of particle sizes or have some 
intermediate sizes lacking. 
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1.4 SUBMITTALS 

A. General: Submit all action submittals and informational submittals required by this Section 
concurrently. 

B. Action Submittals: 

1. Product Data:  For each type of the following manufactured products required: 

a. Geotextiles. 
b. Warning tapes. 

 
2. Material Test Reports:  For each on-site and borrow soil material proposed for fill and 

backfill as follows: 

a. Classification according to ASTM D 2487. 
b. Laboratory compaction curve according to ASTM D 1557. 
c. Submitted material testing and analysis shall demonstrate that no unsuitable soil 

groups are present. 
d. Submitted material testing and analysis shall demonstrate that no absorbent clays 

are present. 

3. Delegated-Design Submittal:   

a. For excavations greater than or equal to 20 feet in depth require engineered 
systems design per OSHA requirements, signed and sealed by a professional 
engineer, and submitted for review. 

4. Samples for Verification:  For the following products, in sizes or quantities indicated 
below: 

a. Fill:  One-half gallon by volume of material in sturdy container of each type of fill, 
naming source for each material. 

b. Geotextile:  12 by 12 inches. 
c. Warning Tape:  12 inches long; of each color. 

5. Verification of Conditions:  Written confirmation from installer that installation of 
Earthwork Materials installed in accordance with specifications. 

C. Informational Submittals: 

1. Qualification Data:  For qualified testing agency. 
 

2. Pre-excavation Photographs or Videotape:  Show existing conditions of adjoining 
construction and site improvements, including finish surfaces, which might be 
misconstrued as damage caused by earth moving operations.  Submit before earth moving 
begins. 
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1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  Qualified Installers as defined below: 

1. Earthwork Contractor Experience Requirements: Provide a list of at least four Earthwork 
projects of comparable size, scope, and quality completed successfully by the proposed 
Sub Contractor within the past two years that includes the date completed, project 
Owner’s name and current contact information, including telephone numbers and e-mail 
addresses. 

B. Civil/Structural Preconstruction Conference:  Attend Civil/Structural Preconstruction 
Conference.   

1.6 PROJECT CONDITIONS 

A. Traffic:  Minimize interference with adjoining roads, streets, walks, and other adjacent occupied 
or used facilities during earth moving operations. 

1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities 
without permission from Owner and authorities having jurisdiction. 

2. Provide alternate routes around closed or obstructed traffic ways if required by Owner or 
authorities having jurisdiction. 

B. Improvements on Adjoining Property:  If work includes improvements on adjoining property, 
written authorization for performing earth moving indicated on property adjoining Owner's 
property will be obtained by Owner before award of Contract. 

1. Do not proceed with work on adjoining property until directed by Architect. 

C. Utility Locator Service:  Notify utility locator service for area where Project is located before 
beginning earth moving operations. 

D. Do not commence earth moving operations until temporary and permanent erosion- and 
sedimentation-control measures, specified in Division 31 Section “Erosion and Sedimentation 
Control” are in place. 

E. Do not commence earth moving operations until plant-protection measures specified in Division 
31 Section “Site Clearing” are in place. 

F. The following practices are prohibited within tree- or plant-protection zones: 

1. Storage of construction materials, debris, or excavated material. 
2. Parking vehicles or equipment. 
3. Foot traffic. 
4. Erection of sheds or structures. 
5. Impoundment of water. 
6. Excavation or other digging unless otherwise indicated. 
7. Attachment of signs to or wrapping materials around trees or plants unless otherwise 

indicated. 
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8. Directing vehicle or equipment exhaust towards protection zones. 
9. Heat sources, flames, ignition sources, and smoking within or near protection zones. 

G. Existing Hazardous Materials: 

1. If during the performance of the work suspected hazardous materials are encountered, do 
not disturb; immediately notify Architect and Owner.  If present, hazardous materials will 
be removed by Owner under a separate contract. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Soil Materials: 

1. General:  Provide imported soil materials when sufficient satisfactory soil materials are 
not available from onsite excavations.  

2. Topsoil:  Refer to Turf and Grasses Specification, Division 32.  

B. Hazardous Materials:  

1. Provide fill materials that are not contaminated with petroleum product, hazardous waste 
or industrial waste. 

2. Contamination above federal, state or local requirements is not acceptable. Materials with 
a visible sheen or petroleum odor shall be rejected. 

C. Unsuitable Soils:  (Includes excavated native and imported non-granular, granular and structural 
fill materials)  

1. Soil Classification Groups GC, SC, CL, ML, OL, CH, MH, OH, and PT according to 
ASTM D 2487, or a combination of these groups. 

a. Soils Materials shall not contain any absorbent aluminum phyllosilicates, including 
but not limited to: bentonite (sodium, calcium, or potassium), tonstein, 
montmorillonite, kaolinite. or other absorbent clays. 

2. Unsuitable soils also include satisfactory soils not maintained within 2 percent of 
optimum moisture content at time of compaction. 

3. Submitted material testing and analysis shall demonstrate that material classification 
meets ASTM-D2487 USC system criteria and that no unsuitable soil groups, or absorbent 
clays are present. 

D. Non-Granular Fill:  Material is to comply with NYSDOT requirements for Select Borrow and 
Select Fill with modifications shown below.  This material is not allowed in areas where 
granular soils are required, including within the building footprint, below pavement areas or 
below a synthetic turf athletic field. 
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1. On-Site Non-Granular Fill 

a. Submittal must be provided demonstrating that on-site soil material meets the 
criteria outlined in this Section for use as fill material. 

b. Obtain approval of Architect before proceeding with use of on-site material. 

c. Material is to have no particles greater than 3” in maximum dimension, no more 
than 70% by weight passing the #40 sieve and no more than 20% passing the #200 
sieve. 

d. Testing submitted is to demonstrate that proper compaction can be achieved as 
required in Part 3, Execution.  

2. Imported Non-Granular Fill 

a. Where quantity of approved non-granular fill materials required exceeds that 
available from on-site stock-piles, provide suitable material from off-site sources. 

b. Obtain approval of Architect before proceeding with use of imported fill material. 

c. Material is to have no particles greater than 3” in maximum dimension, no more 
than 70% passing by weight the #40 sieve and no more than 15% passing the #200 
sieve. 

d. Testing submitted is to demonstrate that proper compaction can be achieved as 
required in Part 3, Execution.  

E. Structural Fill:  Naturally or artificially graded mixture of natural or crushed gravel, crushed 
stone, and natural or crushed sand. 

1. Type 1 Fill (NYSDOT ITEM No. 304.11 Granular Fill) gradation requirements:  
 

Sieve Designation Percent by Weight Passing 
Square Mesh Sieves 

3 inch 100 
2 inch 90 to 100 
1/4-inch 30 to 65 
#40 5 to 40 
#200 0 to 10 

F. Granular Fill:  Import all granular fill types from off-site sources.  Granular fill consists 
of stone, sand, and gravel, or blends of these materials, free of slag, complying with New York 
State Department of Transportation (NYSDOT) Standard Specification, Section 304, as 
modified below: 

1. Type 2 Fill (NYSDOT ITEM No. 304.12 / Crushed / Blasted Ledge Rock Stone) 
Gradation Requirements.   
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Sieve Designation Percent by Weight Passing 
Square Mesh Sieves 

2 inch 100 
1/4-inch 25 to 60 
#40 5 to 40 
#200 0 to 10 

G. Crushed Stone:  Crushed stone to complying with New York State Department of 
Transportation (NYSDOT) Standard Specifications, Section 703-0201 which is product of 
mechanical crushing.  Where indicated, provide the following fill materials, consisting of clean, 
free of slag, durable, sharp-angled fragments of rock of uniform quality.  The crushed stone 
used as coarse aggregate for all items shall be obtained from sources conforming to the 
requirements of the NYSDOT as to sampling, testing methods, Quarry Reports and any other 
required procedures and complying with following requirements: 

1. NYSDOT No. 1 Crushed Stone Gradation Requirements (NYSDOT 703-4 # 1 Stone): 

Sieve Designation Percent by Weight Passing 
Square Mesh Sieves 

1 inch 100 
1/2-inch 90 to 100 
1/4-inch 0 to 15 
#200 0 to 1 

2. NYSDOT No. 2 Crushed Stone Gradation Requirements (NYSDOT 703-4 #2 Stone): 

Sieve Designation Percent by Weight Passing 
Square Mesh Sieves 

1-1/2 inch 100 
1 inch 90 to 100 
1/2-inch 0 to 15 
#200 0 to 1 

H. Drainage Fill:  Mixture of 50 percent NYSDOT No. 1 crushed stone and 50 percent NYSDOT 
No. 2 crushed stone, complying with New York State Department of Transportation Standard 
Specifications, Section 703-02.  

Sieve Designation Percent by Weight Passing 
Square Mesh Sieves 

1-1/2 inch 100 
1 inch 95 to 100 
1/2-inch 25 to 60 
# 4 0 to 10 
# 8 0 to 5 

I. Sand for general use and/or utility bedding:  ASTM C 33; fine aggregate. 
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2.2 GEOTEXTILES 

A. Separation/Filter Fabric - Nonwoven needle-punched polypropylene geotextile filter/separation 
fabric complying with the following:  

 
Fabric Property Value Test Method 
Grab Tensile Strength 120 lb ASTM D 4632 
Grab Tensile Elongation 50 percent ASTM D 4632 
Trapezoid Tear Strength 50 lbs ASTM D 4533 
CBR Puncture Strength 310 lbs min ASTM D 6241 
Apparent Opening Size No. 70 sieve max ASTM D 4751 
Permittivity 1.7 sec-1 ASTM D 4491 
Flow Rate 135 gal min/ft2 ASTM D 4491 
UV Stability 70% after 500 hours ASTM D 4355 

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. TenCate Mirafi - 140N 
b. Amoco - 4547   
c. Geotex – 451 

 

B. Soil Stabilization Fabric: Heavy duty, commercially manufactured woven polypropylene 
geotextile meeting the following properties: 

 
Fabric Property Test Method Unit Typical Value 
Grab Tensile Strength ASTM D 4632 lbs 200 
Grab Tensile Elongation ASTM D 4632 % 15 
Trapezoidal Tear Strength ASTM D 4533 lbs 75 min. 
CBR Puncture Strength ASTM D 6241 lbs 700 
UV Resistant after 500 hours ASTM D 4355 % Strength 70 
Apparent Opening Size ASTM D 4751 US Sieve 40 
Permittivity ASTM D 4491 sec-1 0.05 
Water Flow Rate ASTM D 4491 gal/min/ft2 4.0 

 
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. TenCate Mirafi - 500X 
b. US Fabrics, Inc. - US 200 
c. Carthage Mills – FX-55 
d. Propex – 200 ST 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions:  Examine conditions under which earthwork is to be accomplished 
in coordination with Installer of materials and components specified in this Section and notify 
affected Prime Contractors and Architect in writing of any conditions detrimental to proper and 
timely accomplishment.  Do not proceed with earthwork until unsatisfactory conditions have 
been corrected in manner acceptable to Installer. 

1. When Installer confirms conditions as acceptable to ensure proper and timely installation 
and to ensure requirements for applicable warranty or guarantee can be satisfied, submit 
to Architect written confirmation from applicable Installer.  Failure to submit written 
confirmation and subsequent installation will be assumed to indicate conditions are 
acceptable to Installer. 

3.2 PREPARATION 

A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by 
settlement, lateral movement, undermining, washout, and other hazards created by earth moving 
operations. 

1. Contractor is entirely responsible for strength and adequacy of bracing and shoring, and 
for safety and support of construction from damage or injury caused by lack of adequate 
protection or by movement or settlement. 

2. Contractors are advised that they are required to comply with Occupational Safety and 
Health Administration’s (OSHA) standards pertaining to excavation. 

3. All excavations must be barricaded at all times using either traffic or A-Frame type 
barricades.  Gaps between barricades may be up to 6-inches wide and must be blocked 
with caution tape. 

B. Protect and maintain erosion and sedimentation controls during earth moving operations. 

C. Protect subgrades and foundation soils from freezing temperatures and frost.  Remove 
temporary protection before placing subsequent materials. 

3.3 UNDERGROUND UTILITY SURVEY 

A. An underground utility survey must be conducted prior to the start of any excavation.  Call 811. 

3.4 EXPLOSIVES 

A. Explosives:  Do not use explosives. 
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3.5 SITE CLEARING 

A. Refer to Division 31 Section "Site Clearing”. 

3.6 EXCAVATION, GENERAL 

A. Classified Excavation:  Excavate to subgrade elevations.  Material to be excavated will be 
classified as earth and rock.  Do not excavate rock until it has been classified and cross 
sectioned by Geotechnical Engineer.  Changes in the Contract Time may be authorized for rock 
excavation. 

1. Earth excavation includes excavating pavements and obstructions visible on surface; 
underground structures, utilities, and other items indicated to be removed; together with 
soil, boulders, and other materials not classified as rock or unauthorized excavation. 

a. Intermittent drilling; ram hammering; or ripping of material not classified as rock 
excavation is earth excavation. 

2. Rock excavation includes removal and disposal of rock (refer to Definitions section: 
“Rock” paragraph above).  Remove rock to lines and subgrade elevations indicated to 
permit installation of permanent construction without exceeding the following 
dimensions: 

a. 24 inches outside of concrete forms other than at footings. 
b. 12 inches outside of concrete forms at footings. 
c. 6 inches outside of minimum required dimensions of concrete cast against grade. 
d. Outside dimensions of concrete walls indicated to be cast against rock without 

forms or exterior waterproofing treatments. 
e. 6 inches beneath bottom of concrete slabs-on-grade. 
f. 6 inches beneath pipe in trenches, and the greater of 24 inches wider than pipe or 

42 inches wide. 

3.7 EXCAVATION FOR WALKS AND PAVEMENTS 

A. Excavate surfaces under walks and pavements to indicated lines, cross sections, elevations, and 
subgrades. 

3.8 EXCAVATION FOR UTILITY TRENCHES 

A. Excavate trenches to indicated gradients, lines, depths, and elevations. 

1. Beyond building perimeter, excavate trenches to allow installation of top of pipe below 
frost line. 

B. Excavate trenches to uniform widths to provide the following clearance on each side of pipe or 
conduit.  Excavate trench walls vertically from trench bottom to 12 inches higher than top of 
pipe or conduit unless otherwise indicated. 

1. Clearance:  12 inches each side of pipe or conduit. 
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C. Trench Bottoms: Excavate trenches 6 inches (150 mm) deeper than bottom of pipe and conduit 
elevations to allow for bedding course. Hand-excavate deeper for bells of pipe. Remove 
projecting stones and sharp objects along trench subgrade. 

3.9 SUBGRADE INSPECTION 

A. Notify Architect when excavations have reached required subgrade. 
B. If Geotechnical Engineer determines that unsuitable soil is present, continue excavation and 

replace with compacted backfill or fill material as directed. 

3.10 PROOF-ROLLING 

A. Proof-roll subgrade below building slabs, concrete pads and pavements with a pneumatic-tired 
and loaded 10-wheel, tandem-axle dump truck weighing 15 tons to identify soft pockets and 
areas of excess yielding.  Do not proof-roll wet or saturated subgrades. 

1. Completely proof-roll subgrade in one direction and repeating proof-rolling in direction 
perpendicular to first direction with a minimum of six overlapping passes. Limit vehicle 
speed to 3 mph. 

2. Excavate soft spots, unsuitable soils, and areas of excessive pumping or rutting, as 
identified by Geotechnical Engineer and as directed by Owner, and replace with 
compacted backfill or fill as directed.  Notify Architect in writing of any required 
remediation. 

3. Foundations:  Proof-roll prior to excavation for foundations but after top soil is stripped.  

B. Reconstruct subgrades damaged by freezing temperatures, frost, rain, accumulated water, or 
construction activities without additional compensation. 

3.11 UNAUTHORIZED EXCAVATION 

A. Fill unauthorized excavation under foundations or wall footings by extending bottom elevation 
of concrete foundation or footing to excavation bottom, without altering top elevation.  CLSM 
(flowable fill), per this specification section, may be used when approved by Architect. 

1. Fill unauthorized excavations under other construction, pipe, or conduit in accordance 
with this Section unless otherwise directed by Geotechnical Engineer. 

3.12 STORAGE OF SOIL MATERIALS 

A. Stockpile borrow soil materials and excavated satisfactory soil materials without intermixing.  
Place, grade, and shape stockpiles to drain surface water.  Cover to prevent windblown dust. 

1. Stockpile soil materials away from edge of excavations.  Do not store within drip line of 
remaining trees. 
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3.13 SOIL STABILIZATION FABRIC 

A. Install soil stabilization fabric:  After subgrade has been compacted and proof-rolled, install soil 
stabilization fabric as specified by the manufacturer, including the following: 

1. Lay fabric in the direction of traffic. 
2. Overlap fabric side to side and end to end a minimum of two feet. 
3. Insure that fabric lies flat during fill placement. 

3.14 BACKFILL 

A. Place and compact backfill in excavations promptly, but not before completing the following: 

1. Construction below finish grade including, where applicable, subdrainage, dampproofing, 
waterproofing, and perimeter insulation. 

2. Surveying locations of underground utilities for Record Documents. 
3. Testing and inspecting underground utilities. 
4. Removing concrete formwork. 
5. Removing trash and debris. 
6. Removing temporary shoring and bracing, and sheeting. 
7. Installing permanent or temporary horizontal bracing on horizontally supported walls. 

B. Place backfill on subgrades free of mud, frost, snow, or ice. 

3.15 UTILITY TRENCH BACKFILL 

A. Place backfill on subgrades free of mud, frost, snow, or ice. 

B. Place and compact bedding course on trench bottoms and where indicated.  Shape bedding 
course to provide continuous support for bells, joints, and barrels of pipes and for joints, 
fittings, and bodies of conduits. 

C. Trenches under Footings:  Backfill trenches excavated under footings and within 18 inches of 
bottom of footings with satisfactory soil; fill with concrete to elevation of bottom of footings.  
Concrete is specified in Division 03 Section Miscellaneous Cast-in-Place Concrete.  

D. Trenches under Roadways:  Provide 4-inch- thick, concrete-base slab support for piping or 
conduit less than 30 inches below surface of roadways.  After installing and testing, completely 
encase piping or conduit in a minimum of 4 inches of concrete before backfilling or placing 
roadway subbase course.  Concrete is specified in Division 03 Section Miscellaneous Cast-in-
Place Concrete.  

E. Backfill voids with satisfactory soil while removing shoring and bracing. 

F. Place and compact initial backfill of subbase material or satisfactory soil, free of particles larger 
than 1 inch in any dimension, to a height of 12 inches over the pipe or conduit. 

1. Carefully compact initial backfill under pipe haunches and compact evenly up on both 
sides and along the full length of piping or conduit to avoid damage or displacement of 
piping or conduit.  Coordinate backfilling with utilities testing. 
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G. Place and compact final backfill of satisfactory soil to final subgrade elevation. 

H. Install warning tape directly above utilities, 12 inches below finished grade, except 6 inches 
below subgrade under pavements and slabs. 

3.16 SOIL FILL 

A. Plow, scarify, bench, or break up sloped surfaces steeper than 1 vertical to 4 horizontal so fill 
material will bond with existing material. 

B. Place and compact fill material in layers to required elevations as follows.  Refer to Part 2 for 
material requirements and specific conditions for the use of each type of soil material.  All fill 
materials to be approved by Architect per requirements noted in Part 2.  

1. Under grass and planted areas: 

a. Use satisfactory non-granular fill material. 

2. Under walks, pavements and exterior slabs: 

a. Use Structural Fill below subbase layer and Type 2 granular fill for subbase layer. 

3. Under steps and ramps 

a. Use structural fill below subbase layer and Type 2 granular fill for subbase layer. 

4. Under catch basins, manholes, vaults or other underground structures. 

a. Use structural fill or as noted on drawings. 

C. Place soil fill on subgrades free of mud, frost, snow, or ice. 

3.17 SOIL MOISTURE CONTROL 

A. Uniformly moisten or aerate subgrade and each subsequent fill or backfill soil layer before 
compaction to within 2 percent of optimum moisture content. 

1. Do not place backfill or fill soil material on surfaces that are muddy, frozen, or contain 
frost or ice. 

2. Remove and replace, or scarify and air dry, otherwise satisfactory soil material that 
exceeds optimum moisture content by 2 percent and is too wet to compact to specified 
dry density. 
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3.18 COMPACTION OF SOIL BACKFILLS AND FILLS 

A. Maximum layer depth before compaction: 

1. Under Pavement:  Place backfill and fill soil materials in layers not more than 8 inches in 
loose depth for material compacted by heavy compaction equipment, and not more than 4 
inches in loose depth for material compacted by hand-operated tampers. 

2. Place backfill and fill soil materials in layers not more than 12 inches in loose depth for 
material compacted by heavy compaction equipment, and not more than 8 inches in loose 
depth for material compacted by hand-operated tampers. 

B. Place backfill and fill soil materials evenly on all sides of structures to required elevations, and 
uniformly along the full length of each structure. 

C. Compact soil materials to not less than the following percentages of maximum dry weight 
density according to ASTM D 1557: 

1. Under structures, steps, and pavements:  

a. Scarify and recompact top 12 inches of existing subgrade and each layer of backfill 
or fill soil material at 95 percent. 

2. Under walkways:  

a. Scarify and recompact top 6 inches below subgrade and compact each layer of 
backfill or fill soil material at 95 percent. 

3. Under natural turf or unpaved areas:   

a. Compact each layer of subgrade backfill or fill soil material at 85 percent.  
Compact all layers beneath the upper 2'-0" to at least 95 percent.  

4. Utility trenches:  

a. Compact each layer of initial and final backfill soil material at 85 percent. 

5. Under catch basins, manholes, vaults or other underground structures. 

a. Scarify and recompact top 12 inches of existing subgrade and each layer of backfill 
or fill soil material at 95 percent. 

3.19 GRADING 

A. General:  Uniformly grade areas to a smooth surface, free of irregular surface changes.  Comply 
with compaction requirements and grade to cross sections, lines, and elevations indicated. 

1. Provide a smooth transition between adjacent existing grades and new grades. 
2. Cut out soft spots, fill low spots, and trim high spots to comply with required surface 

tolerances. 
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B. Site Rough Grading:  Slope grades to direct water away from buildings and to prevent ponding.  
Finish subgrades to required elevations within the following tolerances: 

1. Turf or Unpaved Areas:  Plus or minus 1 inch. 
2. Walks:  Plus or minus 1 inch. 
3. Pavements:  Plus or minus 1/2 inch. 

C. Grading inside Building Lines:  Finish subgrade to a tolerance of 1/2 inch when tested with a 
10-foot straightedge and within +0” / -1” tolerance of bottom of slab.  

3.20 SUBSURFACE DRAINAGE 

A. Drainage Tubing / Subdrainage Pipe:  Specified in Division 33 Section "Storm Utility Drainage 
Piping”. 

B. Subsurface Drain:  Place subsurface drainage geotextile around perimeter of subdrainage trench 
as shown in Drawings. 

1. Compact each filter material layer to 85 percent of maximum dry unit weight according 
to ASTM D 698. 

C. Drainage Backfill:  Place and compact filter material over subsurface drain, in width indicated, 
to within 12 inches of final subgrade, in compacted layers 6 inches thick.  Overlay drainage 
backfill with one layer of subsurface drainage geotextile, overlapping sides and ends at least 6 
inches. 

1. Compact each filter material layer to 85 percent of maximum dry unit weight according 
to ASTM D 698 with a minimum of two passes of a plate-type vibratory compactor. 

3.21 SUBBASE AND BASE COURSES UNDER PAVEMENTS AND WALKS 

A. Place granular fill base course on subgrades free of mud, frost, snow, or ice. 

B. On prepared subgrade, place granular fill base course under pavements and walks as follows: 

1. Place base course material over subgrade under hot-mix asphalt pavement. 

a. If separation geotextile is shown in details, install on prepared subgrade according 
to manufacturer's written instructions, overlapping sides and ends. 

2. Shape base course to required crown elevations and cross-slope grades. 

3. Place base course 6 inches or less in compacted thickness in a single layer. 

4. Place base course that exceeds 6 inches in compacted thickness in layers of equal 
thickness, with no compacted layer more than 6 inches thick or less than 3 inches thick. 

5. Compact base course at optimum moisture content to required grades, lines, cross 
sections, and thickness to not less than 95 percent of maximum dry unit weight according 
to ASTM D 1557. 
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3.22 SUB BASE FOR CONCRETE SLABS-ON-GRADE 

A. Place sub base on subgrades free of mud, frost, snow, or ice. 

B. On prepared subgrade, place and compact sub base under cast-in-place concrete slabs-on-grade 
as follows: 

1. Place sub base 8 inches or less in compacted thickness in a single layer. 
2. Place sub base that exceeds 8 inches in compacted thickness in layers of equal thickness, 

with no compacted layer more than 8 inches thick or less than 3 inches thick. 
3. Compact each layer of sub base to required cross sections and thicknesses to not less than 

95 percent of maximum dry density according to ASTM D 4254. 

3.23 FIELD QUALITY CONTROL 

A. Testing Agency:  Owner will engage a qualified geotechnical engineering testing agency to 
perform tests and inspections unless otherwise noted. 

B. Allow testing agency to inspect and test subgrades and each fill or backfill layer.  Proceed with 
subsequent earth moving only after test results for previously completed work comply with 
requirements. 

C. Inspections and tests: 

1. Geotechnical observations:  Proof rolling procedures, site preparation, unsuitable soils 
removal, excavations, footing bearing, and fill placement. 

 
2. Field Density Testing: 

 
a. Footing Subgrade:  At footing subgrades, at least one test of each soil stratum will 

be performed to verify design bearing capacities.  Subsequent verification and 
approval of other footing subgrades may be based on a visual comparison of 
subgrade with tested subgrade when approved by Geotechnical Engineer. 

 
b. Testing agency will test compaction of soils in place according to ASTM D 1556, 

ASTM D 2167, ASTM D 2922, and ASTM D 2937, as applicable.  Tests will be 
performed at the following locations and frequencies: 

1) Paved and Building Slab Areas:  At subgrade and at each compacted fill and 
backfill layer, at least one test for every 2,000 sq. ft. or less of paved area or 
building slab, but in no case fewer than three tests. 

2) Trench Backfill:  At each compacted initial and final backfill layer, at least 
one test for every 150 feet or less of trench length, but no fewer than two 
tests. 

 
c. When testing agency reports that subgrades, fills, or backfills have not achieved 

degree of compaction specified, scarify and moisten or aerate, or remove and 
replace soil materials to depth required; recompact and retest until specified 
compaction is obtained. 
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3. Laboratory testing for on-site fills: 

a. ASTM D 1557 Modified Proctor compaction curve including sieve analysis. 

3.24 PROTECTION 

A. Protecting Graded Areas:  Protect newly graded areas from traffic, freezing, and erosion.  Keep 
free of trash and debris. 

B. Repair and reestablish grades to specified tolerances where completed or partially completed 
surfaces become eroded, rutted, settled, or where they lose compaction due to subsequent 
construction operations or weather conditions. 

1. Scarify or remove and replace soil material to depth as directed by Geotechnical Engineer 
or Architect; reshape and recompact. 

C. Where settling occurs before Project correction period elapses, remove finished surfacing, 
backfill with additional soil material, compact, and reconstruct surfacing. 

1. Restore appearance, quality, and condition of finished surfacing to match adjacent work, 
and eliminate evidence of restoration to greatest extent possible. 

3.25 DISPOSAL OF SURPLUS AND WASTE MATERIALS 

A. Remove surplus satisfactory soil and waste materials, including unsatisfactory soil, trash, and 
debris, and legally dispose of them off Owner's property. 

END OF SECTION 31 20 00 
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SECTION 32 12 16 - ASPHALT PAVING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

B. The principle reference for materials and methods is the “New York State Department of 
Transportation Standard Specifications for Construction and Materials,” latest edition (NYSS). 

1.2 SUMMARY 

A. Section Includes: 

1. Hot-mix asphalt paving. 
2. Hot-mix asphalt patching. 
3. Pavement-marking paint. 

B. Related Sections: 

1. Section 31 20 00 "Earth Moving" for subgrade and aggregate base preparation and other 
requirements. 

1.3 SUBMITTALS 

A. General: Submit all action submittals and informational submittals required by this Section 
concurrently. 

B. Action Submittals: 

1. Product Data:  For each type of product indicated.  Include technical data and tested 
physical and performance properties. 

a. Job-Mix Designs:  For each job mix proposed for the Work. 

C. Qualification Data:   

1. Asphalt Paving Installer Experience Listing: Submit list of completed projects using 
products proposed for this Project demonstrating compliance with applicable 
requirements specified below in “Quality Assurance” article. 

2. Manufacturer’s Certificates:  Certify that hot mix asphalt products meet or exceed 
NYSDOT Standard Specifications: 

a. Section 401:  Plant Production 
b. Section 402:  Hot Mix Asphalt (HMA) Pavements 
c. Section 407:  Tack Coat 
d. Section 685:  Pavement Markings 

32 12 16 
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1.4 QUALITY ASSURANCE 

A. Manufacturer and Mixing Plant Qualifications:  A paving-mix manufacturer and mixing plant 
with NYSDOT approved materials and batch plant equipment complying with the following 
NYSDOT Standard Specifications: 

1. Section 401:  Plant Production 
2. Section 402:  Hot Mix Asphalt (HMA) Pavements. 

B. Asphalt Paving Installer:  Company specializing in performing work described in this section 
with minimum experience of three years. 

C. Permits:  Submit certified copies of all permits obtained from local regulatory agencies and 
New York State Department of Transportation. 

D. Installation Requirements:  Work to be performed in accordance with the following NYSDOT 
Standard Specifications: 

1. Section 402:  Hot Mix Asphalt (HMA) Pavements 
2. Section 407:  Tack Coat 

1.5 REGULATORY REQUIREMENTS 

A. Obtain written permission and required permits from applicable agency prior to start of 
construction and submit copies of permits as specified in “Submittals - Quality Control 
Submittals” above. 

1.6 PROJECT CONDITIONS 

A. Temperature and Seasonal Limitations:  Refer to NYSDOT 402-3.01 Temperature and Seasonal 
Limitations.   

1. Do not apply asphalt materials if subgrade is wet or excessively damp, if rain is imminent 
or expected before time required for adequate cure, if the temperature has not been above 
35 deg for 12 hours immediately prior to application or if the following minimum surface 
temperatures are not met. 

2. Minimum Surface Temperatures:  Comply with NYSDOT Standard Specifications 
Section 402, table 402-1 – Temperature Requirements. 

B. Pavement-Marking Paint:  Proceed with pavement marking only on clean, dry surfaces and at a 
minimum ambient or surface temperature in accordance with NYSDOT Standard Specifications 
Section 685-3.02 – Atmospheric Conditions. 
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PART 2 - PRODUCTS 

2.1 AGGREGATE SUBBASE AND BASE FOR ASPHALT PAVING 

A. Refer to Division 31 Section "Earth Moving" for aggregate subbase and base courses and for 
aggregate pavement shoulders. 

2.2 ASPHALT PAVING MIX AGGREGATES 

A. Aggregates for binder and top course:  Conform to the requirements of NYSDOT Standard 
Specification 401-2.02, Aggregates. 

2.3 ASPHALT MATERIALS 

A. Hot-Mix Asphalt:  Dense, hot-laid, hot-mix asphalt plant mixes meeting NYSDOT Standard 
Specifications, Section 402 (70 Series) for each pavement course and complying with the 
following requirements: 

1. Provide mixes with a history of satisfactory performance in geographical area where 
Project is located. 

2. Mixes to be placed at thickness noted on the Drawings. 
3. Binder Course (2-in < t < 3-in): NYSDOT No. 402.197904 (Type 3 Binder). Maximum 

20% RAP permitted.  
4. Binder Course (3-in < t < 5-in): NYSDOT No. 402.257904 (Type 3 Binder). Maximum 

20% RAP permitted.  
5. Shim Course: NYSDOT No. 402.058904 (Type 5 Shim).  Maximum 20% RAP 

permitted. 
6. Top Course: NYSDOT No. 402.097304 (Type 7.)  Maximum 20% RAP permitted. 

B. Coatings/Fillers:  Comply with New York State Department of Transportation Standard 
Specification, Section 702 for material designations indicated. 

1. Tack Coat: Emulsified asphalt 

a. Slow setting type; NYSDOT Designation 702-3601 (SS-1h) or 702-4501 (CSS-
1h). 

b. Medium setting type; NYSDOT Designation 702-3401 (HFMS-2H) or 702-4301 
(CMS-2h) 

2. Asphalt Cement Filler: NYSDOT Designation 702-0700. 

C. Water:  Potable. 

2.4 PAVEMENT MARKING PAINT 

A. Complying with NYSDOT Standard Specifications: 

1. Section 727-09:  White and Yellow Solvent Borne Acrylic Permanent Traffic Paint  
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2. Colors:   

a. White for asphalt striping and signage 

1) Lane Markings for traffic in the same direction 

b. Yellow for traffic markings  

1) No parking parent / bus drop-off zones 
2) No parking fire lanes 
3) Lane Markings for opposing traffic 
4) Parking Stalls – Confirm with owner 

c. Blue for the following locations: 

1) ADA Accessible symbol and associated ADA Accessible striping 

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. TM 5626 White Setfast Acrylic Traffic Marking Paint, Sherwin Williams 
Company, Baltimore, MD 

b. TM 5627 Yellow Setfast Acrylic Traffic Marking Paint, Sherwin Williams 
Company, Baltimore, MD 

c. TM 2133 Blue Setfast Latex Traffic Marking Paint, Sherwin Williams Company, 
Baltimore, MD 

B. Pavement Striping Blackout Paint:  Opaque, high quality, exterior grade primer compatible with 
existing asphalt surface and pavement marking paint. 

 
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. TM 5629 Black Setfast Acrylic Traffic Marking Paint, Sherwin Williams 
Company, Baltimore, MD 

2.5 AUXILIARY MATERIALS 

A. Soil Stabilization Fabric:  Refer to Section 31 20 00 "Earth Moving". 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that subgrade is dry and in suitable condition to begin paving. 
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B. Proof-roll subgrade below pavements with heavy pneumatic-tired equipment to identify soft 
pockets and areas of excess yielding.  Do not proof-roll wet or saturated subgrades. 

1. Completely proof-roll subgrade in one direction, repeating proof-rolling in direction 
perpendicular to first direction.  Limit vehicle speed to 3 mph. 

2. Proof roll with a loaded 10-wheel, tandem-axle dump truck weighing not less than 15 
tons. 

3. Excavate soft spots, unsatisfactory soils, and areas of excessive pumping or rutting, as 
determined by Architect, and replace with compacted backfill or fill as directed. 

a. Subsurface preparation shall conform to the appropriate section of NYSS. 

4. After rolling, test course with straight edge min.  15 ft. long.  Satisfactorily eliminate any 
depression over 1/4" deep.   

5. Proceed with paving only after unsatisfactory conditions have been corrected. 

C. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

D. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 SAWCUTTING 

A. Saw cut existing pavement perpendicular to the roadway surface in neat lines.  If the pavement 
breaks irregularly along the cut line during removal, saw cut the entire length of pavement again 
to achieve one uniform, straight, and neat line. 

3.3 TACK COAT 

A. Apply in accordance with NYSDOT Standard Specifications Section 407-3.02. 

1. Allow tack coat to cure undisturbed before applying hot-mix asphalt paving. 
2. Avoid smearing or staining adjoining surfaces, appurtenances, and surroundings.  

Remove spillages and clean affected surfaces. 

B. Manhole and Catch Basin Frames and Grates: 

1. Coat surfaces of frames and grates with oil to prevent asphalt adherence to surfaces.  Do 
not tack coat. 
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3.4 PATCHING  

A. Hot-Mix Asphalt Pavement:   

1. Preparation:  Saw cut perimeter of patch and excavate existing pavement section to sound 
base.  Excavate rectangular or trapezoidal patches, extending the minimum distance 
shown on Drawings into adjacent sound pavement, unless otherwise indicated.  Cut 
excavation faces vertically.  Remove excavated material.  Recompact existing unbound-
aggregate base course to form new subgrade.  Apply tack coat. 

2. Patching:  Partially fill excavated pavements with hot-mix asphalt base mix and, while 
still hot, compact.  Cover asphalt base course with compacted, hot-mix surface layer 
finished flush with adjacent surfaces. 

3. Use hot-applied joint sealant to seal new joints.  Fill flush with surface of existing 
pavement and remove excess. 

3.5 REPAIRS 

A. Leveling Course:  Install and compact leveling course consisting of hot-mix asphalt surface 
course to level sags and fill depressions deeper than 1 inch in existing pavements. 

1. Install leveling wedges in compacted lifts not exceeding 3 inches thick. 

B. Crack and Joint Filling:  Remove existing joint filler material from cracks or joints to a depth of 
1/4 inch. 

1. Clean cracks and joints in existing hot-mix asphalt pavement. 
2. Use emulsified-asphalt slurry to seal cracks and joints less than 1/4 inch wide.  Fill flush 

with surface of existing pavement and remove excess. 
3. Use hot-applied joint sealant to seal cracks and joints more than 1/4 inch wide.  Fill flush 

with surface of existing pavement and remove excess. 

3.6 SURFACE PREPARATION 

A. General:  Immediately before placing asphalt materials, remove loose and deleterious material 
from substrate surfaces.  Ensure that prepared subgrade is ready to receive paving. 

B. Herbicide Treatment:  Apply herbicide according to manufacturer's recommended rates and 
written application instructions.  Apply to dry, prepared subgrade or surface of compacted-
aggregate base before applying paving materials. 

1. Herbicide Application:  Obtain approval of Owner before herbicide notification or 
application.  Notify Owner’s designated pesticide representative and all property 
neighbors not less than 48 hours in advance of any pesticide application including all 
herbicides, insecticides and fungicides in accordance with the School Pesticide Neighbor 
Notification Law, Section 409-h of New York State Education Law and Commissioner's 
Regulation 155.24. 
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C. Tack Coat:  Apply tack coat. 

3.7 HOT-MIX ASPHALT PLACING 

A. Hot-Mix Asphalt Paving Application:  Provide finished surface free from depressions that could 
collect water.  Satisfactorily remove, at Contractor's expense, any depressions over 1/8" when 
tested with 6-foot straight edge without evidence of patching.  Carry all paving to wood 
stripping, curbing or to location shown on Drawings. 

B. Application Over Aggregate Base:  

1. Heavy Duty, Auto Duty and Light Duty Asphalt Areas:  Apply over aggregate base in 2 
courses. Comply with New York State Department of Transportation Standard 
Specification, Section 401 and Section 402, for asphalt types specified. 

C. Placement:  Machine place hot-mix asphalt on prepared surface, spread uniformly, and strike 
off.  Place asphalt mix by hand to areas inaccessible to equipment in a manner that prevents 
segregation of mix.  Place each course to required grade, cross section, and thickness when 
compacted. 

1. Place hot-mix asphalt base course in number of lifts and thicknesses indicated. 
2. Spread mix at minimum temperature of 250 deg F. 
3. Begin applying mix along centerline of crown for crowned sections and on high side of 

one-way slopes unless otherwise indicated. 
4. Regulate paver machine speed to obtain smooth, continuous surface free of pulls and 

tears in asphalt-paving mat. 

D. Place paving in consecutive strips not less than 10 feet wide unless infill edge strips of a lesser 
width are required. 

1. After first strip has been placed and rolled, place succeeding strips and extend rolling to 
overlap previous strips.  Complete a section of asphalt base course before placing asphalt 
surface course. 

E. Promptly correct surface irregularities in paving course behind paver.  Use suitable hand tools 
to remove excess material forming high spots.  Fill depressions with hot-mix asphalt to prevent 
segregation of mix; use suitable hand tools to smooth surface. 

3.8 JOINTS 

A. Construct joints to ensure a continuous bond between adjoining paving sections.  Construct 
joints free of depressions, with same texture and smoothness as other sections of hot-mix 
asphalt course. 

1. Clean contact surfaces and apply tack coat to joints. 

2. Offset longitudinal joints, in successive courses, a minimum of 6 inches. 

3. Offset transverse joints, in successive courses, a minimum of 24 inches. 
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4. Construct transverse joints at each point where paver ends a day's work and resumes 
work at a subsequent time.  Construct these joints using either "bulkhead" or "papered" 
method according to AI MS-22, for both "Ending a Lane" and "Resumption of Paving 
Operations."  

5. Compact joints as soon as hot-mix asphalt will bear roller weight without excessive 
displacement. 

6. Compact asphalt at joints to a density within 2 percent of specified course density. 

7. Use hot-applied joint sealant to seal new joints.  Fill flush with surface of existing 
pavement and remove excess. 

3.9 COMPACTION 

A. General:  Begin compaction as soon as placed hot-mix paving will bear roller weight without 
excessive displacement.  Compact hot-mix paving with hot, hand tampers or with vibratory-
plate compactors in areas inaccessible to rollers. 

1. Complete compaction before mix temperature cools to 185 deg F. 

B. Breakdown Rolling:  Complete breakdown or initial rolling immediately after rolling joints and 
outside edge.  Examine surface immediately after breakdown rolling for indicated crown, grade, 
and smoothness.  Correct laydown and rolling operations to comply with requirements. 

C. Intermediate Rolling:  Begin intermediate rolling immediately after breakdown rolling while 
hot-mix asphalt is still hot enough to achieve specified density.  Continue rolling until hot-mix 
asphalt course has been uniformly compacted to the following density: 

1. Average Density:  96 percent of reference laboratory density according to AASHTO T 
245, but not less than 94 percent or greater than 100 percent. 

D. Finish Rolling:  Finish roll paved surfaces to remove roller marks while hot-mix asphalt is still 
warm. 

E. Edge Shaping:  While surface is being compacted and finished, trim edges of pavement to 
proper alignment.  Bevel edges while asphalt is still hot; compact thoroughly. 

F. Repairs:  Remove paved areas that are defective or contaminated with foreign materials and 
replace with fresh, hot-mix asphalt.  Compact by rolling to specified density and surface 
smoothness. 

G. Protection:  After final rolling, do not permit vehicular traffic on pavement until it has cooled 
and hardened. 

H. Erect barricades to protect paving from traffic until mixture has cooled enough not to become 
marked. 
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3.10 INSTALLATION TOLERANCES 

A. Pavement Thickness:  Compact each course to produce the thickness indicated within the 
following tolerances: 

1. Base Course:  Plus 1/2 inch, no minus. 
2. Surface Course:  Plus 1/4 inch, no minus. 

B. Pavement Surface Smoothness:  Compact each course to produce a surface smoothness within 
the following tolerances as determined by using a 10-foot straightedge applied transversely or 
longitudinally to paved areas: 

1. Base Course:  1/4 inch. 
2. Surface Course:  1/8 inch. 
3. Crowned Surfaces:  Test with crowned template centered and at right angle to crown.  

Maximum allowable variance from template is 1/4 inch. 

C. Pavement Surface Drainage:  Pavement is to drain to catch basin, swale or other storm drainage 
control measure as indicated on Drawings or, if not indicated on drawings, to nearest storm 
drainage control measure. 

D. Pavement Remediation:  If pavement surface smoothness and drainage requirements above are 
not met, correct to meet tolerance and performance requirements.  If remediation is not 
acceptable to Architect, removal and replacement of area will be required. Feather and smooth 
edges of correction measure so that joint is invisible. 

3.11 PAVEMENT MARKING 

A. Do not apply pavement-marking paint until layout, colors, and placement have been verified 
with Architect. 

B. Perform work in accordance with NYSDOT Standard Specifications Section 727-09.   

C. Sweep and clean surface to eliminate loose material and dust. 

D. Surface must be clean, dry and in sound condition.  Remove all oil, dust, grease, dirt, loose rust, 
and other foreign material to ensure adequate adhesion. 

E. Apply paint with mechanical equipment to produce pavement markings, of dimensions 
indicated, with uniform, straight edges.  Apply at manufacturer's recommended application 
conditions (temperature, dew point, humidity) and rates to provide a minimum wet film 
thickness of 15 mils and minimum dry film thickness of 7.5 mils. 

F. Do not apply pavement marking paint to concrete surfaces with concrete sealers or 
efflorescence.  Remove by extended weathering, etching, or abrasive blasting.  
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3.12 FIELD QUALITY CONTROL 

A. Testing Agency:  Owner will engage a qualified testing agency to perform tests and inspections. 
B. Thickness: In-place compacted thickness of hot-mix asphalt courses will be determined 

according to ASTM D 3549. 
C. Surface Smoothness:  Finished surface of each hot-mix asphalt course will be tested for 

compliance with smoothness tolerances. 
D. Replace and compact hot-mix asphalt where core tests were taken. 
E. Remove and replace or install additional hot-mix asphalt where test results or measurements 

indicate that it does not comply with specified requirements. 

3.13 FLOOD TESTING 

A. Flood Tests: Perform flood test in the presence of the Architect using water tank truck to 
confirm that pavement surface smoothness and surface storm drainage requirements are met.  

3.14 CLEANING AND DISPOSAL 

A. Paver and Equipment Cleaning:   

1. Do not clean tools and equipment used for HMA placement on the pavement surface, or 
near streams, ponds, drainage structures or other areas that are tributaries to waterways.  

2. Use an area approved by the Owner’s Representative for cleaning all paving equipment 
and tools.   

a. If possible, remove solid pieces of asphalt by scraping or other mechanical means 
prior to application of a cleaning agent.  

3. If a petroleum product is used for cleaning, contain all liquid products during cleaning 
operations using tarpaulins, sand pads, pails, or other collection methods to prevent 
spillage or accidental release.   

a. Use hand sprayers or other similar devices to minimize the amount of petroleum 
product applied.  

4. Properly dispose of sand and collected petroleum products as petroleum contaminated 
soil at no additional cost to the Owner. 

B. Remove excavated materials from Project site and legally dispose of them in an EPA-approved 
landfill. 

END OF SECTION 32 12 16 
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SECTION 32 13 13 - CONCRETE PAVING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Sidewalks. 
2. Joint Sealant. 
3. Concrete Sealer. 
4. Curing materials. 
5. Joint forming materials. 
6. Joint Filler. 
7. Sealers 

B. Related Sections: 

1. Section 03 30 53 - Miscellaneous Cast-in-Place Concrete for general concrete mix, 
materials, installation, and building-related concrete requirements. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals and informational submittals required by this Section 
concurrently. 

B. Refer to Div 03 concrete section for concrete submittal requirements, material certificates, 
installer qualification data and other required action and informational submittals. 

1.4 ACTION SUBMITTALS 

A. Provide Product Data and Testing Information for each type of product indicated. 

1. Forms 
2. Form release agent 
3. Sealer 
4. Joint Sealant 
5. Curing Compound 
6. Expansion Joint Material 
7. Expansion Joint Forming System 

32 13 13 
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1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For Installer and manufacturer.  (Refer to Div 03 concrete section for 
requirements.) 

1.6 QUALITY ASSURANCE 

A. For Installer and Manufacturer requirements, refer to Div 03 concrete section. 

B. Mockups:  Build mockups to verify selections made under sample submittals and to 
demonstrate aesthetic effects and set quality standards for materials and execution. 

1. Build mockups of full-thickness sections of concrete paving to demonstrate typical joints; 
surface finish, texture, and color; curing; and standard of workmanship in the location 
and of the size indicated where directed by Architect and not less than 96 inches by 96 
inches.   

2. Approval of mockups does not constitute approval of deviations from the Contract 
Documents contained in mockups unless Architect specifically approves such deviations 
in writing. 

3. Approved mockups may become part of the completed Work if undisturbed at time of 
Substantial Completion. 

1.7 PREINSTALLATION MEETING 

A. Concrete Paving Preinstallation Conference:  Conduct conference at Project site. 

1. Before submitting design mixtures, review concrete design mixture and examine proce-
dures for ensuring quality of concrete materials.  Require representatives of each entity 
directly concerned with cast-in-place architectural concrete to attend, including the fol-
lowing: 

a. Contractor's superintendent. 
b. Independent testing agency responsible for concrete design mixtures. 
c. Ready-mix concrete manufacturer. 
d. Cast-in-place architectural concrete subcontractor. 

 
2. Review concrete finishes and finishing, cold- and hot-weather concreting procedures, 

curing procedures, construction joints, forms and form-removal limitations, 
reinforcement accessory installation, concrete repair procedures, and protection of cast-
in-place architectural concrete. 

1.8 PROJECT CONDITIONS 

A. Traffic Control:  Maintain access for vehicular and pedestrian traffic as required for other 
construction activities. 
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PART 2 - PRODUCTS 

2.1 Refer to Div 03 concrete section for products, unless noted below. 

2.2 FORMS 

A. Form Materials:  Metal, metal-framed plywood, or other approved panel-type materials to 
provide full-depth, continuous, straight, and smooth exposed surfaces. 

1. Use flexible or uniformly curved forms for curves with a radius of 100 feet or less.  Do 
not use notched and bent forms. 

B. Form-Release Agent:  Commercially formulated form-release agent that will not bond with, 
stain, or adversely affect concrete surfaces and that will not impair subsequent treatments of 
concrete surfaces. 

2.3 CONCRETE MATERIALS 

A. Refer to Div 03 concrete section for cementitious material, aggregates, admixtures, and other 
concrete materials. 

2.4 FIBER REINFORCEMENT 

A. Refer to Div 03 concrete section for fiber reinforcement materials. 

2.5 CURING MATERIALS 

A. Standard Concrete Curing Compound:  Clear, Waterborne, Membrane-Forming Curing 
Compound in accordance with ASTM C 309, Type 1-D, Class B, dissipating, with fugitive dye. 
Minimum 2-coats required. 

2.6 SEALER 

A. Standard Concrete Sealer:  Penetrating, Silane Sealer: Single component, 40% silane, 
waterbased slab sealer that forms chemical bond to the concrete. VOC compliant. 

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. BASF Construction Chemicals; MasterProtect H 400. 
b. Chem Masters; Aquanil Plus 40. 
c. Dayton Superior Corporation; Weather Worker 40% J29WB. 
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2.7 JOINT SEALANT 

A. Joint Sealant:  Two-part, elastomeric polyurethane or polysulfide-based pourable self-leveling 
joint sealant complying with ASTM C 920, Type M, Grade P, Class 25, NT and CRD-C-506, 
Type 1, Classes A & B.  

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. BASF Building Systems; Sonolastic SL 2.  

1) Color for uncolored concrete:  Limestone. 

b. W.R. Meadows, Inc.; Deck-O-Seal Sealant.   

1) Color for uncolored concrete:  Stone Gray.  

2.8 EXPANSION JOINT MATERIALS 

A. Expansion/Isolation-Joint-Filler Strips:  ½-inch rigid, extruded polystyrene insulation (at 
exterior walls) ASTM D 1751; asphalt-saturated cellulosic fiber, or ASTM D 1752. 

B. Plastic Expansion Joint Forming System (“Zip-Strip”):  Plastic joint form plus cap. 

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following: (inserted space) 

a. W.R. Meadows, Inc.; Snap-Cap.  

2.9 PAVEMENT MARKINGS 

A. Pavement-Marking Paint:  MPI #32 Alkyd Traffic Marking Paint. 
B. Color:  White, Blue. 

2.10 CONCRETE MIXTURES 

A. Refer to Div 03 concrete section for concrete mixtures. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine exposed subgrades and subbase surfaces for compliance with requirements for 
dimensional, grading, and elevation tolerances. 



Tetra Tech CONCRETE PAVING 
Architects & Engineers Project No. 203778-21001 32 13 13 / Page 5 

B. Proof-roll prepared subbase surface below concrete paving in accordance with Section 31 20 00 
“Earth Moving”.  Identify soft pockets and areas of excess yielding.  

1. Completely proof-roll subbase in one direction and repeat in perpendicular direction.   

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

D. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 PREPARATION 

A. Remove loose material from compacted subbase surface immediately before placing concrete. 

3.3 EDGE FORMS AND SCREED CONSTRUCTION 

A. Set, brace, and secure edge forms, bulkheads, and intermediate screed guides to required lines, 
grades, and elevations.  Install forms to allow continuous progress of work and so forms can 
remain in place at least 24 hours after concrete placement. 

B. Clean forms after each use and coat with form-release agent to ensure separation from concrete 
without damage. Split, frayed, delaminated, or otherwise damaged form-facing material will not 
be acceptable for exposed surfaces.  Apply new form-release agent. 

3.4 STEEL REINFORCEMENT 

A. Refer to Div 03 concrete section for steel reinforcement. 

3.5 JOINTS 

A. General:  Form construction, expansion/isolation, and contraction joints and tool edges true to 
line, with faces perpendicular to surface plane of concrete.  Construct transverse joints at right 
angles to centerline unless otherwise indicated. 

1. When joining existing paving, place transverse joints to align with previously placed 
joints unless otherwise indicated. 

B. Construction Joints:  Set construction joints at side and end terminations of paving and at 
locations where paving operations are stopped for more than one-half hour unless paving 
terminates at isolation joints. 

1. Keyed Joints:  Provide preformed keyway-section forms or bulkhead forms with keys 
unless otherwise indicated.  Embed keys at least 1-1/2 inches into concrete. 

2. Doweled Joints:  Install dowel bars and support assemblies at joints where indicated.  
Lubricate or coat with asphalt one-half of dowel length to prevent concrete bonding to 
one side of joint. 
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C. Expansion / Isolation Joints:  Form isolation joints of preformed joint-filler strips abutting 
concrete curbs, catch basins, manholes, inlets, structures, other fixed objects, and where 
indicated. 

1. Locate expansion joints at intervals of 30 feet maximum unless otherwise indicated. 

2. Extend joint fillers full width and depth of joint. 

3. Plastic Expansion Joint Forming System (“Zip Strip”). Install so that cap of channel is 
flush with surrounding concrete pavement.  Install per manufacturer’s installation 
instructions.  Remove plastic cap after concrete is cured. 

4. Terminate joint filler not less than 1/2 inch or more than 1 inch below finished surface if 
joint sealant is indicated. 

5. Furnish joint fillers in one-piece lengths.  Where more than one length is required, lace or 
clip joint-filler sections together. 

D. Control / Contraction Joints:  Form weakened-plane contraction joints, sectioning concrete into 
areas as indicated.  Construct contraction joints for a depth equal to at least one-fourth of the 
concrete thickness, as follows, to match jointing of existing adjacent concrete paving unless 
otherwise noted: 

1. Tooled / Grooved Joints:  Form contraction joints after initial floating by grooving and 
finishing each edge of joint with grooving tool to a 1/4-inch radius.  Repeat grooving of 
contraction joints after applying surface finishes.  Eliminate edging-tool marks on 
concrete surfaces. 

a. Tolerance:  Ensure that grooved joints are within 3 inches either way from centers 
of dowels. 

2. Tooled / Grooved and Sawed Joints:  Form contraction joints with power saws equipped 
with shatterproof abrasive or diamond-rimmed blades.  Cut 1/8-inch-wide joints into 
concrete when cutting action will not tear, abrade, or otherwise damage surface and 
before developing random contraction cracks.  Sawed joints without tooling are not 
allowed. 

E. Edging:  After initial floating, tool edges of paving, gutters, curbs, and joints in concrete with an 
edging tool to a 1/4-inch radius.  Repeat tooling of edges after applying surface finishes.  
Eliminate edging-tool marks on concrete surfaces. 

3.6 CONCRETE PLACEMENT 

A. Refer to Div 03 concrete section for concrete placement information. 

B. Before placing concrete, inspect and complete formwork installation, steel reinforcement, and 
items to be embedded or cast-in. 

C. Remove snow, ice, or frost from subbase surface and steel reinforcement before placing 
concrete.  Do not place concrete on frozen surfaces. 
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D. Moisten subbase to provide a uniform dampened condition at time concrete is placed.  Do not 
place concrete around manholes or other structures until they are at required finish elevation and 
alignment. 

E. Comply with ACI 301 requirements for measuring, mixing, transporting, and placing concrete. 

F. Before test sampling and placing concrete, water may be added at Project site, subject to 
limitations of ACI 301, (4.3.2.1 Slump Adjustment).  

1. With each concrete mixture submittal, indicate amounts of mixing water to be withheld 
for later addition at Project site. 

2. Water added must not increase the water-cement ratio past the approved mix design ratio. 

3. Add additional water reducer or plasticizer to mix instead of adding water to achieve 
flowable, workable concrete. Do not add water to concrete after adding these admixtures 
to mixture. 

4. Do not add water after truck is more than half empty. 

G. Deposit and spread concrete in a continuous operation between transverse joints.  Do not push 
or drag concrete into place or use vibrators to move concrete into place. 

H. Consolidate concrete according to ACI 301 by mechanical vibrating equipment supplemented 
by hand spading, rodding, or tamping. 

1. Consolidate concrete along face of forms and adjacent to transverse joints with an 
internal vibrator.  Keep vibrator away from joint assemblies, reinforcement, or side 
forms.  Use only square-faced shovels for hand spreading and consolidation.  Consolidate 
with care to prevent dislocating reinforcement dowels and joint devices. 

I. Screed paving surface with a straightedge and strike off. 

J. Commence initial floating using bull floats or darbies to impart an open-textured and uniform 
surface plane before excess moisture or bleed water appears on the surface.  Do not further 
disturb concrete surfaces before beginning finishing operations or spreading surface treatments. 

K. Cold-Weather Placement:  Protect concrete work from physical damage or reduced strength that 
could be caused by frost, freezing, or low temperatures.  Comply with ACI 306.1 and the 
following: 

1. When average high and low temperature is expected to fall below 40 deg F for three 
successive days, maintain delivered concrete mixture temperature within the temperature 
range required by ACI 301. 

2. Do not use frozen materials or materials containing ice or snow.  Do not place concrete 
on frozen subgrade or on subgrade containing frozen materials. 

3. Do not use calcium chloride, salt, or other materials containing antifreeze agents or 
chemical accelerators unless otherwise specified and approved in mixture designs. 
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L. Hot-Weather Placement:  Comply with ACI 301 and as follows when hot-weather conditions 
exist: 

1. Cool ingredients before mixing to maintain concrete temperature below 90 deg F at time 
of placement.  Chilled mixing water or chopped ice may be used to control temperature, 
provided water equivalent of ice is calculated in total amount of mixing water.  Using 
liquid nitrogen to cool concrete is Contractor's option. 

2. Cover steel reinforcement with water-soaked burlap so steel temperature will not exceed 
ambient air temperature immediately before embedding in concrete. 

3. Fog-spray forms, steel reinforcement, and subgrade just before placing concrete.  Keep 
subgrade moisture uniform without standing water, soft spots, or dry areas. 

3.7 FLOAT FINISHING 

A. General:  Do not add water to concrete surfaces during finishing operations. 

B. Float Finish:  Begin the second floating operation when bleed-water sheen has disappeared and 
concrete surface has stiffened sufficiently to permit operations.  Float surface with power-driven 
floats or by hand floating if area is small or inaccessible to power units.  Finish surfaces to true 
planes.  Cut down high spots and fill low spots.  Refloat surface immediately to uniform 
granular texture. 

1. Medium-to-Fine-Textured Broom Finish:  Draw a soft-bristle broom across float-finished 
concrete surface perpendicular to line of traffic to provide a uniform, fine-line texture. 

3.8 CONCRETE PROTECTION AND CURING 

A. General:  Protect freshly placed concrete from premature drying and excessive cold or hot 
temperatures.  Comply with ACI 306.1 for cold-weather protection and ACI 301 and 305R for 
hot-weather protection during curing. 

B. Slabs: Protect slabs within building from precipitation accumulation. Immediately remove 
water, snow or ice from surface of slabs within building regardless if source is from 
precipitation, construction activities, etc. 

C. Evaporation Retarder:  Apply evaporation retarder to unformed concrete surfaces if hot, dry, or 
windy conditions cause moisture loss approaching 0.2 lb/sq. ft. x h before and during finishing 
operations.  Apply according to manufacturer's written instructions after placing, screeding, and 
bull floating or darbying concrete, but before float finishing. 

D. Formed Surfaces:  Cure formed concrete surfaces, including supported slabs, and other similar 
surfaces.  If forms remain during curing period, moist cure after loosening forms.  If removing 
forms before end of curing period, continue curing for the remainder of the curing period. 

E. Unformed Surfaces:  Begin curing immediately after finishing concrete.  Cure unformed 
surfaces, including floors and slabs, concrete floor toppings, and other surfaces. 
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F. Cure concrete according to ACI 308.1: 

1. Curing Compound:  Apply uniformly in continuous operation by power spray or roller 
according to manufacturer's written instructions.  Recoat areas subjected to heavy rainfall 
within three hours after initial application.  Maintain continuity of coating and repair 
damage during curing period. 

3.9 PAVEMENT MARKING 

A. Do not apply pavement-marking paint until layout, colors, and placement have been verified 
with Architect. 

B. Allow concrete paving to cure for a minimum of 28 days and be dry before starting pavement 
marking. 

C. Sweep and clean surface to eliminate loose material and dust. 

D. Apply paint with mechanical equipment to produce markings of dimensions indicated with 
uniform, straight edges.  Apply at manufacturer's recommended rates to provide a minimum wet 
film thickness of 15 mils. 

3.10 FIELD QUALITY CONTROL 

A. Refer to Div 03 concrete section for field quality control information.   

1. Contractor Requirements:  

a. Provide access to concrete construction for representatives of testing agency 
employed by Owner to perform concrete testing. 

b. Notify Architect at least four days in advance of each concrete placement to allow 
notification of Owner's testing agency. 

3.11 REPAIRS AND PROTECTION 

A. Remove and replace concrete paving that is broken, damaged, or defective or that does not 
comply with requirements in this Section.  Remove work in complete sections from joint to 
joint unless otherwise approved by Architect. 

B. Drill test cores, where directed by Architect, when necessary to determine magnitude of cracks 
or defective areas.  Fill drilled core holes in satisfactory paving areas with portland cement 
concrete bonded to paving with epoxy adhesive. 

C. Protect concrete paving from damage.  Exclude traffic from paving for at least 14 days after 
placement.  When construction traffic is permitted, maintain paving as clean as possible by 
removing surface stains and spillage of materials as they occur. 

D. Maintain concrete paving free of stains, discoloration, dirt, and other foreign material.  Sweep 
paving not more than two days before date scheduled for Substantial Completion inspections. 

END OF SECTION 32 13 13 
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SECTION 32 50 00 - BOLLARDS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Decorative bollards. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals (except Samples for Verification) and informational 
submittals required by this Section concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For the following: 

1. Decorative bollards. 

B. Shop Drawings:  Show fabrication and installation details for bollards. 

1. Include plans, elevations, sections, and details of bollards and their connections.  Show 
anchorage and accessory items. 

1.5 INFORMATIONAL SUBMITTALS 

A. Paint Compatibility Certificates:  From manufacturers of topcoats applied over shop primers 
certifying that shop primers are compatible with topcoats.  Refer to Section 09 96 00, “High 
Performance Coatings” for painting fabricated bollards requirements. 

1.6 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel." 

B. Pre-Fabricated Metals Bollards Warranty:  Provide manufacturer's standard limited warranty 
that the bollards will remain free from defects in material and workmanship including cracking, 
peeling, blistering and corroding for a period of three years from date of purchase. 

32 50 00 



BOLLARDS  Tetra Tech 
32 50 00 / Page 2 Project No. 203778-21001 Architects & Engineers 

1.7 PROJECT CONDITIONS 

A. Field Measurements:  Verify actual locations of construction contiguous with bollards by field 
measurements. 

1.8 COORDINATION 

A. Coordinate selection of shop primers with topcoats to be applied over them.  Comply with paint 
and coating manufacturers' written recommendations to ensure that shop primers and topcoats 
are compatible with one another. 

B. 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.  Deliver such items to Project site in time for 
installation. 

PART 2 - PRODUCTS 

2.1 METALS, GENERAL 

A. Metal Surfaces, General:  Provide materials with smooth, flat surfaces unless otherwise 
indicated.  For metal exposed to view in the completed Work, provide materials without seam 
marks, roller marks, rolled trade names, or blemishes. 

2.2 FERROUS METALS 

A. Recycled Content of Steel Products:  Postconsumer recycled content plus one-half of 
preconsumer recycled content not less than 23 percent. 

B. Steel Plates, Shapes, and Bars:  ASTM A 36/A 36M. 

2.3 NONFERROUS METALS 

A. Aluminum Castings:  ASTM B 26/B 26M, Alloy 443.0-F. 

2.4 FASTENERS 

A. General:  Unless otherwise indicated, provide Type 316 stainless-steel fasteners.  Select 
fasteners for type, grade, and class required. 

2.5 MISCELLANEOUS MATERIALS 

A. Welding Rods and Bare Electrodes:  Select according to AWS specifications for metal alloy 
welded. 
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B. Acrylic Primer:  Thermoplastic acrylic primer compatible with topcoat. 

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. Rust-Oleum Corporation; 3200 System Clear Blue Undercoat. 

C. Galvanizing Repair Paint:  High-zinc-dust-content paint complying with SSPC-Paint 20 and 
compatible with paints specified to be used over it. 

D. Concrete:  Comply with requirements in Section 03 30 53 "Miscellaneous Cast-in-Place 
Concrete" for normal-weight, air-entrained, concrete with a minimum 28-day compressive 
strength of 4,000 psi. 

2.6 FABRICATION, GENERAL 

A. Shop Assembly:  Preassemble items in the shop to greatest extent possible.  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. Cut, drill, and punch metals cleanly and accurately.  Remove burrs and ease edges to a radius of 
approximately 1/32 inch unless otherwise indicated.  Remove sharp or rough areas on exposed 
surfaces. 

C. Form bent-metal corners to smallest radius possible without causing grain separation or 
otherwise impairing work. 

D. Form exposed work with accurate angles and surfaces and straight edges. 

E. 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. 

F. Form exposed connections with hairline joints, flush and smooth, using concealed fasteners or 
welds where possible.  Where exposed fasteners are required, use Phillips flat-head 
(countersunk) fasteners unless otherwise indicated.  Locate joints where least conspicuous. 

G. Fabricate seams and other connections that will be exposed to weather in a manner to exclude 
water.  Provide weep holes where water may accumulate. 
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H. Cut, reinforce, drill, and tap metal fabrications as indicated to receive finish hardware, screws, 
and similar items. 

I. Provide for anchorage of type indicated, coordinate with supporting structure.  Space anchoring 
devices to secure metal fabrications rigidly in place and to support indicated loads. 

2.7 DECORATIVE BOLLARDS 

A. Decorative Steel Bollard:  Steel bollard with decorative top and base; 6 5/8 inch tubular steel 
with cast aluminum top and base.  Tubular steel thickness 0.25 inches; Height – 33inches.   

1. Basis-of-Design Product:  Subject to compliance with requirements, provide Maglin Site 
Furnishings, Inc. MTB650Series or comparable product by one of the following: 

a. Reliance Foundry Company LTD. 

2. Powder-Coat Finish:  Comply with coating manufacturer's written instructions for 
cleaning, conversion coating, and applying and baking finish. 

a. Color and Gloss:  As selected by Architect from manufacturer's full range. 

3. Installation type:  Direct Burial. 

2.8 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. 
C. Finish exposed surfaces to remove tool and die marks and stretch lines, and to blend into 

surrounding surface. 

2.9 STEEL AND IRON FINISHES 

A. Baked-Enamel, Powder-Coat Finish:  Manufacturer's standard, baked, polyester, powder-coat 
finish complying with finish manufacturer's written instructions for surface preparation, 
including pretreatment, application, baking, and minimum dry film thickness. 

B. Galvanizing:  Hot-dip galvanize items as indicated to comply with ASTM A 153/A 153M for 
steel and iron hardware and with ASTM A 123/A 123M for other steel and iron products. 

1. Do not quench or apply post galvanizing treatments that might interfere with paint 
adhesion. 
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PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

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. Coordinate location to avoid utilities.  

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. 

F. Fastening to In-Place Construction:  Provide anchorage devices and fasteners where metal 
fabrications are required to be fastened to in-place construction.  Provide threaded fasteners for 
use with concrete and masonry inserts, toggle bolts, through bolts, lag screws, wood screws, and 
other connectors. 

G. Provide temporary bracing or anchors in formwork for items that are to be built into concrete, 
masonry, or similar construction. 

3.2 INSTALLING DECORATIVE BOLLARDS 

A. Install bollards according to manufacturer's written instructions.  Set bollards plumb.  

3.3 ADJUSTING AND CLEANING 

A. Touchup Painting:  Provide touchup painting in conformance with Section 09 96 00, “High 
Performance Coatings”.   

B. Bollards that have damage to the powder-coated finish will be rejected and must be replaced. 
C. Clean all surfaces thoroughly and protect until acceptance. 

END OF SECTION 32 50 00 
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SECTION 32 92 00 - TURF AND GRASSES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Seeding. 
2. Turf planting soil. 
3. Turf planting soil amendments and fertilizers. 
4. Turf renovation. 
5. Turf. 
6. Turf maintenance. 

1.3 SUBMITTALS, GENERAL 

A. General: Submit all action submittals and informational submittals required by this Section 
concurrently. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated, including: 

1. Seed. 
2. Fertilizer. 
3. Imported Topsoil 

B. Samples for Verification:  For the following products, in sizes or quantities indicated below: 

1. Imported Topsoil:  One-half gallon by volume of material in sturdy container of each 
type of topsoil, naming source for each material. 

C. Warranty:  Sample of special warranty. 

1.5 INFORMATIONAL SUBMITTALS 

A. Product Certificates:  For soil amendments and fertilizers, from manufacturer. 

32 92 00 
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B. Material Test Reports:  For imported topsoil. 

1. Before delivery of imported topsoil, submit written statement giving location of 
properties from which topsoil is to be obtained, names and addresses of property owners, 
topsoil nutritional analysis report per requirements below, depth to be stripped, and any 
crops grown during the previous 5 years. 

1.6 CLOSEOUT SUBMITTALS 

A. Maintenance Instructions:  Recommended procedures to be established by Owner for 
maintenance of turf during a calendar year.  Submit before expiration of required initial 
maintenance periods. 

B. Warranty:  Executed special warranty. 

1.7 QUALITY ASSURANCE 

A. Installer Qualifications:  A qualified landscape Installer whose work has resulted in successful 
turf establishment. 

1. Professional Membership:  Installer shall be a member in good standing of either the 
Professional Landcare Network or the American Nursery and Landscape Association. 

2. Turf Installer: Engage an experienced turf installation firm to perform work of this 
Section.  Firm shall have completed work similar in material, design, and extent to that 
indicated for this Project with a record of successful in-service performance.  

B. Soil Nutritional Analysis Report for Imported Topsoil:  Furnish soil analysis and a written 
report by a qualified soil-testing laboratory stating percentages of organic matter; gradation of 
sand, silt, and clay content; cation exchange capacity; available nutrients; deleterious material; 
pH and recommendations to obtain optimal pH factor; mineral and nutrient content of the soil. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Seed and Other Packaged Materials:  Deliver packaged materials in original, unopened 
containers showing weight, certified analysis, name and address of manufacturer, and indication 
of conformance with state and federal laws, as applicable. 

B. Bulk Materials: 

1. Do not dump or store bulk materials near structures, utilities, walkways and pavements, 
or on existing turf areas or plants. 

2. Provide erosion-control measures to prevent erosion or displacement of bulk materials, 
discharge of soil-bearing water runoff, and airborne dust reaching adjacent properties, 
water conveyance systems, or walkways. 
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3. Accompany each delivery of bulk fertilizers and soil amendments with appropriate 
certificates. 

1.9 PROJECT CONDITIONS 

A. Planting Restrictions:  Plant during one of the following periods.  Coordinate planting periods 
with initial maintenance periods to provide required maintenance from date of planting 
completion. 

1. Spring Planting: March 15 to May 15. 
2. Fall Planting: August 15 to September 15. 

B. Weather Limitations:  Proceed with planting only when existing and forecasted weather 
conditions permit planting to be performed when beneficial and optimum results may be 
obtained.  Apply products during favorable weather conditions according to manufacturer's 
written instructions. 

1.10 SEQUENCING AND REVIEW 

A. Notify Architect no fewer than 48 hours in advance of proposed seeding to allow review of 
topsoil finish grading. 

B. Do not proceed with seeding without Architect's written permission. 

1. Architect’s written permission does not alleviate Contractor from conforming to the 
required grades indicated on Drawings. 

1.11 MAINTENANCE 

A. Initial Turf Maintenance Service:  Provide full maintenance by skilled employees of landscape 
Installer.  Maintain as required in Part 3.  Begin maintenance immediately after each area is 
planted and continue until acceptable turf is established, as determined by the Architect, but for 
not less than the following periods: 

1. Seeded Turf:  Five (5) documented mowings.  

a. Document mowings in writing via fax or email to Owner and Architect on the day 
each mowing is performed.  Failure of notification may subject Contractor to 
further mowings at no additional cost to Owner. 

2. When initial maintenance period has not elapsed before end of planting season, or if turf 
is not fully established, continue maintenance during next planting season. 

B. Water:  Provide all water required to properly irrigate temporary, permanent, and renovated turf 
areas.  Include all facilities including, but not limited to, hoses, sprinklers, water cannons and 
reels, as long as it takes to establish and maintain turf.  When adequate water supply or pressure 
is not available, supply water from offsite, including trucking. 
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1.12 WARRANTY 

A. Special Warranty:  Installer agrees to repair or replace turf that fails in materials, workmanship, 
or growth within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Death and unsatisfactory growth, except for defects resulting from abuse, lack of 
adequate maintenance, or neglect by Owner, or incidents that are beyond 
Contractor's control. 

2. Warranty Period:  

a. Turf:  12 months, after acceptable turf is established, as determined by the 
Architect. 

3. Include the following remedial actions as a minimum: 

a. Immediately remove dead turf and replace unless required to plant in the 
succeeding planting season. 

b. Replace with seed as originally specified. 

B. Provide extended warranty for period equal to original warranty period, for replaced turf 
material. 

PART 2 - PRODUCTS 

2.1 SEED 

A. Grass Seed:  Fresh, clean, dry, new-crop seed complying with AOSA's "Journal of Seed 
Technology; Rules for Testing Seeds" for purity and germination tolerances. 

B. Varieties:  Premier varieties of Kentucky bluegrass, perennial ryegrass, tall fescue and fine 
fescue with a mean ranking of 6.0 or higher on the National Turfgrass Evaluation Program 
(NTEP) current list of tested varieties for the Northeast United States. 

C. Seed Blends:  Seed of grass species as follows, with not less than 95 percent germination, not 
less than 85 percent pure seed, and not more than 0.5 percent weed seed: 

1. General Lawn Mixture - Kentucky Bluegrass Blend:  Proportioned by weight as follows: 

a. 85 percent 1/3 equal mixture of three Kentucky bluegrass (Poa pratensis) varieties. 
b. 15 percent fine fescue (Fescue rubra). 

2. General Lawn Sun/Shade Mixture:  Proportioned by weight as follows: 

a. 75 percent 1/3 equal mixture of three Kentucky bluegrass (Poa pratensis) varieties. 
b. 25 percent fine fescue (Fescue rubra). 
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2.2 INORGANIC SOIL AMENDMENTS 

A. Lime:  ASTM C 602, agricultural liming material containing a minimum of 80 percent calcium 
carbonate equivalent and as follows: 

1. Class:  T, with a minimum of 99 percent passing through No. 8 sieve and a minimum of 
75 percent passing through No. 60 sieve. 

2. Provide lime in form of ground dolomitic limestone. 

B. Sulfur:  Granular, biodegradable, containing a minimum of 90 percent sulfur, and with a 
minimum of 99 percent passing through No. 6 sieve and a maximum of 10 percent passing 
through No. 40 sieve. 

2.3 FERTILIZERS 

A. Commercial Fertilizer:  Commercial-grade complete fertilizer of neutral character, consisting of 
fast- and slow-release nitrogen, 50 percent derived from natural organic sources of urea 
formaldehyde, phosphorous, and potassium in the following composition, unless otherwise 
indicated: 

1. Spring Fertilization: 10 percent nitrogen, 6 percent available phosphorous, and 2 percent 
water-soluble potash (10-6-4). 

2. Fall Fertilization: 5 percent nitrogen, 10 percent available phosphorous, and 5 percent 
water-soluble potash (5-10-5). 

3. Final Fertilization: 

a. Spring: Granular slow release fertilizer with high nitrogen (38 percent), Uramite or 
other Architect-approved material. 

b. Fall: “Fall Fertilization” composition above. 

4. Follow requirements regarding fertilization recommended in soil reports from a qualified 
soil-testing laboratory. 

2.4 TURF PLANTING SOILS 

A. General: Provide turf planting soil consisting of existing and/or imported topsoil with 
amendments and fertilizers noted in this Section.  

1. Where quantities of existing topsoil are insufficient to provide 6 inch depth turf planting 
soil, supplement with imported topsoil, at no additional cost to Owner. 

B. Topsoil Requirements:  Free of subsoil, stones 1 inch or larger in any dimension, dense 
material, hardpan, slag, clay, cinders, sod, roots, sticks, poison ivy, crabgrass, cough grass, 
noxious weeds, and foreign matter, including but not limited to glass, screws, asbestos, toxins, 
hazardous wastes, petroleum product contamination, lead and chemicals (such as atrizene and 
muriatic acid) that may be injurious to humans, animals and plant materials. 



TURF AND GRASSES  Tetra Tech 

32 92 00 / Page 6 Project No. 203778-21001 Architects & Engineers 

1. Topsoil (Existing and Imported) to comply with the following: 

a. Organic Matter Content: Not more than 10 percent. 
b. Corrected to pH Value: 6.5 to 7.5 on that portion passing 1/4-inch sieve. 
c. Soluble Salt Content: Not to exceed 500 parts per million. 
d. No more than 60 percent of material passing #100 mesh shall consist of clay as 

determined by Bouyoucous hydrometer or by decantation method. 
 

2. Existing Topsoil:  Existing, native surface topsoil formed under natural conditions with 
the duff layer retained during excavation process and stockpiled on-site.  Verify 
suitability of native surface topsoil to produce viable planting soil. 
 

3. Imported Topsoil:  Imported topsoil obtained from local sources or from areas having 
similar soil characteristics as Project site.  Obtain topsoil displaced from naturally well-
drained sites where topsoil occurs at least 6 inches deep; do not obtain from agricultural 
land, bogs or marshes. 

a. Additional Properties of Imported Topsoil or Manufactured Topsoil:  Screened and 
free of stones 1 inch or larger in any dimension; free of roots, plants, sod, clods, 
clay lumps, pockets of coarse sand, paint, paint washout, concrete slurry, concrete 
layers or chunks, cement, plaster, building debris, oils, gasoline, diesel fuel, paint 
thinner, turpentine, tar, roofing compound, acid, and other extraneous materials 
harmful to plant growth; free of obnoxious weeds and invasive plants including 
quackgrass, Johnsongrass, poison ivy, nutsedge, nimblewill, Canada thistle, 
bindweed, bentgrass, wild garlic, ground ivy, perennial sorrel, and bromegrass; not 
infested with nematodes, grubs, other pests, pest eggs, or other undesirable 
organisms and disease-causing plant pathogens; friable and with sufficient 
structure to give good tilth and aeration.  Continuous, air-filled, pore-space content 
on a volume/volume basis shall be at least 15 percent when moisture is present at 
field capacity.  Soil shall have a field capacity of at least 15 percent on a dry 
weight basis. 

b. Soil Analysis Report:  Provide soil analysis and report to demonstrate that the 
above requirements are being met and to identify if nutritional amendments are 
needed. 

c. Soil Analysis Recommendations:  Provide amendments recommended in the soil 
analysis report, as approved by Architect. 

d. Mechanically screen imported topsoil to conform to following gradations: 

Sieve Designation     Percent Passing 
1 inch .................................... 100 
1/4 inch ................................. 97-100 

 #200 ...................................... 20-65 of the 1/4-inch sieve 

C. Required Amendments:  Mix existing and imported topsoil with the following soil amendments 
in the following quantities to produce planting soil: 
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2.5 MULCHES 

A. Straw Mulch:  Provide air-dry, clean, mildew- and seed-free, salt hay or threshed straw of 
wheat, rye, oats, or barley. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas to be planted for compliance with requirements and other conditions affecting 
performance. 

1. Verify that no foreign or deleterious material or liquid such as paint, paint washout, 
concrete slurry, concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel, 
paint thinner, turpentine, tar, roofing compound, or acid has been deposited in soil within 
a planting area. 

2. Do not mix or place soils and soil amendments in frozen, wet, or muddy conditions. 

3. Suspend soil spreading, grading, and tilling operations during periods of excessive soil 
moisture until the moisture content reaches acceptable levels to attain the required results. 

4. Uniformly moisten excessively dry soil that is not workable and which is too dusty. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

C. If contamination by foreign or deleterious material or liquid is present in soil within a planting 
area, remove the soil and contamination as directed by Architect and replace with new planting 
soil. 

D. Beginning installation constitutes Contractor’s acceptance of substrates and conditions. 

3.2 PREPARATION 

A. Protect structures, utilities, sidewalks, pavements, and other facilities, trees, shrubs, and 
plantings from damage caused by planting operations. 

1. Protect grade stakes set by others until directed to remove them. 

3.3 TURF AREA PREPARATION 

A. Limit turf subgrade preparation to areas to be planted. 

B. Newly Graded Subgrades:  Loosen subgrade to a minimum depth of 4 inches.  Remove stones 
larger than 1 inch in any dimension and sticks, roots, rubbish, and other extraneous matter and 
legally dispose of them off Owner's property. 
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1. Thoroughly blend topsoil with soil amendments and fertilizer. 

a. Delay mixing fertilizer with planting soil if planting will not proceed within a few 
days. 

b. If liming is required, mix lime with dry soil before mixing fertilizer. 

2. Spread planting soil to a depth of 6 inches but not less than required to meet finish grades 
after light rolling and natural settlement.  Do not spread if planting soil or subgrade is 
frozen, muddy, or excessively wet. 

a. Spread approximately 1/3 the thickness of planting soil over loosened subgrade.  
Mix thoroughly into top 2 inches of subgrade.  Spread remainder of planting soil. 

C. Unchanged Subgrades:  If turf is to be planted in areas unaltered or undisturbed by excavating, 
grading, or surface-soil stripping operations, prepare surface soil as follows: 

1. Cut neat line between existing turf to remain and new turf. 

2. Remove existing grass, vegetation, and turf.  Do not mix into surface soil. 

3. Loosen surface soil to a depth of at least 6 inches.  Apply soil amendments and fertilizers 
according to planting soil mix proportions and mix thoroughly into top 4 inches of soil.  
Till soil to a homogeneous mixture of fine texture. 

4. Remove stones larger than 1 inch in any dimension and sticks, roots, trash, and other 
extraneous matter. 

5. Legally dispose of waste material, including grass, vegetation, and turf, off Owner's 
property. 

D. Finish Grading:  Grade planting areas to a smooth, uniform surface plane with loose, uniformly 
fine texture.  Grade to within plus or minus 1/2 inch of finish elevation.  Roll and rake, remove 
ridges, and fill depressions to meet finish grades.  Limit finish grading to areas that can be 
planted in the immediate future. 

E. Moisten prepared area before planting if soil is dry.  Water thoroughly and allow surface to dry 
before planting.  Do not create muddy soil. 

F. Before planting, obtain Architect's written permission; restore planting areas if topsoil finish 
grading is eroded or otherwise disturbed after finish grading. 

3.4 SEEDING 

A. Timing: Provide seeding within planting times indicated. 

1. Seed at earliest possible date to achieve mature turf prior to Owner occupancy. 

B. Sow seed with Brillion spreader or similar seeding machine.  Do not broadcast or drop seed 
when wind velocity exceeds 5 mph.  Evenly distribute seed by sowing equal quantities in three 
passes: second pass at 90 degrees to the first, third pass at 45 degrees to second. 
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1. Do not use wet seed or seed that is moldy or otherwise damaged. 
2. Do not seed against existing trees.  Limit extent of seed to outside edge of planting 

saucer. 

C. Sow seed at a total rate of 6 lb/1,000 sq. ft. 

D. Rake seed lightly into top 1/8 inch of soil, roll lightly, and water with fine spray. 

E. Protect seeded areas with slopes not exceeding 1:4 as follows: 

1. In small areas adjacent to buildings, at parking islands and narrow strips of seeding along 
paving, spread straw mulch.  Spread uniformly at a minimum rate of 2 tons/acre to form a 
continuous blanket 1-1/2 inches in loose thickness over seeded areas.  Spread by hand, 
blower, or other suitable equipment. Avoid areas of thick mulch that will prevent seed 
determination. 

F. Water newly planted areas and keep moist until new turf is established. 

3.5 TURF RENOVATION 

A. Renovate existing turf indicated on Drawings, turf areas anticipated to be disturbed as part of 
Project, and areas damaged by Contractor's operations, such as storage of materials or 
equipment and movement of vehicles. 

1. Reestablish turf where settlement or washouts occur or where minor regrading is 
required. 

2. Install new planting soil as required. 

B. Remove sod and vegetation from diseased or unsatisfactory turf areas; do not bury in soil. 

C. Remove topsoil containing foreign materials such as oil drippings, fuel spills, stones, gravel, 
and other construction materials resulting from Contractor's operations, and replace with new 
planting soil. 

D. Mow, dethatch, core aerate to a minimum depth of 4 inches, and rake existing turf. 

E. Remove weeds before seeding.   

F. Remove waste and foreign materials, including weeds, soil cores, grass, vegetation, and turf, 
and legally dispose of them off Owner's property. 

G. Till stripped, bare, and compacted areas thoroughly to a soil depth of 6 inches. 

H. Apply soil amendments and initial fertilizers required for establishing new turf and mix 
thoroughly into top 4 inches of existing soil.  Install new planting soil to fill low spots and meet 
finish grades. 

I. Apply seed and protect with straw mulch as required for new turf. 

J. Water newly planted areas and keep moist until new turf is established. 
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3.6 TURF MAINTENANCE 

A. Maintain and establish turf by watering, fertilizing, weeding, mowing, trimming, replanting, and 
performing other operations as required to establish healthy, viable turf.  Roll, regrade, and 
replant bare or eroded areas and remulch to produce a uniformly smooth turf.  Provide materials 
and installation the same as those used in the original installation. 

1. Fill in as necessary soil subsidence that may occur because of settling or other processes.  
Replace materials and turf damaged or lost in areas of subsidence. 

2. In areas where mulch has been disturbed by wind or maintenance operations, add new 
mulch and anchor as required to prevent displacement. 

3. Use hand weeding to control weeds. Schedule weedings throughout the year to maintain 
turf as free of weeds as possible. 

B. Watering:  Install and maintain temporary piping, hoses, and turf-watering equipment to convey 
water from sources and to keep turf uniformly moist to a depth of 4 inches. 

1. Schedule watering to prevent wilting, puddling, erosion, and displacement of seed or 
mulch.  Lay out temporary watering system to avoid walking over muddy or newly 
planted areas. 

2. Water turf with fine spray at a minimum rate of 1 inch per week unless rainfall 
precipitation is adequate. 

C. Mow turf when new growth reaches 3.75-4.5 inches in height.. Repeat mowing to maintain 
specified height once per week or as needed to ensure the maximum height does not exceed 4.5 
inches between mowing Do not delay mowing until grass blades bend over and become matted.  
Do not mow when grass is wet.  Schedule initial and subsequent mowings to maintain the 
following grass height: 

1. Mow turf to a height of 2-1/2 to 3 inches.  
2. Neatly trim edges and hand clip where necessary. 
3. Immediately after each mowing (same day), carefully remove excess clippings to prevent 

damage to turf. 

D. Turf Post fertilization:  Apply fertilizer after initial mowing and when grass is dry. 

3.7 SATISFACTORY TURF 

A. Turf installations shall meet the following criteria as determined by Architect: 

1. Satisfactory Seeded Turf:  At end of maintenance period, a healthy, uniform, close stand 
of grass has been established, free of weeds and surface irregularities, with coverage 
exceeding 90 percent over any 10 sq. ft. and bare spots not exceeding 5 by 5 inches. 

B. Use specified materials to reestablish turf that does not comply with requirements and continue 
maintenance until turf is satisfactory.  
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C. Warranty period does not begin until satisfactory turf is established, as determined by the 
Architect. 

1. Schedule watering to prevent wilting, puddling, erosion, and displacement of seed or 
mulch.  Lay out temporary watering system to avoid walking over muddy or newly 
planted areas. 

3.8 CLEANUP AND PROTECTION 

A. Promptly remove soil and debris created by turf work from paved areas.  Clean wheels of 
vehicles before leaving site to avoid tracking soil onto roads, walks, or other paved areas. 

B. Erect temporary fencing or barricades and warning signs as required to protect newly planted 
areas from traffic.  Maintain fencing and barricades throughout initial maintenance period and 
remove after plantings are established. 

C. Remove nondegradable erosion-control measures after grass establishment period. 

END OF SECTION 32 92 00 
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SECTION 33 41 00 - STORM UTILITY DRAINAGE PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions and Division 01 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Pipe and fittings. 
2. Non-pressure transition couplings. 
3. Frames and grates/lids 
4. Channel drainage systems. 
5. Catch basins. 

B. Related Sections: 

1. Section 01 78 39 “Project Record Documents” 
2. Section 31 20 00 "Earth Moving"  

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings: 

1. Catch basins.  Include plans, elevations, sections, details, frames, covers, and grates. 

C. Coordination Drawings:  Show pipe sizes, locations, and elevations.  Show other piping in same 
trench and clearances from storm drainage system piping.  Indicate interface and spatial 
relationship between manholes, piping, and proximate structures. 

D. Quality Control Submittals 
 
1. Qualifications Certification:  Submit written certification or similar documentation signed 

by applicable subcontractor, Prime Contractor and manufacturer (where applicable) 
indicating compliance with applicable “Qualifications” requirements specified below in 
“Quality Assurance” article. 

 
2. Installer Experience Listing: Submit list of completed projects using products proposed 

for this Project, including owner’s contact and telephone number for each project, 
demonstrating compliance with applicable “Qualifications” requirements specified below 
in “Quality Assurance” article. 

33 41 00 
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1.4 QUALITY ASSURANCE 

A. Regulatory Requirements:  Perform work, including shoring, in compliance with the applicable 
requirements of governing authorities having jurisdiction.  

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Do not store plastic manholes, pipe, and fittings in direct sunlight. 
B. Protect pipe, pipe fittings, and seals from dirt and damage. 
C. Handle catch basins according to manufacturer's written rigging instructions. 

1.6 PROJECT CONDITIONS 

A. Interruption of Existing Storm Drainage Service:  Do not interrupt service to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after 
arranging to provide temporary service according to requirements indicated: 

1. Notify Owner no fewer than two days in advance of proposed interruption of service. 
2. Do not proceed with interruption of service without Owner's written permission. 

PART 2 - PRODUCTS 

2.1 SOLID DOUBLE WALL HDPE SMOOTH INTERIOR PIPE:  

A. Interior Diameter, 4" to 36": Corrugated polyethylene circular pipe with an integrally formed 
smooth interior complying with the following specifications: 

1. Applicable Standards: 

a. 4 inch to 10 inch pipe: AASHTO M 252-Type S or SP 
b. 12 inch to 36 inch pipe: AASHTO M294-Type S or SP 

2. Mannings “n” Value: 0.012. 

3. ASTM D3034 for maximum allowable deflection. 

4. Fittings:  Meet performance requirements of ASTM D 3034 and ASTM F 1336.  Gaskets 
to comply with ASTM F477.  

5. Manufacturer:  Similar to "N-12 Smooth Interior Pipe” by Advanced Drainage Systems, 
Inc.; London, Ohio. 

6. Mannings “n” Value: 0.012.  

7. ASTM D3034 for maximum allowable deflection. 
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8. Fittings to meet performance requirements of ASTM D 3034 and ASTM F 1336.  
Gaskets to comply with ASTM F477.  

9. Manufacturer:  Similar to "N-12 HC High Capacity Large Diameter Pipe” by Advanced 
Drainage Systems, Inc.; London, Ohio. 

B. Interior Diameter, 4" to 30": Corrugated polyethylene circular pipe with silt-tight joints and an 
integrally formed smooth interior complying with the following specifications: 

1. Applicable Standards 

a. 4 inch to 10 inch pipe:  AASHTO M 252-Type S or SP 
b. 12 inch to 36 inch pipe:  AASHTO M 294-Type S or SP 

2. Mannings “n” Value: 0.010.  

3. Fitttings: AASHTO M252 or M294. 

4. Joints: Meeting AASHTO Standard Specification for Highway Bridges, Section 26 
paragraph 26.4.2.4(e).  Silt tight – meeting ASTM D1056 Grade 2A2. 

5. Materials: ASTM 3350 minimum cell classification 324420C (4" to 10") or 335420C 
(12" to 30"). 

6. Similar to “Hi-Q Pipe” by Hancor, Inc.; Findlay, Ohio. 

2.2 PERFORATED SINGLE WALL HDPE CORRUGATED PIPE: 

A. Interior Diameter, 3" to 24": Corrugated perforated single wall polyethylene circular pipe with 
uniform slots and drilled holes complying with the following specifications: 

1. Applicable Standards: 

a. 3 inch to 10 inch pipe: AASHTO M 252 
b. 12 inch to 24 inch pipe: AASHTO M294 

2. Fittings: Meet performance requirements of ASTM D 3034 and ASTM F 1336.  Gaskets 
to comply with ASTM F477.  

3. Manufacturer:  Similar to “Perforated Single Wall Plastic Corrugated Pipe” by Advanced 
Drainage Systems, Inc.; London, Ohio. 

2.3 NONPRESSURE TRANSITION COUPLINGS 

A. Comply with ASTM C 1173, elastomeric, sleeve-type, reducing or transition coupling, for 
joining underground nonpressure piping.  Include ends of same sizes as piping to be joined, and 
corrosion-resistant-metal tension band and tightening mechanism on each end. 
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B. Sleeve Materials: 
 
1. For Cast-Iron Soil Pipes:  ASTM C 564, rubber. 
2. For Plastic Pipes:  ASTM F 477, elastomeric seal or ASTM D 5926, PVC. 
3. For Dissimilar Pipes:  ASTM D 5926, PVC or other material compatible with pipe 

materials being joined. 

C. Unshielded, Flexible 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. Dallas Specialty & Mfg. Co. 
b. Fernco Inc. 
c. Mission Rubber Company; a division of MCP Industries, Inc. 
d. NDS Inc. 
e. Plastic Oddities; a division of Diverse Corporate Technologies, Inc. 

2. Description: Elastomeric sleeve with corrosion-resistant-metal tension band and 
tightening mechanism on each end. 

2.4 CHANNEL DRAINAGE SYSTEMS 

A. Channel Drainage Systems with 8-in wide “Wave” Grate 

1. Trench Drain (Sloped-Invert, Polymer–Concrete System):  Precast polyester or vinyl 
ester resin, interlocking channel unit, with built-in 0.5% slope and recesses for lock down 
devices, and stainless steel edge rail.  Equivalent to “KS200 KlassikDrain” by ACO 
Polymer Products, Inc. in Chardon, Ohio. Telephone: (800)543-4764 Web: 
www.acousa.com 

a. Trench drain channel:  

1) Compressive Strength: 14,000 P.S.I. 
2) Flexural Strength: 4,000 P.S.I. 
3) Water Absorption Rate: 0.07% 
4) Edge Rail thickness:  3/32-in min. 
5) Wall thickness:  0.50-in min. 
6) Internal slope:  0.5% 
7) Unit Width:  10.24-in 
8) Internal Width:  8.00-in 
9) Unit invert depth:  (Varies) 7.87-in to 15.75-in 
10) Unit length:  39.37-in (1-Meter) 
11) Full radius trench bottom. 
12) Frost proof, salt proof, dilute acid and alkali resistant. 



Tetra Tech STORM UTILITY DRAINAGE PIPING 
Architects & Engineers Project No. 203778-21001 33 41 00 / Page 5 

b. Trench drain catch basins:  Equivalent to ACO “K2-621S” precast polymer 
concrete catch basin, with integral plastic PVC trash bucket with removable 
grating. 

1) Compressive Strength: 14,000 P.S.I. 
2) Flexural Strength: 4,000 P.S.I. 
3) Material: Cast in stainless steel frame with polyester polymer concrete top 

unit body 
4) Water Absorption Rate: 0.07% by weight 
5) Edge Rail thickness:  1/8-in min. 
6) Wall thickness:  0.59-in min. 
7) Unit Width:  14.25-in 
8) Unit Depth:  37.64-in 
9) Unit length:  19.69-in (0.5-Meter) 
10) Frost proof, salt proof, dilute acid and alkali resistant. 

c. Trench drain grates: Resin composite grate, equivalent to “ACO Type 680Q Iron 
Wave” grate by ACO Polymer Products, Inc. in Chardon, Ohio. Telephone: 
(800)543-4764 Web: www.acousa.com 

1) Independently certified to meet Load Class C to EN 1433 – 56,000 lbs – 
1,162 psi 

2) Material: Ductile iron to ASTM A 536-84, Grade 65-45-12 
3) Size:  9.41-in Width by 19.69-in Length each unit, 1.18-in thick. Slots to 

measure at a maximum of 0.43-in.  
4) “QuicklLok” or equivalent boltless locking system 
5) Intake area of 58.72 sq. in per half meter of grate 
6) E-Coated for improved rust resistance 
7) AMA – American Disabilities Act of 1990 Section 4.5.4 Compliance 
8) Bicycle tire penetration resistance to AS 3996-2006 

2.5 CATCH BASINS 

A. Inside Dimension:  30-inch by 30 inch clear inside area, unless otherwise indicated. 

B. Description:  ASTM C 913, precast, reinforced concrete, of depth indicated, with provision for 
sealant joints. 

C. Base Section:  6-inch minimum thickness for floor slab and 4-inch minimum thickness for walls 
and base riser section, and separate base slab or base section with integral floor. 

D. Riser Sections:  4-inch minimum thickness, Length, Width and Depth as indicated. 

E. Top Section:  Flat-slab-top type is indicated.   

F. Joint Sealant:  ASTM C 990, bitumen or butyl rubber. 

G. Adjusting Rings:  Interlocking rings with level or sloped edge in thickness and shape matching 
catch basin frame and grate.  Include sealant recommended by ring manufacturer. 
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H. Grade Rings:  Include two or three reinforced-concrete rings, of 6 to 9-inch total thickness, that 
match the frame and grate, and height as required to adjust manhole frame and cover to 
indicated elevation and slope. 

I. Pipe Connectors:  ASTM C 923, resilient, of size required, for each pipe connecting to base 
section. 

2.6 CATCH BASIN FRAMES AND GRATES 

A. Heavy Duty Ductile Iron Frame and Grate:  
 

1. Description:  Heavy-duty 30-in by 30-in (nominal clear opening) ductile iron frame and 
grate.   

 
2. Material Requirements: 

 
a. Material:  ASTM A 536, Grade 70-50-05, ductile iron designed for A-16, 

structural loading.  Meets AASHTO M306 
b. Grate style:  Bar, Flat 
c. Frame style:  Top Flange, Reversible, Bottom Flange 
d. Coating:  Asphaltic Coated 
e. Color:  Black 
f. Origin of manufacture:  USA 
g. Clear opening depth:  30-in minimum, unless otherwise indicated 
h. Clear opening length:  30-in minimum, unless otherwise indicated 
i. Cover/Grate opening depth:  2-in 
j. Cover/Grate opening width:  30-in 
k. Cover/Grate opening length:  30-in 
l. Flange inner length:  26-in 
m. Flange inner width:  26-in 
n. Flange outer length:  32-in 
o. Flange outer width:  32-in 
p. Frame height:  6-in 
q. Frame outside length:  27.5-in 
r. Frame outside width:  27.5-in 
s. Grate thickness:  2-in 
t. Grate length:  25.75-in 
u. Grate width:  27.75-in 
v. Grate open area: 321 sq. in. 
w. Grate wetted perimeter:  103-in 
x. Slot width:  1.5-in 
y. Tag Text: “Drains To Waterways Dump No Waste!” 

3. Basis-of-Design Product:  Subject to compliance with requirements, provide EJ Group 
Inc., Product No. 45726033C03 – “Classic Series V5626-2 REV 6” V5726 EXHD DI GR 
SET” by EJ Group Inc. (East Jordan Iron Works), 301 Spring Street, East Jordan, MI 
49727 Telephone:  1-800-874-4100. 

 . 
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B. Frames and Grates:  ASTM A 536, Grade 60-40-18, ductile iron designed for A-16, structural 
loading.  Include flat grate with small square or short-slotted drainage openings. 

1. Size:  30-in by 30-in minimum unless otherwise indicated. 
2. Grate Free Area:  Approximately 50 percent unless otherwise indicated. 

C. Frames and Grates:  ASTM A 536, Grade 60-40-18, ductile iron designed for A-16, structural 
loading.  Include 24-inch ID by 7 to 9-inch riser with 4-inch minimum width flange, and 30-
inch- diameter flat grate with small square or short-slotted drainage openings. 

2.7 IDENTIFICATION 

A. Underground Warning Tape 

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. Presco, Inc.; Sherman, Texas 
b. EMED Co., Buffalo, New York. 
c. Seton Identification Products, A Tricor Direct Company. 

2. Material:  6-inch wide, color-coded, heavy gauge 5-mil tape with aluminum backing.  

3. All tapes printed with black ink on APWA (American Public Works Association) 
approved colors to meet or exceed industry standards. 

4. Location:  Provide warning tape 18 inches feet below finished grade in buried piping 
trenches and at foundation wall. 

2.8 CONCRETE 

A. Cast-in-Place Concrete:  Refer to Div 03 concrete section for concrete strength, mixtures, fiber 
reinforcement and other requirements. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Excavation, trenching, and backfilling are specified in Division 31 Section "Earth Moving." 

3.2 PIPING INSTALLATION 

A. General Locations and Arrangements:  Drawing plans and details indicate general location and 
arrangement of underground storm drainage piping.  Location and arrangement of piping layout 
take into account design considerations.  Install piping as indicated, to extent practical.  Where 
specific installation is not indicated, follow piping manufacturer's written instructions. 
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B. Install piping beginning at low point, true to grades and alignment indicated with unbroken 
continuity of invert.  Place bell ends of piping facing upstream.  Install gaskets, seals, sleeves, 
and couplings according to manufacturer's written instructions for use of lubricants, cements, 
and other installation requirements. 

C. Install manholes for changes in direction unless fittings are indicated.  Use fittings for branch 
connections unless direct tap into existing sewer is indicated. 

D. Install proper size increasers, reducers, and couplings where different sizes or materials of pipes 
and fittings are connected.  Reducing size of piping in direction of flow is prohibited. 

E. When installing pipe under streets or other obstructions that cannot be disturbed, use pipe-
jacking process of microtunneling. 

F. Install gravity-flow, nonpressure drainage piping according to the following: 

1. Install piping pitched down in direction of flow. 
2. Install piping with 24-inch minimum cover. 
3. Install hub-and-spigot, cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and 

Fittings Handbook." 
4. Install PE corrugated sewer piping according to ASTM D 2321. 

3.3 PIPE JOINT CONSTRUCTION 

A. Join gravity-flow, nonpressure drainage piping according to the following: 

1. Join corrugated PE piping according to ASTM D 3212 for push-on joints. 
2. Join dissimilar pipe materials with nonpressure-type flexible couplings. 

3.4 CATCH BASIN INSTALLATION 

A. Construct catch basins to sizes and shapes indicated. 
B. Set frames and grates to elevations indicated. 

3.5 CONCRETE PLACEMENT 

A. Place and test cast-in-place concrete according to ACI 318 and Division 03 concrete section. 

3.6 CHANNEL DRAINAGE SYSTEM INSTALLATION 

A. Install with top surfaces of components, except piping, flush with finished surface. 
B. Assemble channel sections to form slope down toward drain outlets.  Use sealants, adhesives, 

fasteners, and other materials recommended by system manufacturer. 
C. Embed channel sections and drainage specialties in 8-inch minimum concrete around bottom 

and sides. 
D. Fasten grates to channel sections if indicated. 
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E. Assemble channel sections with flanged or interlocking joints. 
F. Embed channel sections in 8-inch minimum concrete around bottom and sides. 

3.7 IDENTIFICATION 

A. Materials and their installation are specified in Division 31 Section "Earth Moving." Arrange 
for installation of green warning tape directly over piping and at outside edge of underground 
structures. 

1. Use detectable warning tape over nonferrous piping and over edges of underground 
structures. 

3.8 FIELD QUALITY CONTROL 

A. Inspect interior of piping to determine whether line displacement or other damage has occurred.  
Inspect after approximately 24 inches of backfill is in place, and again at completion of Project. 

1. Submit separate reports for each system inspection. 

2. Defects requiring correction include the following: 

a. Alignment:  Less than full diameter of inside of pipe is visible between structures. 
b. Deflection:  Flexible piping with deflection that prevents passage of ball or 

cylinder of size not less than 92.5 percent of piping diameter. 
c. Damage:  Crushed, broken, cracked, or otherwise damaged piping. 
d. Infiltration:  Water leakage into piping. 
e. Exfiltration:  Water leakage from or around piping. 

3. Replace defective piping using new materials, and repeat inspections until defects are 
within allowances specified. 

4. Reinspect and repeat procedure until results are satisfactory. 

B. Test new piping systems, and parts of existing systems that have been altered, extended, or 
repaired, for leaks and defects. 

1. Do not enclose, cover, or put into service before inspection and approval. 

2. Test completed piping systems according to requirements of authorities having 
jurisdiction. 

3. Schedule tests and inspections by authorities having jurisdiction with at least 24 hours' 
advance notice. 

4. Submit separate report for each test. 



STORM UTILITY DRAINAGE PIPING  Tetra Tech 

33 41 00 / Page 10 Project No. 203778-21001 Architects & Engineers 

5. Gravity-Flow Storm Drainage Piping:  Test according to requirements of authorities 
having jurisdiction, UNI-B-6, and the following: 

a. Exception:  Piping with soil tight joints unless required by authorities having 
jurisdiction. 

b. Option:  Test plastic piping according to ASTM F 1417. 

3.9 CLEANING 

A. Clean interior of piping of dirt and superfluous materials. Flush with water. 

END OF SECTION 33 41 00 
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	26 05 00-Common Work Results for Electrical
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General Conditions and Division 01 Specification Sections, apply to this Section and to all of Division 26.

	1.2 SUMMARY
	A. Section Includes:
	B. Products Installed but Not Furnished Under This Section

	1.3 REFERENCES
	1.4 DEFINITIONS
	A. “Existing”: Equipment depicted on Drawings with an “E” designation denotes existing equipment to remain.
	B. “Relocate”: Equipment depicted on Drawings with an “RL” designation denotes existing equipment to relocate.  Disconnect equipment, remove circuitry to a point beyond demolition and tag for reuse, store equipment for reuse and reinstall as specified in Contract Documents.  Modify/extend circuitry to new equipment locations and reconnect.  The Contractor is responsible for protecting equipment from damage during removal, storage and reinstallation.
	C. “Replace”: Equipment depicted on Drawings with an “R” designation denotes existing equipment to replace.  Refer to relevant Project Manual Specification for additional information and requirements.

	1.5 SYSTEM DESCRIPTIONS
	A. Inspection of Existing Systems:  Inspect each existing system scheduled for modification in presence of Authorized Owner’s Representative and issue a deficiency report to Owner and Architect listing conditions found prior to any removals, relocations, or additions. Modified systems include (but are not limited to):
	B. Design Requirements - Provide complete systems, properly tested, balanced, and ready for operation including necessary details, items and accessories although not expressly shown or specified, including (but not limited to):
	C. Electric Layouts:  Arrange panels; disconnect switches, enclosed breakers, equipment, raceways, and similar components neatly, orderly and symmetrically.  Provide 3/4-inch fire treated, gray painted plywood backboards for surface mounted panels, disconnect switches, enclosed breakers, and similar equipment.  Arrangements shown on Drawings are diagrammatic only; provide and adjust raceways, wiring, and other components as required.
	D. Power Interruptions and Scheduled Outages:  Coordinate scheduling of all power interruptions and outages with Owner.  Confirm with Owner prior to interruption of power, which building systems are considered critical and must remain operational during the interruption.  If a scheduled power outage is to extend beyond one standard workday, provide temporary power to operate critical building systems (including, but not limited to fire alarm system, security system, building access control system, and building energy management control system).

	1.6 SUBMITTALS
	A. General Division 26 submittal requirements:

	1.7 ACTION SUBMITTALS
	A. Product Data:  For each type of product. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for sleeves and sleeve seals. Include rated capacities, and furnished specialties and accessories.

	1.8 QUALITY ASSURANCE
	A. Regulatory Requirements:

	1.9 DELIVERY, STORAGE AND HANDLING
	A. Storage and Protection:

	1.10 COORDINATION OF WORK
	A. Existing Construction:

	1.11 ALTERATION PROCEDURES
	A. In locations where existing devices are indicated to be disconnected and removed and existing power circuit or communications cable is not scheduled to be reused:
	B. In locations where existing devices are to remain in place, ensure circuits feeding such devices remain operational.  Modify existing circuits as required to allow new construction to occur and to maintain necessary circuitry to existing devices for complete and proper operation.
	C. In locations where entire existing system is being removed or modified:


	PART 2 -  PRODUCTS
	A. Submit Manufacturers Product Data Sheets for each type of product selected. Certify that Firestop Material is free of asbestos and lead paint and complies with local regulations.
	B. Submit system design listings, including illustrations from qualified testing and inspection agency that is applicable to each firestop configuration.
	C. Submit a project specific Penetration Firestopping Schedule indicating where each firestop configuration will be used.

	PART 3 -  EXECUTION
	3.1 CUTTING AND PATCHING
	A. Do not cut waterproofed floors or walls for admission of any equipment or materials and do not pierce any structural members without written permission from Architect.
	B. Furnish and install sleeves, inserts, panels, raceways, boxes, and similar infrastructure ahead of general construction work and maintain Contractor personnel at Site during installation of general construction work to be responsible for and to maintain these items in position.
	C. Unless otherwise noted elsewhere in Contract Documents, bear expense of cutting, patching, repairing or replacing of work of other trades made necessary by any fault, error or tardiness on part of Electrical Contract or damage done by Electric Contract. Employ and pay Contractor whose work is involved.

	3.2 DEMONSTRATION OF COMPLETE ELECTRICAL SYSTEMS
	A. Thoroughly demonstrate and instruct Owner's designated representative in care and operation of electrical systems and equipment furnished and installed in Electric Contract.

	3.3 FIRESTOPPING
	A. Applied Fireproofing:
	B. Repaired or replacement fireproofing shall match the fireproofing adjacent to the repaired area. All warranties shall be maintained.



	26 05 19-Low-Voltage Electrical Power Conductors and Cables
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following:

	1.3 SUBMITTALS, GENERAL
	A. General: Submit all submittals required by this Section concurrently.

	1.4 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.

	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. Comply with NFPA 70.


	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:
	B. Single Conductors (600 Volt and Below): 600 volts rated, single conductor, 98 percent conductivity, stranded, annealed copper, sizes as shown, but not less than No. 12 AWG minimum size. Comply with NEMA WC 70.
	C. Conductor Insulation:  Comply with NEMA WC 70 for Types THHN-THWN, XHHW.
	D. Multiconductor Cable:  (Type MC - Metal Clad): aluminum interlocking armor, 90 degree C, 600V rated conductors (75 degree C wet locations), stranded copper conductors, minimum size No. 12 AWG, insulated green equipment grounding conductor with anti-short bushings.

	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:
	B. Splices and Terminations: Provide factory fabricated metal connectors of sizes, ratings, materials, types and classes as required for each service. Provide proper selection as determined by Installer to comply with installation requirements and NEC standards. Provide the following:


	PART 3 -  EXECUTION
	3.1 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS
	A. Service Entrance: Type XHHW, single conductors in raceway.
	B. Exposed Feeders: Type THHN-THWN, single conductors in raceway.
	C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-THWN, single conductors in raceway.
	D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type XHHW, single conductors in raceway.
	E. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN, single conductors in raceway.
	F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-THWN, single conductors in raceway.
	G. Branch Circuits in Cable Tray: Metal-clad cable, Type MC.
	H. Cord Drops and Portable Appliance Connections:  Type SO, hard service cord with stainless-steel, wire-mesh, strain relief device at terminations to suit application.
	I. Class 1 Control Circuits:  Type THHN-THWN, in raceway.
	J. Metal Clad Type "MC" Cable:

	3.2 INSTALLATION OF CONDUCTORS AND CABLES
	A. Wire and Cable Installation:  Install all wire and cable in approved raceway with exit light circuits, emergency lighting circuits, and special systems wiring installed in separate raceways.   Use UL approved lubricants for wire pulling.  Tag all feeders, subfeeders, special system wiring and branch circuit wiring at each pull box, junction box, and gutter space indicating point of origin and termination.   Install green grounding wire in all raceways for connection to equipment, motors, transformers, and similar equipment.   Install low voltage cables as detailed in individual sections.
	B. Splices and Terminations: Make all splices accessible.  Insulate all splices, taps, and connections to insulation value of conductor.  Follow all instructions and recommendations of splice material manufacturer.  Terminate low voltage cables with termination blocks as described in individual sections.
	C. Color Coding:
	L1   L2   L3   Neutral   Ground
	208Y/120    Black  Red   Blue  White   Green
	480Y/277    Brown  Orange  Yellow  Natural Gray Green
	D. Pull all conductors together where more than one is being installed in raceway.
	E. Do not exceed maximum pulling tension of wire being installed.  Use pulling compound or lubricant, where necessary. Use compound that will not deteriorate conductor or insulation.
	F. Use pulling means, including fish tape, cable or rope that cannot damage raceway or wire.
	G. Replace wiring damaged during installation.
	H. Support cables according to Division 26 Section "Hangers and Supports for Electrical Systems."

	3.3 CONNECTIONS
	A. Splices:
	B. Terminations:
	C. Provide insulated green ground conductor for each branch and feeder circuit.
	D. Isolated Ground Conductors: Insulated with green-colored insulation with yellow stripe. On feeders with isolated ground, use colored tape, alternating bands of green and yellow tape to provide a minimum of three bands of green and two bands of yellow.
	E. All connections and terminations installed according to manufacturer’s recommendations.
	F. All bolted or screw-type terminations specifically torqued to setting specified by manufacturer.

	3.4 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 Division 26 Section "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

	3.5 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly.

	3.6 FIELD QUALITY CONTROL
	A. Prior to energization, test cable and wire for continuity of circuitry and also for short circuits. Correct malfunctions when detected. Subsequent to wire and cable hook-ups, energize circuitry and demonstrate functioning in accordance with NETA testing requirements.
	B. Provide resistance "Megger" test for power conductors  rated at 50 amperes and above prior to energization.  Replace and re-test defective conductors. The minimum resistance for 600 volt insulation rated cables is 100 megohms at a 1000 volt DC test voltage measured between all phases and between all phases and ground.
	C. Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each splice, connection and termination for each service entrance and power feeder conductor No. 2 AWG and larger. Remove box and equipment covers so splices, connectors and terminations are fully accessible to portable scanner. Correct deficiencies found during the scan.
	D. Inspection and Test Reports: Prepare and submit a written report to record the following:



	26 05 33-Raceways and Boxes for Electrical Systems
	26 05 44-Sleeves and Sleeve Seals for Elec Racways
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 ACTION SUBMITTALS
	A. Product Data:  For each type of product specified.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Wall Sleeves:
	B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:  Galvanized-steel sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with tabs for screw-fastening the sleeve to the board.
	C. PVC-Pipe Sleeves:  ASTM D 1785, Schedule 40.

	2.2 SLEEVE-SEAL SYSTEMS
	A. Description:  Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.

	2.3 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 (34.5-MPa), 28-day compressive strength.
	D. Packaging:  Premixed and factory packaged.

	2.4 SILICONE SEALANTS
	A. Silicone Sealants:  Single-component, silicone-based, neutral-curing elastomeric sealants of grade indicated below.
	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. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit Floors and Walls:
	C. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:
	D. 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.
	E. 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
	3.4 SLEEVE INSTALLATION FOR FIRE RATED ASSEMBLY PARTITIONS
	A. Install sleeves for penetrations of fire-rated floor and wall assemblies unless openings compatible with firestop system used are fabricated during construction of floor or wall.
	B. Maintain indicated fire rating of walls, partitions, ceilings and floors at raceway penetrations. Install sleeves and sleeve seals with appropriate firestop materials. Comply with Division 07 Section “Penetration Firestopping”.



	26 05 53-Identification for Electrical Systems
	26 24 16-Panelboards
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. SVR:  Suppressed voltage rating.

	1.4 ACTION SUBMITTALS
	A. Product Data:  For each type overcurrent protective device accessory, and component indicated.  Include dimensions and manufacturers' technical data on features, performance, electrical characteristics, ratings, and finishes.

	1.5 QUALITY ASSURANCE
	A. Testing Agency Qualifications:  Member company of NETA or an NRTL.
	B. Source Limitations:  Obtain overcurrent protective devices, components, and accessories from single source from single manufacturer.
	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 NEMA PB 1.
	E. Comply with NFPA 70.

	1.6 PROJECT CONDITIONS
	A. Environmental Limitations:
	B. Service Conditions:  NEMA PB 1, usual service conditions, as follows:
	C. 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:


	PART 2 -  PRODUCTS
	2.1 OVERCURRENT PROTECTIVE DEVICES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to meet available fault currents.

	2.2 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
	3.2 INSTALLATION
	A. Install overcurrent devices and accessories according to NECA 407.
	B. Mount top of trim 90 inches above finished floor unless otherwise indicated.
	C. Install overcurrent protective devices and controllers not already factory installed.
	D. Install filler plates in unused spaces.
	E. Arrange conductors in gutters into groups and bundle and wrap with wire ties.
	F. Comply with NECA 1.

	3.3 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying with Section 26 05 53 "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.  Use a computer or typewriter to create directory; handwritten directories are not acceptable.
	C. Device Nameplates:  Label each branch circuit device in distribution panelboards with a nameplate complying with requirements for identification specified in Section 26 05 53 "Identification for Electrical Systems."

	3.4 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.
	C. Perform tests and inspections.
	D. Acceptance Testing Preparation:
	E. Tests and Inspections:
	F. Prepare test and inspection reports, including a certified report that identifies panelboards included 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 component to function smoothly and lubricate as recommended by manufacturer.
	B. Load Balancing:  After Substantial Completion, but not more than 60 days after Final Acceptance, measure load balancing and make circuit changes.
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