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SECTION 230001 - GENERAL PROVISIONS FOR MECHANICAL WORK
PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

Requirements of this Section apply to work in every Section of Division 23 equally as if
incorporated therein.

WORK INCLUDED

Work included in Division 23 - Mechanical: Materials, equipment, fabrication, installation and
tests in conformity with applicable codes and authorities having jurisdiction for Mechanical Work
covered by all sections within this Division.

SCOPE

Division of the Specification into sections is for the purpose of simplification alone.
Responsibility for the work of various trades shall rest with the Contractor. Various sections of
this Division are related to each other as well as the mechanical drawings. Examine all drawings
and read all applicable parts of the project manual in order to insure complete execution of all
work in this Division, coordinating where required with other trades in order to avoid conflicts.

These specifications and accompanying drawings are intended to cover the furnishing of all labor,
materials, equipment and services necessary for the complete installation and acceptable
performance of the mechanical systems. Small items of material, equipment and appurtenances
not mentioned in detail or shown on the drawings, but necessary for complete and operating
systems shall be provided by this contractor without additional charge to the Owner and shall be
included under this contract.

In general, specifications establish the quality of material, equipment and workmanship. The
contract documents are intended to secure for the Owner, a first-class installation in every respect.
Labor shall be performed by skilled mechanics, and the entire facility, when delivered to the
Owner, shall be ready for satisfactory and efficient operation.

The Contractor shall carefully examine the drawings and specifications before accepting the
contract. He shall call attention to any changes or additions which, in his opinion, are necessary
to make possible the fulfillment of any guarantee called for by these specifications; failing which,
it shall be deemed that he has accepted full responsibility for all such guarantees.

The contractor shall put his work in place as fast as is reasonably possible. He shall, at all times,
keep a competent foreman in charge of the work, to make decisions necessary for the diligent
advancement of the work. The Contractor shall facilitate the inspection of the work by the
Owner's Representative.
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The Contractor shall coordinate all work in the building in order to facilitate intelligent execution
of the work. He shall also remove any rubbish as expeditiously as possible.

Materials or products specified herein and/or indicated on the drawings by trade’s names,
manufacturer's names, model number or catalog numbers establish the quality of materials or
products to be furnished. Model numbers are to be confirmed by the manufacturer to provide
required capacities and material to meet the specifications and design intent. In no instance shall
an obsolete, incomplete or inaccurate trade name, manufacturer name, model number or catalog
number indicated on the drawings, result in additional charges to the owner.

Points of connection or continuation of work under this contract are so marked on drawings or
herein specified. In case of any doubt as to the required exact location of such points, the
Owner's Representative shall decide and direct.

The plumbing contractor shall provide water services to within two (2) feet of HVAC equipment
requiring same, and shall terminate service with a shutoff valve. The mechanical contractor shall
make the final connection to the equipment.

REFERENCE STANDARDS, CODES AND REGULATIONS

Requirements of Regulatory Agencies:

1. Nothing contained in these specifications or shown on the drawings shall be construed to
conflict with any State or local laws, ordinances, rules and regulations, the UL and NFPA
regulations. The Contractor shall make all changes required by the enforcing authorities.
Where alterations to and / or deviations from the Contract Documents are required by the
authorities having jurisdiction, report the requirements to the Engineer and secure
acceptance before work is started. All such changes shall be made in a manner acceptable
to the Engineer and shall be made without cost to the Owner.

2. When drawings or specifications exceed requirements of applicable laws, ordinances,
rules and regulations, comply with documents establishing the more stringent
requirement. All work shall be done in full conformity with the requirements of all
authorities having jurisdiction. Installation shall be made in compliance with all
applicable regulations, and utility company rules, all of which shall be considered a part
of this specification and shall take precedence in the order of listing.

3. It is not the intent of drawings or specifications to repeat requirements of codes except
where necessary for completeness in individual sections.

Published specifications, standards, tests or recommended method of trade, industry or
governmental organizations as listed below apply to all work in this Division, in addition to other
standards which may be specified in individual sections:

1. AABC Associated Air Balance Council

2. ADC Air Diffuser Balance Council

3. AMCA Air Moving and Conditioning Association

4. AGA American Gas Association

5. ANSI American National Standards Institute

6. ARI Air Conditioning and Refrigeration Institute

7. ASHRAE  American Society of Heating, Refrigeration and Air Conditioning Engineers
8. ASME American Society of Mechanical Engineers

9. ASTM American Society for Testing and Materials

10. CISPI Cast Iron Soil Pipe Institute
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12. FMS Factory Mutual Engineering and Research Corporation
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13. NAPHCC National Standard Plumbing Code
14. NEMA National Electrical Manufacturer's Association

15. NFPA National Fire Protection Association

16. NBFU National Board of Fire Underwriters

17. NEC National Electric Code

18. OSHA Occupational Safety and Health Administration

19. PDI Plumbing Drainage Institute

20. SMACNA Sheet Metal & Air Conditioning Contractors National Association
21. UL Underwriters Laboratories, Inc.

Furnish and file with the proper authorities, all drawings required by them in connection with the
work. Contractor shall secure and obtain all approvals, permits, licenses and inspections and pay
all legal and proper fees and charges in this connection, before commencing work in order to
avoid delays during construction. He shall deliver the official records of the granting of the
permits, etc., to the Owner's Representative.

1.5 QUALITY ASSURANCE

All equipment and accessories to be the product of a manufacturer regularly engaged in its
manufacture.

Supply all equipment and accessories new and free from defects.

Supply all equipment and accessories in compliance with the applicable standards listed in Article
1.4 of this section with all applicable national, state and local codes.

All items of a given type shall be the product of same manufacturer.

DESCRIPTION OF BID DOCUMENTS

Specifications:

1. Specifications, in general, describe quality and character of materials and equipment.

2. Specifications are of simplified form and include incomplete sentences.

3. Words or phrases such as "The Contractor shall”", "shall be", "furnish", "provide", "a",

"an", "the", and "all" may have been omitted for brevity.

Drawings: Mechanical drawings under this contract are made a part of these specifications.
Deviations from these specifications as noted below must have the approval of the Engineer or
Construction Manager without an increase in contract price.

1. The drawings shall be considered as being diagrammatic and for bidding purposes only.
Intention is to show size, capacity, approximate location, direction and general
relationship of one work phase to another, but not exact detail or arrangement. The
attention of the contractor is called to the fact that while these drawings are generally to
scale and are made as accurately as the scale will permit, all critical dimensions shall be
determined in the field. They are not to be considered as erection drawings.

2. The drawings do not indicate every fitting, elbow, offset, valve, etc. which is required to
complete the job. Contractor shall prepare field erection drawings as required for the use
of his mechanics to insure proper installation.
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3. Scaled and figured dimensions are approximate and are for estimating purposes only.
Indicated dimensions are limiting dimensions.
4. Before proceeding with work check and verify all dimensions in field.
5. Assume all responsibility for fitting of materials and equipment to other parts of
equipment and structure.
6. Make adjustments that may be necessary or requested in order to resolve space problems,
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preserve headroom, and avoid architectural openings, structural members and work of
other trades.

7. For exact locations of building elements, refer to dimensional Architectural/Structural
drawings.

Description of systems: Provide all materials to provide functioning systems in compliance with

performance requirements specified, and any modifications resulting from reviewed shop

drawings and field coordinated drawings.

1. Installation of all systems and equipment is subject to clarification as indicated in
reviewed shop drawings and field coordination drawings.

Do not use equipment exceeding dimensions indicated or equipment or arrangements that reduce
required clearances or exceed specified maximum dimensions.

If any part of Specifications or Drawings appears unclear or contradictory, apply to Architect for
his interpretation and decision as early as possible, including during bidding period.
1. Do not proceed with work without Engineer's decision.

EQUIPMENT MANUFACTURERS

The first named manufacturer is used as the basis of design. Other named manufacturers are
identified as equivalent manufacturers, not equivalent products. Naming other manufacturers
does not necessarily imply conformance of any specific product with the written specifications.

The contractor is required to verify that equipment and material to be used on the project meets
the requirements of the specifications and will physically fit the available space, clearance and
service requirements of the particular piece of equipment and include all pertinent information
when he submits material for acceptance. Contractor shall also be responsible for and bear the
cost of any modifications to openings available or anticipated as being available for rigging
equipment to its final installation place. This shall include openings in exterior envelope, walls
and roofs, interior walls, corridors, passage ways or door openings. Any on site dismantling and
any reassembly of equipment made necessary by impediment to the rigging of said equipment
shall be the sole responsibility of the contractor.

Contract document indicates power and physical requirements based on the equipment
manufacturer's data as first named. If equipment requiring more system capacity is furnished, the
contractor shall be responsible for the cost associated with modifying the design and installation
of associated services, including any redesign costs associated with the engineer’s review.

DEFINITIONS

"Provide": To supply, furnish, install and connect up complete and ready safe and regular
operation of particular work referred to unless specifically noted.
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B. "Install": To erect, mount and connect complete with related accessories.

C. "Supply"”, "Furnish": To purchase, procure, acquire and deliver complete with related
accessories.

D. "Work": Labor, materials, equipment, apparatus, controls, accessories, and other items required
for proper and complete installation.

E. "Piping": Pipe, tube, fittings, flanges, valves, controls, strainers, hangers, supports, unions, traps,
drains, insulation, and related items.

F. "Wiring": Raceway, fittings, wire, boxes and related items.

G. "Concealed": Items referred to as hidden from normal sight, embedded in masonry or other
construction, installed in furred spaces, within double partitions or hung ceilings, in trenches, in
crawl spaces, or in enclosures.

H. "Exposed": Not installed underground or "concealed" as defined above.

I. "Indicated", "Shown", or "Noted": As indicated, shown or noted on drawings or specifications.

J. "Directed": Directed by Engineer.

K. "Similar" or "Equal": Of base bid manufacture, equal in materials, weight, size, design, and
efficiency of specified product.

L. "Reviewed", "Satisfactory", or "Directed": As reviewed, satisfactory, or directed by or to
Engineer.

M. "Motor Controllers": Manual or magnetic starters (with or without switches), individual
pushbuttons or hand-off-automatic (HOA) switches controlling the operation of motors.

N. "Control or Actuating Devices": Automatic sensing and switching devices such as thermostats,
pressure, float, electro-pneumatic switches and electrodes controlling operation of equipment.

0. "Remove": Dismantle, demolish and take away from the site and dispose of in accordance with
all applicable rules and regulations or, should the Owner so require, deliver to a location as
designated by the Owner for the use of the Owner, at no additional cons to the Owner.

P. "Replace": Remove existing and provide an equivalent product or material as specified.

Q. "Extract (and Reinstall) ": Carefully disassemble, dismantle existing, save or store where directed
by the Owner, in such a manner as to preserve the existing condition and reinstall as indicated on
the drawings or as described in the specifications.

R. Where any device or piece of equipment is referred to in the singular number, such reference

CPL

shall be deemed to apply to as many devices as are required to complete the installation.
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1.9 JOB CONDITIONS

A. This contractor shall investigate all conditions affecting his work and shall provide such offsets,
fittings, valves, sheet metal work, etc., as may be required to meet conditions at the building.

B. The contractor shall verify all measurements at the building site and shall be responsible for the
correctness of same before ordering materials or before starting work of any Section.

1. Report to Architect, in writing, conditions which will prevent proper provision of this
work.

2. Beginning work of any Section without reporting unsuitable conditions to Architect
constitutes acceptance of conditions by Contractor.

3. Perform any required removal, repair or replacement of this work caused by unsuitable
conditions at no additional cost to Owner.

C. Piping and ductwork shall be concealed or run behind furring in finished spaces unless otherwise
noted to be run exposed.

D. Horizontal piping and ductwork not run below slabs on grade shall be run as close as possible to
underside of roof or floor slab above and parallel to building lines. Maintain maximum headroom
in all areas.

E. Determine possible interference between trades before the work is fabricated or installed. The
contractor must coordinate his work to insure that erection will proceed without such interference.
Coordination is of paramount importance and no request for additional payment will be
considered where such request is based upon interference between trades.

F. Connections to Existing Work:

1. Install new work and connect to existing work with minimum of interference to existing
facilities.

2. Temporary shutdowns of existing services:
a. At no additional charges
b. At times not to interfere with normal operation of existing facilities.
c. Only with written consent of Owner.

3. Maintain continuous operation of existing facilities as required with necessary temporary
connections between new and existing work.

4. Restore existing disturbed work to original condition.

G. Removal, extraction and relocation of existing work.

CPL

1. The work includes demolition or removal of all construction indicated or specified. All
materials resulting from demolition work, except as indicated or specified otherwise,
shall become the property of the Contractor and shall be removed from the site. Rubbish
and debris shall be removed from the site daily unless otherwise directed so as to not
allow accumulation inside or outside the building. Materials that cannot be removed
daily shall be stored in areas specified by the Owner.

2. Title to all materials and equipment to be demolished, excepting Owner salvage and
historical items, is vested in the Contractor upon receipt of notice to proceed. The Owner
will not be responsible for the condition, loss or damage to such property after notice to
proceed.

3. The Owner reserves the "Right of First Refusal" on all material for salvage. Material for
salvage shall be stored as approved by the Owner. Salvage materials shall be removed
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from the site before completion of the Contract. Material for salvage shall not be sold on
the site.

Property of the Owner: Salvaged items remaining the property of the Owner shall be
removed in a manner to prevent damage and packed or crated to protect the items from
damage while in storage or during shipment and relocated by the contractor at no cost, to
the Owners designated storage facility on the site. Containers shall be properly identified
as to contents.

Damaged Items: Items damaged during removal or storage shall be repaired or replaced
to match existing.

Disconnect, remove or relocate material, equipment, plumbing fixtures, piping and other
work noted and required by removal or changes in existing conditions.

Where existing pipes, conduits and/or ducts which are to remain prevent installation of
new work as indicated, relocate, or arrange for relocation, of existing pipes, conduits,
and/or ducts.

Provide new material and equipment required for relocated equipment.

Plug or cap active piping or ductwork behind or below finish.

Do not leave long dead-end branches.

a. Cap or plug as close as possible to active line.

Remove unused piping, ductwork and equipment.

Dispose of unusable piping, ductwork and material.

CLEARANCE FROM ELECTRICAL EQUIPMENT

Piping or ductwork:

1.

Prohibited, except as noted, in:
a. Electric rooms and closets.
b. Telephone rooms and closets.
c. Elevator machine rooms.
d. Electric switchboard room.
Prohibited, except as noted, over or within 5 ft. of:
Transformers.
Substations.
Switchboards.
Motor control centers.
Standby power plant.
Bus ducts.
. Electrical panels.
rip pans under piping:
Only where unavoidable and approved.
18 gauge galvanized steel.
1) With bituminous paint coating.
Reinforced and supported.
Watertight.
e. With 1-1/4 inch drain outlet piped to floor drain or service sink.

e gR me s o

/e

TEMPORARY FACILITIES

Temporary facilities are not included within this Section.
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1.12 SPECIAL TOOLS
A. Furnish to Owner at completion of work:
1. One set of any special tools required to operate, adjust, dismantle or repair equipment
furnished under any section of the Division.
2. "Special tools": those not normally found in possession of mechanics or maintenance
personnel.
3. One pressure grease gun for each type of grease required.
a. With adapters to fit all lubricating fittings on equipment.
b. Include lubricant for lubricated plug valves.

1.13
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PRODUCT DELIVERY, HANDING AND STORAGE

Provide adequate and secure storage facilities for materials and equipment during the progress of
the work.

Contractor shall be responsible for the condition of all materials and equipment employed in the
mechanical installation until final acceptance by the Owner. Protect same from any cause
whatsoever.

Where necessary, ship in crated sections of size to permit passing through available space.

Ship equipment in original packages, to prevent damaging or entrance of foreign matter.

Handle and ship in accordance with manufacturer's recommendations.

Provide protective coverings during construction.

Replace at no expense to Owner, equipment or material damaged during storage or handling, as
directed by Engineer.

Tag all items with weatherproof tag, identifying equipment by name and purchase order number.
Include packing and shipping lists.

Adhere to special requirements as specified in individual sections.

PROTECTION OF MATERIALS

Protect from damage, water, dust, etc., material, equipment and apparatus provided under this
Division, both in storage and installed, until Notice of Completion has been filed.

Provide temporary storage facilities for materials and equipment.

Material, equipment or apparatus damaged because of improper storage or protection will be

rejected.

1. Remove from site and provide new, duplicate, material, equipment or ~ apparatus in
replacement of that rejected.
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Cover motors and other moving machinery to protect from dirt and water during construction.
Rotate moving equipment, shafts, bearings, motors etc. to prevent corrosion and to circulate
lubricants.

Protect premises and work of other Divisions from damage arising out of installation of work of

this Division.

1. Contractor shall be responsible for the replacement of all damaged or defective work,
materials or equipment. Do not install sensitive or delicate equipment until major
construction work is completed.

2. Remove replaced parts from premises.

Make good any damage to the work caused by floods, storms, accidents, acts of God, acts of
negligence, strikes, violence or theft up to time of final acceptance by the Owner.

Do not leave any mechanical work in a hazardous condition, even temporarily.

REVIEW OF CONSTRUCTION
Work may be reviewed at any time by representative of the Engineer.

Advise Architect and Engineer that work is ready for review at following times:

1. Prior to backfilling buried work.
2. Prior to concealment of work in walls and above ceilings.
3. When all requirements of Contract have been completed.

Neither backfill nor conceal work without Engineer's consent.

Maintain on job a set of Specifications and Drawings for use by Engineer's representatives.

SCHEDULE OF WORK

Arrange work to conform to schedule of construction established or required to comply with
Contract Documents.

In scheduling, anticipate means of installing equipment through available openings in structure.

Confirm in writing to Architect and Engineer, within 30 days of signing of contract, anticipated

number of days required to perform test, balance, and acceptance testing of mechanical systems.

1. This phase must occur after completion of mechanical systems, including all control
calibration and adjustment, and requires substantial completion of the building, including
closure, ceilings, lighting, partitioning, etc.

2. Submit for approval at this time, names and qualifications of test and balancing agencies
to be used.

Arrange with Owner schedule for work in each area.
Unless otherwise directed by Owner, perform work during normal working hours.

Work delays:
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1. In case noisy work interferes with Owner's operations, Owner may require work to be
stopped and performed at some other time, or after normal working hours.

ACCESS TO MECHANICAL WORK
Access doors in walls and ceilings.

Access Units Fire-Resistance Ratings: Where fire-resistance rating is indicated for construction
penetrated by access units, provide UL listed-and-labeled units, except for units which are smaller
than minimum size requiring ratings as recognized by governing authority.

Product Data, Access Units: Submit manufacturer's technical data and installation instructions
for each type of access door assembly, including setting drawings, templates, instructions and
directions for installation of anchorage devices.

Furnish to the general contractor all access doors necessary for access through inaccessible wall
or ceiling construction, for installation by the general contractor. Information on the size and
location of the subject access doors is to be communicated in writing to the general contractors
during the bidding period.

CONCRETE FOR MECHANICAL WORK

Concrete for Mechanical Work

1. Basins and curbs for mechanical equipment.

Mechanical equipment foundations and housekeeping pads.
Inertia bases for isolation of mechanical work.

Rough grouting in and around mechanical work.

Patching concrete cut to accommodate mechanical work.

whkwb

Quality control testing for concrete is required as work of this section.

Concrete Work Codes and Standards:

1. Comply with governing regulations and, where not otherwise indicated, comply with the
following industry standards; whichever is the most stringent in its application to work in
each instance.

ACI 301  "Specifications for Structural Concrete for Buildings"

ACI311  "Recommended Practice for Concrete Inspection”

ACI318 "Building Code Requirements for Reinforced Concrete"

ACI 347  "Recommended Practice for Concrete Form work"

ACI304 "Recommended Practice for Measuring, Mixing, Transporting and Placing
Concrete"

Concrete Reinforcing Steel Institute's, "Manual of Standard Practice"

Submittals: Shop Drawings, Mechanical Concrete Work: Submit shop drawings for structural
type concrete work, showing dimensions of formed shapes of concrete; bending, placement, sizes
and spacing of reinforcing steel; location of anchors, isolation units, hangers and similar devices
to be integrated with concrete work; and piping penetrations, access openings, inlets and other
accessories and work to be accommodated by concrete work.
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Laboratory Test Reports, Mechanical Concrete Work: Submit laboratory test reports for concrete
work materials, and for tested samples of placed concrete (where required as work of this
section).

NOISE REDUCTION

Cooperate in reducing objectionable noise or vibration caused by mechanical systems.
1. To extent of adjustments to specified and installed equipment and appurtenances.

Correct noise problems caused by failure to install work in accordance with Contract Documents.
1. Include labor and materials required as result of such failure.

CUTTING AND PATCHING

Provide all carpentry, cutting and patching required for proper installation of material and
equipment specified.

Do not cut or drill structural members without consent of Architect.

COORDINATION DRAWINGS

Layout Shop Drawings Required:

1. Prepare layout shop drawings for all areas; minimum 3/8 inch scale.
2. Individual coordinated trade layout drawings are to be prepared for all areas.
3. General Contractor is to assure that each trade has coordinated work with other trades,
prior to submittal where submittal is required.
a. Include stamp on each submittal indicating that layout shop drawing has been
coordinated.
4. No layout shop drawing will be reviewed without stamped and signed coordinated
assurance by General Contractor.
5. All changes shall be clearly marked on each submitted layout drawing.
6. Drawings shall show work of all trades including but not limited to'
a. Ductwork.
b. Piping: All Trades.
c. Mechanical Equipment.
d. Electrical Equipment.
e. Main Electrical conduits and bus ducts.
f. Equipment supports and suspension devices.
g. Structural and architectural constraints.
h. Show location of:

1) 1) Valves

2) 2) Piping specialties

3) 3) Dampers

4) 4) Access Doors

5) 5) Control and electrical panels
6) 6) Disconnect switches

7. Drawings shall indicate coordination with work in other Divisions that must be
incorporated in mechanical spaces, including, but not limited to:
a. Elevator equipment.
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b. Cable trays not furnished under Division 16.
c. Computer equipment.
8. Submission of drawings:
a. Prepare reproducible drawings.
b. Submit to other trades for review of space allocated to all trades.
c. Revise drawings to compensate for requirements of existing conditions and
conditions created by other trades.
d. Review revisions and other trades.
e. Submit one reproducible and one blueline print to Engineer for review.
9. Final prepared drawings shall show that other trades affected have made reviews and
signed, by each trade, at completions of coordination.
a. General Contractor
b. Include stamp on each submittal indicating that layout shop drawing has been
coordinated.
10. No layout shop drawing will be reviewed without stamped and signed coordination

1.22
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assurance by General Contractor.

Shop Drawings:

1. Layout drawings of mechanical equipment rooms and penthouses showing all related
equipment and equipment clearances required by other trades.

2. Layout drawings of areas in which it may be necessary to deviate substantially from

layout shown on the drawings. Minor transitions in ductwork, if required due to job
conditions, need not be submitted as long as the duct area is maintained. Show major
relocation of ductwork and major changes in size of ducts. Coordinate shop drawings
with all trades prior to ductwork fabrication.

3. Details of intermediate structural steel members required to span main structural steel for
the support of ductwork.

4. Method of attachment of duct hangers to building construction.

5. Duct material, gage, type of joints and duct reinforcing for each size range, including

sketches or SMACNA plate numbers for joints, method of fabrication and reinforcing.

GUARANTEE

Furnish guarantee covering all work in accordance with general requirements of the contract for
minimum period of one year. This personal guarantee shall exist for a period of one (1) year
from the date of final acceptance of the work and shall apply to defects in materials and to
defective workmanship of any kind.

For factory-assembled equipment and devices on which the manufacturers furnish standard
published guarantees as regular trade practice, obtain such guarantees and replace any such
equipment that proves defective during the life of these guarantees.

Guarantee all work for which materials are furnished, fabricated or field erected by the contractor,
all factory-assembled equipment for which no specific manufacturer's guarantee is furnished, and
all work in connection with installing manufacturer's guarantee is furnished, and all work in
connection with installing manufacturer's guaranteed equipment.

In the event of failure of any work, equipment or device during the life of the guarantee, repair or
replace the equipment or defective work. Remove, replace or restore, at no cost to the Owner,
any part of the structure or building which may be damaged either as the direct result of the
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defective work or in the course of the contractor's making replacement of the defective work or
materials. Work shall be done at a time and in a manner as to cause no undue inconvenience to
the Owner. Provide new materials, equipment, apparatus and labor to replace that determined by
Engineer to be defective or faulty.

This guarantee also applies to services including Instructions, Adjusting, Testing, Noise,
Balancing, etc.

Additional equipment and material guarantees and warrantees may be indicated in other sections.
In all cases, the more stringent guarantee or warrantee shall be provided.

PART 2 - PRODUCTS

MATERIALS AND EQUIPMENT QUALITY

Material and equipment furnished under this Division of specification shall be new. Defective or
inferior materials must be replaced by contractor at no cost to Owner regardless of the stage of
construction. Inferior material shall be defined as material or equipment of a quality or
performance less than that specified as determined by the Owner's Representative.

Provide each item of equipment with manufacturer's identification tag which is readily accessible
and clearly shows model and size.

ACCESS TO MECHANICAL WORK

Access Doors:

1. General: Where walls and ceilings must be penetrated for access to mechanical work,
access doors shall be provided. Furnish adequate size for intended and necessary access.
Furnish doors with UL Fire Rating to match wall or ceiling construction. Furnish
manufacturer's complete units, of type recommended for application in indicated
substrate construction, in each case, complete with anchorages and hardware.

Access Door Construction: Refer to Section 083113 — ACCESS DOORS AND FRAMES

PART 3 - EXECUTION

FIELD QUALITY CONTROL

Tests:

1. Perform as specified in individual sections, and as required by authorities having
jurisdiction.

2. Duration as noted.

Provide required labor, material, equipment, and connections.
Furnish written report and certification those tests have been satisfactorily completed.

Repair or replace defective work, as directed.
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E. Pay for restoring or replacing damaged work due to tests as directed.

F. Pay for restoring or replacing damaged work of others, due to tests, as directed.

3.2 3.2 ACCESS TO MECHANICAL WORK

A. Coordinate installation and placement of access doors and panels with contractor for general
construction.

B. Remove or replace panels or frames that are warped, bowed, or otherwise damaged.

CPL

END OF SECTION 230001
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SECTION 230002 - MECHANICAL AND ELECTRICAL COORDINATION

PART 1 - GENERAL

WORK INCLUDED

Work Included in This Section: Materials, equipment, fabrication, installation, and tests in
conformity with applicable codes and authorities having jurisdiction for the following:

I. Motors.

Factory-wired equipment (FWE).

Factory-wired control panels (FWCP).

Motor controllers where provided as part of mechanical equipment.

Motor controllers where supplied under Division 23 - Mechanical Work.

Disconnects and safety switches for mechanical equipment.

Fuses for equipment provided, and starters and disconnect switches.

Emergency Pushbutton Operator Station.

PN kWD

RELATED WORK SPECIFIED ELSEWHERE
Division 23 - HVAC Instrumentation and Controls, Motors.

Division 26 - Electrical: Installation and Power Wiring of Motor Controllers.

REFERENCE STANDARDS

Published specifications standards, tests, or recommended methods of trade, industry or
governmental organization as apply to work in this section where cited below:

1. ANSI - American National Standards Institute.

2. NEMA - National Electrical Manufacturer's Association.
3. IEEE - Institute of Electrical and Electronic Engineers.
QUALITY ASSURANCE

All equipment and accessories to be the product of a manufacturer regularly engaged in its
manufacture.

Supply all equipment and accessories new and free from defects.

Supply all equipment and accessories in compliance with the applicable standards listed in Article
1.03 of this Section and with all applicable National, State and local codes.

All items of a given-type shall be the products of the same manufacturer.

DIVISION OF WORK

This section delineates the work required to be performed by Contractors under Divisions 23 and
26.

WORK REQUIRED UNDER DIVISION 23

Furnish motors, manual and combination starters, pushbutton devices, contactors, disconnect
switches, electric thermostats, low voltage transformers, Emergency Break Glass Stations and
other electrical devices required for equipment furnished.

Install all items in piping and ductwork such as control valves, aquastats, ductstats, etc.
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All external wiring of equipment, all temperature control wiring, external wiring of control
circuits of magnetic starters, interlocking wiring, boiler wiring, Emergency Break Glass Stations,
and mounting of control devices, etc., shall be included under Division 23. All external wiring
shall be in conduit. (Unless specifically shown to be provided by the Electrical Contractor)

The Electrical Contractor, under Division 26, shall furnish and install all power wiring and
conduit to junction box, to disconnect switch on unit, to motor starters and contactors, and
between motor starters and contactors to motor or other load. Electrical Contractor shall be
responsible for proper direction of rotation for all three phase equipment. The Electrical
Contractor shall mount all starters, disconnects.

Wiring required under Division 23 shall comply with the specifications as described in Division
26.

Provide disconnect switches or safety switches for equipment. (Unless specifically shown to be
provided by the Electrical Contractor, starters and disconnects shown on the electrical drawings
are for installation and do not require the Electrical Contractor to furnish units)

SUBMITTALS

Shop Drawings: Complete wiring diagrams of all power and control connections (standard
diagrams will not be accepted). Deliver 2 copies of approved wiring diagrams to the Electric
Contractor for installation of wiring and connections required under the Electric Contract.

Product Data for Motor Controllers and Disconnect Switches: Manufacturer's catalog sheets,
specifications and installation instructions. Submit enclosure type coordinated for service and
location. Submit simultaneously with product data required for motors. Identify each controller
for use with corresponding motor. Submit shop drawings and product data in accordance with
project requirements.

All warranties shall be delivered as part of the close-out submission.

A receipt shall be delivered as part of the close-out submission that states all required spare parts
have been delivered to the owner. This receipt must be signed and dated by the owner.

PART 2 - PRODUCTS

ACCEPTABLE MANUFACTURERS

Motor Controllers and Disconnects

1. Square D

2. Allen-Bradley
3. General Electric
4, Cutler-Hammer

MOTOR CONTROLLERS

General: All starters shall be correctly sized to motor connected thereto. Provide one (1)
additional auxiliary contact over and above that normally furnished, at least two (2) required.
Provide overload heaters for each phase. Coordinate starters and controllers with the temperature
control Contractor and sequence of operations.

Minimum Size: The minimum allowable size of single or three phase magnetic motor controller
is NEMA size 0.

Enclosures: Unless otherwise indicated furnish NEMA 1 enclosures, except where installed
outdoors furnish NEMA 3R enclosures.
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D. Control Power: Furnish control power transformer (maximum control voltage 120 volts)
mounted within each magnetic motor controller enclosure.
E. Local Control Devices: Where indicated, furnish standard duty push buttons or 3-position
hand-oftf-auto selector switch mounted in the controller enclosure.
F. Pilot Lights: Furnish pilot lights of the neon lamp type mounted in the controller enclosure, green
for running, red for not running.
G. Motor Controller Types:
1. Type A (Full Voltage, Manual, Non-Magnetic):
a. Allen-Bradley Co. Bulletin 609 (or Bulletin 600 - single phase, 1 HP or less
only).
b. General Electric Co. CR-1062 (or CR-101 - single phase, 1 HP or less only).
c. Square D Co. Class 2510, Type M (or Class 2510, Type F - single phase, 1 HP or
less only).
d. Cutler-Hammer. B100 (or MS - single phase, 1 HP or less only).
2. Type A2 (2 Speed, 2 Winding, Full Voltage, Manual, Non-Magnetic):
a. Allen-Bradley Co. Bulletin 609TS (or Bulletin 600 - single phase, 1 HP or less
only).
b. General Electric Co. CR-1062 (or CR-101 - single phase, 1 HP or less only).
c. Square D Co. Class 2512, Type M (or Class 2512, Type F - single phase, 1 HP or
less only).
3. Type B (Full Voltage Magnetic):
a. Allen-Bradley Co. Bulletin 709.
b. General Electric Co. CR-206.
c. Square D Co. Class 8536.
d. Cutler-Hammer. ECNOS.
4. Type B-COM (Combination Full Voltage Magnetic/Safety Switch):
a. Allen-Bradley Co. Bulletin 712.
b. General Electric Co. CR-208.
C. Square D Co. Class 8538.
d. Cutler-Hammer. ECN16.
5. Type B2 (2 Speed, 2 Winding, Full Voltage, Magnetic):
a. Allen-Bradley Co. Bulletin 715.
b. General Electric Co. CR209.
c. Square D Co. Class 8810.
d. Cutler-Hammer. ECN33.
6. Type C (Automatic, Reduced Voltage, Magnetic):
a. Allen-Bradley Co. Bulletin 746.
b. General Electric Co. CR-231.
c. Square D Co. Class 8606.
d. Cutler-Hammer. ECA42.
7. Type C-COM (Combination Automatic, Reduced Voltage, Magnetic/ Safety Switch):
a. Allen-Bradley Co. Bulletin 746C.
b. Square D Co. Class 8606.
c. Cutler-Hammer. ECA43.
8. Type D (Part Winding, Magnetic):

CPL

Allen-Bradley Co. Bulletin 736.
General Electric Co. CR-230.
Square D Co. Class 8640.
Cutler-Hammer. ECA45.
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2.3 SAFETY SWITCHES
A. General Electric Co. Type TH; Square D Co. Heavy Duty Series; Cutler-Hammer HD Series;
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with the following:

1. Fused or unfused as required.

2. Fused switches equipped with fuseholders to accept only the fuses specified in Section
16181 (U.L. Class RK-1, RK-5, L).

3. NEMA 1 enclosure unless otherwise indicated on drawing or required. 3R for devices

installed outdoors.

4, Switch rated 240V for 120V, 208V, 240V, circuits; 600 V for 277V, 480V circuits.
5. Switch rated 600V for 277V, 480V circuits.

6. Solid neutral bus when neutral or grounding conductor is included with circuit.

7. Current rating and number of poles as indicated on drawings.

NAMEPLATES

Phenolic Type: Standard phenolic nameplates with 3/8" minimum size lettering engraved
thereon.

Embossed Aluminum: Standard stamped or embossed aluminum tags: Tech Products, Inc.,
Seton Name Plate Corp.
PART 3 - EXECUTION

GENERAL

Equipment shall be connected in a neat and skillful manner. Equipment deliver with terminal
boxes that are inadequate shall be equipped with special boxes that suit the conditions by the
Mechanical Contractor furnishing the equipment.

In general, rigid conduit or tubing shall be used, but equipment that requires movement or that
would transmit vibration to conduit shall be wired with flexible (liquid tight) steel conduit not
over 18" long.

All equipment shall be grounded with a green-covered ground wire run inside the conduit and
connected to equipment frame on one end and to grounding system on the other end.

All electrical work required in the Mechanical Contract shall conform to the applicable
requirements of Division 26 of these Specifications.

The Heating, Ventilating, and Air Conditioning Contractor shall assign all Electrical Work
required under his contract to the approved Automatic Temperature Control Contractor, who shall
perform this work with qualified electricians employed by that Contractor.

The Mechanical Contractors shall cooperate with the Contractor for Electrical Work in making all
necessary tests and in receiving, storing, and setting all motor-driven equipment, electrical
devices, and controls furnished and/or installed under these contracts.

Install heaters correlated with full load current of motors provided.

Set overload devices to suit motors provided.

INSTALLATION

Control Wiring:
1. Provide control wiring and connections.
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2. Where control circuit interlocking is required between individually mounted motor
controllers, provide a single pole on-off switch in a threaded type box mounted adjacent
to motor safety switches which are remote from the control transformer (to enable
interlock circuit to be opened when the motor safety switch is opened).

Nameplates: Rivet or bolt the nameplate on the cover of NEMA 1 enclosures. Rivet or bolt and
gasket the nameplate on cover of NEMA 3R or NEMA 12 enclosures. Provide phenolic or
embossed aluminum nameplates as follows:

1. On each remote control station, indicating motor controlled.

2. On each interlock circuit switch, indicating purpose of switch.

TYPES OF MOTOR CONTROLLERS REQUIRED FOR SINGLE SPEED MOTORS
(SYSTEMS UNDER 250 VOLTYS)

Single Phase Motors Less than 5 HP - Manually Operated: Type A.

Single Phase Motors Less than 1/2 HP - Automatically Operated: Type A.

Single Phase Motors 1/2 to 5 HP - Automatically Operated: Type B.

Three Phase Squirrel Cage Motors Less than 7-1/2 HP: Type B (B-COM when indicated on
drawings).

Three Phase Squirrel Cage Motors 7-1/2 HP and Larger: Type C (C-COM when indicated on
drawings).

Three Phase Hermetically Sealed Compressor Motors Less than 7-1/2 HP: Type B.

Three Phase Hermetically Sealed Compressor Motors 7-1/2 HP and Larger: Type D.

TYPES OF MOTOR CONTROLLERS REQUIRED FOR 2 SPEED MOTORS (SYSTEMS
UNDER 250 VOLTS)

Single Phase Motors Less than 5 HP - Manually Operated: Type A2.

Single Phase Motors Less than 1/2 HP - Automatically Operated: Type A2.

Single Phase Motors 1/2 to 5 HP - Automatically Operated: Type B2.

Three Phase Squirrel Cage Motors Less than 7-1/2 HP: Type B2.

DISCONNECTS

Motor Controllers: Provide safety switch for all motor controllers. Provide combination type
starter-disconnect unless otherwise noted on drawings.

Motors: Provide a disconnect switch for all motors. Provide a separate safety switch for motors
which are not within sight of the starter.

Provide safety switches for all factory packaged equipment.
Provide NEMA 3R safety switch for all rooftop and outdoor equipment.

Provide unit mounted disconnect switches for all equipment such as unit heaters, fans, unit
ventilators, incremental units, etc

END OF SECTION 230002
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SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes 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.

1.3 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. Comply with NEMA MG 1 unless otherwise indicated.
B. Comply with IEEE 841 for severe-duty motors.

2.2 MOTOR CHARACTERISTICS

A. Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet above sea
level.
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.

2.3 POLYPHASE MOTORS

A. Description: NEMA MG 1, Design B, medium induction motor.

B. Efficiency: Premium energy efficient, as defined in NEMA MG 1.

C. Service Factor: 1.15.

D. Multispeed Motors: Variable torque.
1. For motors with 2:1 speed ratio, consequent pole, single winding.
2. For motors with other than 2:1 speed ratio, separate winding for each speed.
Multispeed Motors: Separate winding for each speed.

F. Rotor: Random-wound, squirrel cage.

CPL
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G. Bearings: Regreasable, shiclded, antifriction ball bearings suitable for radial and thrust loading.
H. Temperature Rise: Match insulation rating.

I Insulation: Class F.

J Code Letter Designation:

1. Motors 15 HP and Larger: NEMA starting Code F or Code G.

2. Motors Smaller than 15 HP: Manufacturer's standard starting characteristic.

K. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for motor frame
sizes smaller than 324T.

24 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS

A. 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.

B. Motors Used with Variable Frequency Controllers: Ratings, characteristics, and features
coordinated with and approved by controller manufacturer.

1. 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.

2. Energy- and Premium-Efficient Motors: Class B temperature rise; Class F insulation.

3. Thermal Protection: Comply with NEMA MG 1 requirements for thermally protected
motors.

C. Severe-Duty Motors: Comply with IEEE 841, with 1.15 minimum service factor.

2.5 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.

B. Multispeed Motors: Variable-torque, permanent-split-capacitor type.

C. Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and thrust
loading.

D. Motors 1/20 HP and Smaller: Shaded-pole type.

E. Thermal Protection: Internal protection to automatically open power supply circuit to motor
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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.

PART 3 - EXECUTION (Not Applicable)

END OF SECTION 230513
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SECTION 230517 - SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:
1. Sleeves.

2. Stack-sleeve fittings.
3. Sleeve-seal systems.
4. Sleeve-seal fittings.
5. Grout.

ACTION SUBMITTALS

Product Data: For each type of product indicated.

PART 2 - PRODUCTS

SLEEVES

Cast-Iron Wall Pipes: Cast or fabricated of cast or ductile iron and equivalent to ductile-iron
pressure pipe, with plain ends and integral waterstop unless otherwise indicated.

Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and welded
steel collar; zinc coated.

Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated,
with plain ends.

Galvanized-Steel-Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed with welded
longitudinal joint.

Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer surface with
nailing flange for attaching to wooden forms.

STACK-SLEEVE FITTINGS

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. Smith, Jay R. Mfg. Co.

2. Zurn Specification Drainage Operation; Zurn Plumbing Products Group.

Description: Manufactured, cast-iron sleeve with integral clamping flange. Include clamping
ring, bolts, and nuts for membrane flashing.
1. Underdeck Clamp: Clamping ring with setscrews.

SLEEVE-SEAL SYSTEMS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
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1. Advance Products & Systems, Inc.
2. CALPICO, Inc.
3. Metraflex Company (The).
4. Pipeline Seal and Insulator, Inc.
5. Proco Products, Inc.

O
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Description: Modular sealing-element unit, designed for field assembly, for filling annular space
between piping and sleeve.

1. Sealing Elements: EPDM-rubber interlocking links shaped to fit surface of pipe. Include
type and number required for pipe material and size of pipe.

2. Pressure Plates: Carbon steel.

3. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating, of length

required to secure pressure plates to sealing elements.

SLEEVE-SEAL FITTINGS

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. Presealed Systems.

Description: Manufactured plastic, sleeve-type, waterstop assembly made for imbedding in
concrete slab or wall. Unit has plastic or rubber waterstop collar with center opening to match
piping OD.

GROUT

Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout.

Characteristics: Nonshrink; recommended for interior and exterior applications.
Design Mix: 5000-psi, 28-day compressive strength.
Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

SLEEVE INSTALLATION
Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.

For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to
provide 1-inch annular clear space between piping and concrete slabs and walls.
1. Sleeves are not required for core-drilled holes.

Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls
are constructed.

1. Permanent sleeves are not required for holes in slabs formed by molded-PE or -PP
sleeves.
2. Cut sleeves to length for mounting flush with both surfaces.
a. Exception: Extend sleeves installed in floors of mechanical equipment areas or
other wet areas 2 inches above finished floor level.
3. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-seal
system.

Install sleeves for pipes passing through interior partitions.
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1. Cut sleeves to length for mounting flush with both surfaces.
2. Install sleeves that are large enough to provide 1/4-inch annular clear space between
sleeve and pipe or pipe insulation.
3. Seal annular space between sleeve and piping or piping insulation; use joint sealants
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appropriate for size, depth, and location of joint. Comply with requirements for sealants
specified in Section 079200 "Joint Sealants."

Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors
at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with requirements
for firestopping specified in Section 078413 "Penetration Firestopping."

STACK-SLEEVE-FITTING INSTALLATION

Install stack-sleeve fittings in new slabs as slabs are constructed.

1. Install fittings that are large enough to provide 1/4-inch annular clear space between
sleeve and pipe or pipe insulation.
2. Secure flashing between clamping flanges for pipes penetrating floors with membrane

waterproofing. Comply with requirements for flashing specified in Section 076200
"Sheet Metal Flashing and Trim."

3. Install section of cast-iron soil pipe to extend sleeve to 2 inches above finished floor
level.

4. Extend cast-iron sleeve fittings below floor slab as required to secure clamping ring if
ring is specified.

5. Using grout, seal the space around outside of stack-sleeve fittings.

Fire-Barrier Penetrations: Maintain indicated fire rating of floors at pipe penetrations. Seal pipe
penetrations with firestop materials. Comply with requirements for firestopping specified in
Section 078413 "Penetration Firestopping."

SLEEVE-SEAL-SYSTEM INSTALLATION

Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service
piping entries into building.

Select type, size, and number of sealing elements required for piping material and size and for
sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration, assemble
sleeve-seal system components, and install in annular space between piping and sleeve. Tighten
bolts against pressure plates that cause sealing elements to expand and make a watertight seal.
SLEEVE-SEAL-FITTING INSTALLATION

Install sleeve-seal fittings in new walls and slabs as they are constructed.

Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls.
Position waterstop flange to be centered in concrete slab or wall.

Secure nailing flanges to concrete forms.

Using grout, seal the space around outside of sleeve-seal fittings.

SLEEVE AND SLEEVE-SEAL SCHEDULE

Use sleeves and sleeve seals for the following piping-penetration applications:

1. Exterior Concrete Walls above Grade:
a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves.
b. Piping NPS 6 and Larger: Galvanized-steel-pipe sleeves.
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2. Exterior Concrete Walls below Grade:
a. Piping Smaller Than NPS 6: Cast-iron wall sleeves with sleeve-seal system.

1) Select sleeve size to allow for 1-inch annular clear space between piping and
sleeve for installing sleeve-seal system.
b. Piping NPS 6 and Larger: Cast-iron wall sleeves with sleeve-seal system.
1) Select sleeve size to allow for 1-inch annular clear space between piping and
sleeve for installing sleeve-seal system.
3. Concrete Slabs-on-Grade:
a. Piping Smaller Than NPS 6: Cast-iron wall sleeves with sleeve-seal system.
1) Select sleeve size to allow for 1-inch annular clear space between piping and
sleeve for installing sleeve-seal system.
b. Piping NPS 6 and Larger: Cast-iron wall sleeves with sleeve-seal system.
1) Select sleeve size to allow for 1-inch annular clear space between piping and
sleeve for installing sleeve-seal system.

4. Concrete Slabs above Grade:
a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves.
b. Piping NPS 6 and Larger: Galvanized-steel-pipe sleeves.

5. Interior Partitions:
a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves.
b. Piping NPS 6 and Larger: Galvanized-steel-sheet.

END OF SECTION 230517
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SECTION 230518 - ESCUTCHEONS FOR HVAC PIPING

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Escutcheons.

2. Floor plates.
ACTION SUBMITTALS

Product Data: For each type of product indicated.

PART 2 - PRODUCTS

ESCUTCHEONS
One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew fastener.

One-Piece, Stamped-Steel Type: With chrome-plated finish and spring-clip fasteners.

FLOOR PLATES
One-Piece Floor Plates: Cast-iron flange with holes for fasteners.

Split-Casting Floor Plates: Cast brass with concealed hinge.

PART 3 - EXECUTION

INSTALLATION

Install escutcheons for exposed piping penetrations of walls, ceilings, finished floors, and
millwork, except in mechanical equipment rooms or unoccupied areas.

Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with OD
that completely covers opening.

Install floor plates for piping penetrations of equipment-room floors.

Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and with OD
that completely covers opening.

FIELD QUALITY CONTROL

Replace broken and damaged escutcheons and floor plates using new materials.

END OF SECTION 230518
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SECTION 230523 - GENERAL-DUTY VALVES FOR HVAC PIPING

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Bronze ball valves.

2. Bronze gate valves.

3. Iron gate valves.

Related Sections:

1. Section 230553 "Identification for HVAC Piping and Equipment" for valve tags and
schedules.

DEFINITIONS

CWP: Cold working pressure.

EPDM: Ethylene propylene copolymer rubber.

NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.
NRS: Nonrising stem.

OS&Y: Outside screw and yoke.

RS: Rising stem.

SWP: Steam working pressure.

ACTION SUBMITTALS

Product Data: For each type of valve indicated.

QUALITY ASSURANCE

Source Limitations for Valves: Obtain each type of valve from single source from single
manufacturer.

ASME Compliance:

I. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
2. ASME B31.1 for power piping valves.

3. ASME B31.9 for building services piping valves.

DELIVERY, STORAGE, AND HANDLING

Prepare valves for shipping as follows:

Protect internal parts against rust and corrosion.

Protect threads, flange faces, grooves, and weld ends.

Set angle, gate, and globe valves closed to prevent rattling.

Set ball and plug valves open to minimize exposure of functional surfaces.
Set butterfly valves closed or slightly open.
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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

CPL

outdoor storage is necessary, store valves off the ground in watertight enclosures.

Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use
handwheels or stems as lifting or rigging points.

PART 2 - PRODUCTS

GENERAL REQUIREMENTS FOR VALVES
Refer to HVAC valve schedule articles for applications of valves.

Valve Pressure and Temperature Ratings: Not less than indicated and as required for system
pressures and temperatures.

Valve Sizes: Same as upstream piping unless otherwise indicated.

Valve Actuator Types:

1. Gear Actuator: For quarter-turn valves NPS 8 and larger.

2 Handwheel: For valves other than quarter-turn types.

3. Handlever: For quarter-turn valves NPS 6 and smaller.

4 Wrench: For plug valves with square heads. Furnish Owner with 1 wrench for every 5

plug valves, for each size square plug-valve head.
5. Chainwheel: Device for attachment to valve handwheel, stem, or other actuator; of size
and with chain for mounting height, as indicated in the "Valve Installation" Article.

Valves in Insulated Piping: With 2-inch stem extensions and the following features:

1. Gate Valves: With rising stem.

2. Ball Valves: With extended operating handle of non-thermal-conductive material, and
protective sleeve that allows operation of valve without breaking the vapor seal or
disturbing insulation.

3. Butterfly Valves: With extended neck.

Valve-End Connections:

1. Flanged: With flanges according to ASME B16.1 for iron valves.
2. Grooved: With grooves according to AWWA C606.

3. Solder Joint: With sockets according to ASME B16.18.

4. Threaded: With threads according to ASME B1.20.1.

Valve Bypass and Drain Connections: MSS SP-45.

BRONZE BALL VALVES
Two-Piece, Full-Port, Bronze Ball Valves with Stainless-Steel Trim:
1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Conbraco Industries, Inc.; Apollo Valves.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Hammond Valve.
d. Lance Valves; a division of Advanced Thermal Systems, Inc.
e. Milwaukee Valve Company.
f. NIBCO INC.
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Watts Regulator Co.; a division of Watts Water Technologies, Inc.
escription:

Standard: MSS SP-110.

SWP Rating: 150 psig.

CWP Rating: 600 psig.

Body Design: Two piece.

Body Material: Bronze.

Ends: Threaded.

Seats: PTFE or TFE.

Stem: Stainless steel.

Ball: Stainless steel, vented.

Port: Full.

TIoER e 20 O g

2.3 IRON GATE VALVES
A. Class 125, NRS, Iron Gate Valves:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Jenkins Valves.
c. Crane Co.; Crane Valve Group; Stockham Division.
d. Flo Fab Inc.
e. Hammond Valve.
f. Kitz Corporation.
g. Legend Valve.
h. Milwaukee Valve Company.
i. NIBCO INC.
J- Powell Valves.
k. Red-White Valve Corporation.
1. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
m. Zy-Tech Global Industries, Inc.

2. Description:
a. Standard: MSS SP-70, Type L.
b. NPS 2-1/2 to NPS 12, CWP Rating: 200 psig.
c. NPS 14 to NPS 24, CWP Rating: 150 psig.
d. Body Material: ASTM A 126, gray iron with bolted bonnet.
e. Ends: Flanged.
f. Trim: Bronze.
g. Disc: Solid wedge.
h. Packing and Gasket: Asbestos free.

B. Class 125, OS&Y, Iron Gate Valves:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Jenkins Valves.
c. Crane Co.; Crane Valve Group; Stockham Division.
d. Flo Fab Inc.
e. Hammond Valve.
f. Kitz Corporation.
g. Legend Valve.
h. Milwaukee Valve Company.

CPL
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NIBCO INC.

Powell Valves.

Red-White Valve Corporation.

Watts Regulator Co.; a division of Watts Water Technologies, Inc.
Zy-Tech Global Industries, Inc.

g5 e

2. Description:

a. Standard: MSS SP-70, Type 1.

b. NPS 2-1/2 to NPS 12, CWP Rating: 200 psig.

c. NPS 14 to NPS 24, CWP Rating: 150 psig.

d. Body Material: ASTM A 126, gray iron with bolted bonnet.

e. Ends: Flanged.

f. Trim: Bronze.

g. Disc: Solid wedge.

h. Packing and Gasket: Asbestos free.

PART 3 - EXECUTION

EXAMINATION

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.

Operate valves in positions from fully open to fully closed. Examine guides and seats made
accessible by such operations.

Examine threads on valve and mating pipe for form and cleanliness.

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.

Do not attempt to repair defective valves; replace with new valves.

VALVE INSTALLATION

Install valves with unions or flanges at each piece of equipment arranged to allow service,
maintenance, and equipment removal without system shutdown.

Locate valves for easy access and provide separate support where necessary.

Install valves in horizontal piping with stem at or above center of pipe.

Install valves in position to allow full stem movement.

Install check valves for proper direction of flow and as follows:

1. Swing Check Valves: In horizontal position with hinge pin level.

ADJUSTING

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.

GENERAL REQUIREMENTS FOR VALVE APPLICATIONS

If valve applications are not indicated, use the following:
1. Shutoff Service: Ball, butterfly or gate valves.
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2 Butterfly Valve Dead-End Service: Single-flange (lug) type.
3. Throttling Service except Steam: ball valves.
4, Throttling Service, Steam: [Globe] [Globe or angle] [or butterfly] valves.
5 Pump-Discharge Check Valves: Refer to division “Hydronic Pumps.”
B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves
with higher SWP classes or CWP ratings may be substituted.
C. Select valves, except wafer types, with the following end connections:
1. For Copper Tubing, NPS 2 and Smaller: Threaded ends except where solder-joint valve-
end option is indicated in valve schedules below.
2. For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends.
3. For Steel Piping, NPS 5 and Larger: Flanged ends.
3.5 HEATING-WATER VALVE SCHEDULE
A. Pipe NPS 2 and Smaller:
1. BronzeValves: May be provided with solder-joint ends instead of threaded ends.
2. Ball Valves: Two piece, full port, bronze with stainless-steel trim.
3. Bronze Swing Check Valves: Class 150, nonmetallic disc.
4, Bronze Gate Valves: Class 150,
B. Pipe NPS 2-1/2 and Larger:

CPL

1.
2.

3.
4.

Iron Ball Valves, NPS 2-1/2 to NPS 10: Class 150.
Iron, Single-Flange Butterfly Valves, NPS 2-1/2 to NPS 12: 200 CWP, EPDM seat,
aluminum-bronze disc.

Iron Swing Check Valves: Class 125, nonmetallic-to-metal seats.
Iron Gate Valves: Class 125, OS&Y.

END OF SECTION 230523
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:
1. Metal pipe hangers and supports.
2. Metal framing systems.
3. Thermal-hanger shield inserts.
4. Equipment supports.
B. Related Sections:
1. Section 233113 "Metal Ducts" for duct hangers and supports.

1.3 DEFINITIONS
A. MSS: Manufacturers Standardization Society of The Valve and Fittings Industry Inc.

14 PERFORMANCE REQUIREMENTS

A. Delegated Design:  Design trapeze pipe hangers and equipment supports, including
comprehensive engineering analysis by a qualified professional engineer, using performance
requirements and design criteria indicated.

B. 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, and test water.

2. Design equipment supports capable of supporting combined operating weight of
supported equipment and connected systems and components.

1.5 ACTION SUBMITTALS

A. Product Data: For each type of product indicated.

B. Shop Drawings: Show fabrication and installation details and include calculations for the
following; include Product Data for components:
1. Metal framing systems.
2. Equipment supports.

1.6 INFORMATIONAL SUBMITTALS
A. Welding certificates.

1.7 QUALITY ASSURANCE

A. Structural Steel Welding Qualifications:  Qualify procedures and personnel according to
AWS D1.1/D1.1M, "Structural Welding Code - Steel."

CPL
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B.

CPL

Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and
Pressure Vessel Code.

PART 2 - PRODUCTS

METAL PIPE HANGERS AND SUPPORTS
Carbon-Steel Pipe Hangers and Supports:

L. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.

2. Galvanized Metallic Coatings: Pregalvanized or hot dipped.

3. Nonmetallic Coatings: Plastic coating, jacket, or liner.

4 Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to
support bearing surface of piping.

5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

Copper Pipe Hangers:

1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated
components.

2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated steel.

METAL FRAMING SYSTEMS

MFMA Manufacturer Metal Framing Systems:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Allied Tube & Conduit.
b. Cooper B-Line, Inc.
c. Flex-Strut Inc.
d. GS Metals Corp.
e. Thomas & Betts Corporation.
f. Unistrut Corporation; Tyco International, Ltd.
g. Wesanco, Inc.

2. Description: Shop- or field-fabricated pipe-support assembly for supporting multiple
parallel pipes.

3. Standard: MFMA-4.

4. Channels: Continuous slotted steel channel with inturned lips.

5. Channel Nuts: Formed or stamped steel nuts or other devices designed to fit into channel
slot and, when tightened, prevent slipping along channel.

6. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

7. Metallic Coating: Galvanized.

8. Paint Coating: Epoxy.

Non-MFMA Manufacturer Metal Framing Systems:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the

following:

Anvil International; a subsidiary of Mueller Water Products Inc.
Empire Industries, Inc.

ERICO International Corporation.

Haydon Corporation; H-Strut Division.

NIBCO INC.

PHD Manufacturing, Inc.

PHS Industries, Inc.

e s o
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2. Description: Shop- or field-fabricated pipe-support assembly made of steel channels,
accessories, fittings, and other components for supporting multiple parallel pipes.

3 Standard: Comply with MFMA-4.

4, Channels: Continuous slotted steel channel with inturned lips.

5. Channel Nuts: Formed or stamped steel nuts or other devices designed to fit into channel
slot and, when tightened, prevent slipping along channel.

6. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

7. Coating: Paint.

CPL

THERMAL-HANGER SHIELD INSERTS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Carpenter & Paterson, Inc.

Clement Support Services.

ERICO International Corporation.

National Pipe Hanger Corporation.

PHS Industries, Inc.

Pipe Shields, Inc.; a subsidiary of Piping Technology & Products, Inc.
Piping Technology & Products, Inc.

Rilco Manufacturing Co., Inc.

Value Engineered Products, Inc.

WXk W=

Insulation-Insert Material for Cold Piping:

1. ASTM C 552, Type II cellular glass with 100-psigminimum compressive strength and
vapor barrier.
2. ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive

strength and vapor barrier.

Insulation-Insert Material for Hot Piping:

1. Water-repellent treated, ASTM C 533, Type I calcium silicate with 100-psigminimum
compressive strength.

2. ASTM C 552, Type II cellular glass with 100-psigminimum compressive strength.

3. ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive
strength.

For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe.

For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.

Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air
temperature.

EQUIPMENT SUPPORTS

Description: Welded, shop- or field-fabricated equipment support made from structural carbon-
steel shapes.

MISCELLANEOUS MATERIALS

Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and
galvanized.

Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and
nonmetallic grout; suitable for interior and exterior applications.
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1. Properties: Nonstaining, noncorrosive, and nongaseous.
2. Design Mix: 5000-psi, 28-day compressive strength.

CPL

PART 3 - EXECUTION

HANGER AND SUPPORT INSTALLATION

Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install hangers,
supports, clamps, and attachments as required to properly support piping from the building
structure.

Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and support
together on field-assembled metal framing systems.

Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.

Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts,
washers, and other accessories.

Equipment Support Installation: Fabricate from welded-structural-steel shapes.

Install hangers and supports to allow controlled thermal of piping systems, to permit freedom of
movement between pipe anchors, and to facilitate action of expansion joints, expansion loops,
expansion bends, and similar units.

Install lateral bracing with pipe hangers and supports to prevent swaying.

Install building attachments within concrete slabs or attach to structural steel. Install additional
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger
and at changes in direction of piping. Install concrete inserts before concrete is placed; fasten
inserts to forms and install reinforcing bars through openings at top of inserts.

Load Distribution: Install hangers and supports so that piping live and dead loads and stresses
from movement will not be transmitted to connected equipment.

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.

Insulated Piping:
1. Attach clamps and spacers to piping.
a. Piping Operating above Ambient Air Temperature: Clamp may project through
insulation.
b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield
insert with clamp sized to match OD of insert.
C. Do not exceed pipe stress limits allowed by ASME B31.9 for building services
piping.
2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is
indicated. Fill interior voids with insulation that matches adjoining insulation.
a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.
3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. Shields
shall span an arc of 180 degrees.
a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.
4. Shield Dimensions for Pipe: Not less than the following:
a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
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b. NPS 4: 12 inches long and 0.06 inch thick.
c. NPS 5 and NPS 6: 18 inches long and 0.06 inch thick.
d. NPS 8 to NPS 14: 24 inches long and 0.075 inch thick.

5. Pipes NPS 8 and Larger: Include wood or reinforced calcium-silicate-insulation inserts
of length at least as long as protective shield.

6. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.

EQUIPMENT SUPPORTS

CPL

Fabricate structural-steel stands to suspend equipment from structure overhead or to support
equipment above floor.

Grouting: Place grout under supports for equipment and make bearing surface smooth.

Provide lateral bracing, to prevent swaying, for equipment supports.

METAL FABRICATIONS
Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers equipment supports.

Fit exposed connections together to form hairline joints. Field weld connections that cannot be
shop welded because of shipping size limitations.

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.

ADJUSTING

Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve
indicated slope of pipe.

Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

PAINTING

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.

Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-
repair paint to comply with ASTM A 780.
HANGER AND SUPPORT SCHEDULE

Specific hanger and support requirements are in Sections specifying piping systems and
equipment.

Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in
piping system Sections.
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C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will
not have field-applied finish.

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in
direct contact with copper tubing.

E. Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers, and metal framing
systems and attachments for general service applications.

F. Use copper-plated pipe hangers and copper attachments for copper piping and tubing.

G. Use padded hangers for piping that is subject to scratching.

H. Use thermal-hanger shield inserts for insulated piping and tubing.

L Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in

CPL

piping system Sections, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or
insulated, stationary pipes NPS 1/2 to NPS 30.

2. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension of
pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of insulation.

3. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2 to
NPS 24 if little or no insulation is required.

4. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4, to allow off-
center closure for hanger installation before pipe erection.

5. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of
noninsulated, stationary pipes NPS 3/4 to NPS 8.

6. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated,
stationary pipes NPS 1/2 to NPS 8.

7. Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated, stationary
pipes NPS 1/2 to NPS 8.

8. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For suspension of
noninsulated, stationary pipes NPS 3/8 to NPS 8.

9. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension of

noninsulated, stationary pipes NPS 3/8 to NPS 3.

10. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30.

11. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or
contraction.

12. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36, with steel-
pipe base stanchion support and cast-iron floor flange or carbon-steel plate.

13. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36, with
steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and
with U-bolt to retain pipe.

14. Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for pipes
NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base stanchion
support and cast-iron floor flange.

15. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30, from two
rods if longitudinal movement caused by expansion and contraction might occur.

16. Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2 to
NPS 24, from single rod if horizontal movement caused by expansion and contraction
might occur.

17. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS2 to NPS 42 if
longitudinal movement caused by expansion and contraction might occur but vertical
adjustment is not necessary.
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18. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24 if small
horizontal movement caused by expansion and contraction might occur and vertical
adjustment is not necessary.

19. Adjustable Pipe Roll and Base Units (MSS Type 46): For support of pipes NPS 2 to
NPS 30 if vertical and lateral adjustment during installation might be required in addition
to expansion and contraction.

Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to
NPS 24.
2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4

to NPS 24 if longer ends are required for riser clamps.

Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy loads.

2 Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.

3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings.

4 Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various types of

building attachments.
5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping installations.

Building Attachments: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend
pipe hangers from concrete ceiling.

2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-joist
construction, to attach to top flange of structural shape.

3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of beams,
channels, or angles.

4. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of beams.

5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if loads
are considerable and rod sizes are large.

6. C-Clamps (MSS Type 23): For structural shapes.

7. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required tangent to
flange edge.

8. Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams.

9. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of steel I-

beams for heavy loads.

10. Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of steel I-
beams for heavy loads, with link extensions.

11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to
structural steel.

12. Welded-Steel Brackets: For support of pipes from below or for suspending from above
by using clip and rod. Use one of the following for indicated loads:

a. Light (MSS Type 31): 750 Ib.
b. Medium (MSS Type 32): 1500 Ib.
c. Heavy (MSS Type 33): 3000 Ib.

13. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
14. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is required.



ELLENVILLE CSD 2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 230529 - 8

CPL

15. Horizontal Travelers (MSS Type 58): For supporting piping systems subject to linear
horizontal movement where headroom is limited.

Saddles and Shields: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with
insulation that matches adjoining insulation.

2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer
to prevent crushing insulation.

3. Thermal-Hanger Shield Inserts: For supporting insulated pipe.

Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping
system Sections, install the following types:

1. Restraint-Control Devices (MSS Type 47): Where indicated to control piping movement.

2. Spring Cushions (MSS Type 48): For light loads if vertical movement does not exceed
1-1/4 inches.

3. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41, roll hanger with
springs.

4. Spring Sway Braces (MSS Type 50): To retard sway, shock, vibration, or thermal
expansion in piping systems.

5. Variable-Spring Hangers (MSS Type 51): Preset to indicated load and limit variability
factor to 25 percent to allow expansion and contraction of piping system from hanger.

6. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load and limit

variability factor to 25 percent to allow expansion and contraction of piping system from
base support.

7. Variable-Spring Trapeze Hangers (MSS Type 53): Preset to indicated load and limit
variability factor to 25 percent to allow expansion and contraction of piping system from
trapeze support.

8. Constant Supports: For critical piping stress and if necessary to avoid transfer of stress
from one support to another support, critical terminal, or connected equipment. Include
auxiliary stops for erection, hydrostatic test, and load-adjustment capability. These
supports include the following types:

a. Horizontal (MSS Type 54): Mounted horizontally.
b. Vertical (MSS Type 55): Mounted vertically.
c. Trapeze (MSS Type 56): Two vertical-type supports and one trapeze member.

Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not
specified in piping system Sections.

Comply with MFMA-103 for metal framing system selections and applications that are not
specified in piping system Sections.

Use powder-actuated fasteners or mechanical-expansion anchors instead of building attachments
where required in concrete construction.

END OF SECTION 230529
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SECTION 230550 - WIND RESTRAINT FOR HVAC SYSTEMS

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary General
Conditions and other Division 1 Specification Sections, apply to this Section.

SECTION INCLUDES

Support and brace mechanical and electrical systems, as called for, to resist directional wind forces
(lateral, longitudinal and vertical).

APPLICABLE CODES AND STANDARDS

Provide work in compliance with the following codes and standards:

2018 International Building Code (Section 1609).

2018 International Mechanical Code (Section 301, Item 301.15).

American Society of Civil Engineers (ASCE) Minimum Design Loads for Buildings and Other
Structures with Supplement No. 1 - Standard ASCE/SEI 7-16.

QUALITY ASSURANCE

General:

1. The contractor shall provide professional engineer stamped and signed calculations, and
details of wind restraint systems to meet total design lateral force requirements for support
and restraint of mechanical and electrical systems.

2. Systems requiring wind restraint including, but not limited to:
a. Exhaust fans.
b. Hooded intake or relief ventilators.
c. Ductwork.
d. Rooftop air handling equipment.
e. Condensing units.
f. Miscellaneous HVAC equipment.
g. Roof curbs and pipe/duct/equipment supports associated with any of the equipment

listed above.

SUBMITTALS

Submit wind force level (Fp) calculations from applicable building code. Submit pre- approved
restraint selections, installation details, and plans indicating locations of restraints.

Calculations, plans, restraint selection, and installation details shall be stamped and signed by a
professionally licensed engineer experienced in wind restraint design.

Submit manufacturer's product data.

For each piece of equipment that requires wind restraint as outlined in this section, include the
following:

1. Dimensioned Outline Drawings of Equipment Unit: Identify the center of gravity and locate
and describe mounting and anchoring provisions.
2. Anchorage: Provide detailed description of equipment anchorage devices on which the

calculations are based and their installation requirements. Identify anchor bolts, studs and
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other mounting devices. Provide information on the size, type and spacing of mounting
brackets, holes and other provisions.

PART 2 - PRODUCTS
2.1 CODE INFORMATION
A. This project is subject to the wind bracing requirements of the 2018 International Building Code

CPL

(Section 1609) and American Society of Civil Engineers ASCE/SEI 7-16. The following criteria are
applicable to this project:

1

2.
3.
4,

Nominal Design Wind Speed (V) (Per ASCE 7-16): 120 mph.

Risk Category (Per ASCE 7-16): 1II

Exposure Category (Per ASCE 7-16): C

Height and Exposure Adjustment Coefficient (Per ASCE 7-16): 1.21

WIND BRACING AND SUPPORT OF SYSTEMS AND COMPONENTS

General:

1.

2.
3.

Design analysis shall include calculated dead loads, wind loads, and capacity of materials
utilized for the connection of the equipment or system to the structure.

Analysis shall detail anchoring methods, bolt diameter, and embedment depth.

All wind restraint devices shall be designed to accept without failure the forces calculated per
the applicable building code and as summarized in Section 2.1.

Friction from gravity loads shall not be considered resistance to wind forces.

PART 3 - EXECUTION

INSTALLATION

Wind Restraint of Ductwork and Equipment:

L.

2.

3.
4.

10.

11.

All restraint systems shall be installed in strict accordance with the manufacturer's restraint
guidelines and all certified submittal data.

The interaction between mechanical and electrical equipment and the supporting structures
shall be designed into the restraint systems.

Friction clips shall not be used for anchorage attachments.

Expansion anchors shall not be used for non-vibration isolated equipment rated over 10 HP.
Components mounted on vibration isolation systems shall have a bumper restraint or snubber
in each horizontal direction and vertical restraints shall be provided to resist overturning.
Installation of restraints shall not cause any change in position of equipment or ductwork,
resulting in stresses or misalignment.

Exhaust fans with hinge kits shall have wind restraint fasteners installed on the hinged side,
same as the three (3) non-hinged sides.

No rigid connections between equipment and the building structure shall be made that
degrade the noise and vibration-isolation system specified.

Do not install any equipment or duct that makes rigid connections with the building unless
isolation is not specified.

Prior to installation, bring to the Architect's/Engineer's attention any discrepancies between
the specifications and the field conditions, or changes required due to specific equipment
selection.

Bracing may occur from flanges of structural beams, upper truss cords of bar joists, cast in
place inserts, or wedge-type concrete anchors. Consult Structural Engineer of record.
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12. Overstressing of the building structure shall not occur from overhead support of equipment.
Bracing attached to structural members may present additional stresses. The Contractor shall
submit loads to the Structural Engineer of record for approval in this event.

13. Brace support rods when necessary to accept compressive loads. Welding of compressive
braces to the vertical support rods is notacceptable.

14. Provide reinforced clevis bolts where required.

15. Do not brace a system to two independent structures such as a roof and wall.

CPL

END OF SECTION
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Equipment labels.
2. Pipe labels.

3. Duct labels.

4. Valve tags.

5. Warning tags.
ACTION SUBMITTALS

Product Data: For each type of product indicated.

Equipment Label Schedule: Include a listing of all equipment to be labeled with the proposed
content for each label.

Valve numbering scheme.

Valve Schedules: For each piping system to include in maintenance manuals.

COORDINATION

Coordinate installation of identifying devices with completion of covering and painting of
surfaces where devices are to be applied.

Coordinate installation of identifying devices with locations of access panels and doors.

Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

EQUIPMENT LABELS

Metal Labels for Equipment:

1. Material and Thickness:  Aluminum, 0.032-inch minimum thickness, and having
predrilled or stamped holes for attachment hardware.

2. Minimum Label Size: Length and width vary for required label content, but not less than
2-1/2 by 3/4 inch.

3. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24

inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering
for greater viewing distances. Include secondary lettering two-thirds to three-fourths the
size of principal lettering.

4. Fasteners: Stainless-steel rivets or self-tapping screws.

5. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

Plastic Labels for Equipment:
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1. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,

1/8 inch thick, and having predrilled holes for attachment hardware.

Letter Color: White.

Background Color: Black.

Maximum Temperature: Able to withstand temperatures up to 160 deg F.

Minimum Label Size: Length and width vary for required label content, but not less than

2-1/2 by 3/4 inch.

6. 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.

7. Fasteners: Stainless-steel rivets or self-tapping screws.

8. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

nhkwb

Label Content: Include equipment's Drawing designation or unique equipment number, Drawing
numbers where equipment is indicated (plans, details, and schedules), plus the Specification
Section number and title where equipment is specified.

Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch bond
paper. Tabulate equipment identification number and identify Drawing numbers where
equipment is indicated (plans, details, and schedules), plus the Specification Section number and
title where equipment is specified. Equipment schedule shall be included in operation and
maintenance data.

PIPE LABELS

General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering
indicating service, and showing flow direction.

Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full circumference of pipe
and to attach to pipe without fasteners or adhesive.

Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.

Pipe Label Contents: Include identification of piping service using same designations or
abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.

1. Flow-Direction Arrows: Integral with piping system service lettering to accommodate
both directions, or as separate unit on each pipe label to indicate flow direction.

2. Lettering Size: At least 1-1/2 incheshigh.

DUCT LABELS

General Requirements for Manufactured Duct Labels: Preprinted, color-coded, with lettering
indicating service, and showing flow direction.

Self-Adhesive Duct Labels: Printed plastic with contact-type, permanent-adhesive backing.

Duct Label Contents: Include identification of duct service using same designations or
abbreviations as used on Drawings, duct size, and an arrow indicating flow direction.

1. Flow-Direction Arrows: Integral with duct system service lettering to accommodate both
directions, or as separate unit on each duct label to indicate flow direction.
2. Lettering Size: At least 1-1/2 incheshigh.
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2.4 VALVE TAGS
A. Valve Tags: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-
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inch numbers.

L. Tag Material: Brass, 0.032-inch minimum thickness, and having predrilled or stamped
holes for attachment hardware.
2. Fasteners: Brass wire-link or beaded chain; or S-hook.

Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate valve
number, piping system, system abbreviation (as shown on valve tag), location of valve (room or
space), normal-operating position (open, closed, or modulating), and variations for identification.
Mark valves for emergency shutoff and similar special uses.

1. Valve-tag schedule shall be included in operation and maintenance data.

WARNING TAGS

Warning Tags: Preprinted or partially preprinted, accident-prevention tags, of plasticized card
stock with matte finish suitable for writing.

1. Size: Approximately 4 by 7 inches.

2. Fasteners: Brass grommet and wire.

3. Nomenclature: Large-size primary caption such as "DANGER," "CAUTION," or "DO
NOT OPERATE."

4. Color: Yellow background with black lettering.

PART 3 - EXECUTION

PREPARATION

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.

EQUIPMENT LABEL INSTALLATION

Install or permanently fasten labels on each major item of mechanical equipment.

Locate equipment labels where accessible and visible.

PIPE LABEL INSTALLATION

Stenciled Pipe Label Option: Stenciled labels may be provided instead of manufactured pipe
labels, at Installer's option. Install stenciled pipe labels with painted, color-coded bands or
rectangles, complying with ASME A13.1, on each piping system.

1. Identification Paint: Use for contrasting background.
2. Stencil Paint: Use for pipe marking.

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 50 feet along each run. Reduce intervals to 25 feet in
areas of congested piping and equipment.

7. On piping above removable acoustical ceilings. Omit intermediately spaced labels.

C. Pipe Label Color Schedule:

1. Heating Water Piping:
a. Background Color: Yellow.
b. Letter Color: Black.

2. Refrigerant Piping:
a. Background Color: Yellow.
b. Letter Color: Black.

34 DUCT LABEL INSTALLATION

A. Install self-adhesive duct labels with permanent adhesive on air ducts in the following color
codes:

1. Blue: For cold-air supply ducts.

2. Yellow: For hot-air supply ducts.

3. Green: For exhaust-, outside-, relief-, return-, and mixed-air ducts.
4. ASME A13.1 Colors and Designs: For hazardous material exhaust.

B. Stenciled Duct Label Option: Stenciled labels, showing service and flow direction, may be
provided instead of plastic-laminated duct labels, at Installer's option, if lettering larger than 1
inch high is needed for proper identification because of distance from normal location of required
identification.

C. Locate labels near points where ducts enter into concealed spaces and at maximum intervals of 50
feet in each space where ducts are exposed or concealed by removable ceiling system.

3.5 VALVE-TAG INSTALLATION

A. Install tags on valves and control devices in piping systems, except check valves; valves within
factory-fabricated equipment units; shutoff valves; faucets; convenience and lawn-watering hose
connections; and HVAC terminal devices and similar roughing-in connections of end-use fixtures
and units. List tagged valves in a valve schedule.

B. Valve-Tag Application Schedule: Tag valves according to size, shape, and color scheme and
with captions similar to those indicated in the following subparagraphs:

1. Valve-Tag Size and Shape:
a. All services: 1-1/2 inches round.
3.6 WARNING-TAG INSTALLATION
A. Write required message on, and attach warning tags to, equipment and other items where

CPL

required.

END OF SECTION 230553
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY
Section Includes:
1. Balancing Air Systems:
a. Constant-volume air systems.
2. Balancing Hydronic Piping Systems:
a. Constant-flow hydronic systems.
DEFINITIONS

AABC: Associated Air Balance Council.
NEBB: National Environmental Balancing Bureau.

TAB: Testing, adjusting, and balancing.

INFORMATIONAL SUBMITTALS

Qualification Data: Within 45 days of Contractor's Notice to Proceed, submit documentation that
the TAB contractor and this Project's TAB team members meet the qualifications specified in
"Quality Assurance" Article.

Contract Documents Examination Report: Within 30 days of Contractor's Notice to Proceed,
submit the Contract Documents review report as specified in Part 3.

Certified TAB reports.
Sample report forms.

Instrument calibration reports, to include the following:

1. Instrument type and make.

2. Serial number.

3. Application.

4. Dates of use.

5. Dates of calibration.

QUALITY ASSURANCE

TAB Contractor Qualifications: Engage a TAB entity certified by AABC or NEBB.

1. TAB Field Supervisor: Employee of the TAB contractor and certified by AABC or
NEBB.

2. TAB Technician: Employee of the TAB contractor and who is certified by AABC or
NEBB as a TAB technician.

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.
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2. Certify that the TAB team complied with the approved TAB plan and the procedures
specified and referenced in this Specification.

TAB Report Forms: Use standard TAB contractor's forms approved by Engineer.

Instrumentation Type, Quantity, Accuracy, and Calibration: As described in ASHRAE 111,
Section 5, "Instrumentation."

ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 7.2.2 - "Air
Balancing."

ASHRAE/IESNA  Compliance: Applicable requirements in ASHRAE/IESNA 90.1,
Section 6.7.2.3 - "System Balancing."
PROJECT CONDITIONS

Partial Owner Occupancy: Owner may occupy completed areas of building before Substantial
Completion. Cooperate with Owner during TAB operations to minimize conflicts with Owner's
operations.

COORDINATION

Perform TAB after leakage and pressure tests on air and water distribution systems have been
satisfactorily completed.

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

EXAMINATION

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.

Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer
wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify
that locations of these balancing devices are accessible.

Examine the approved submittals for HVAC systems and equipment.

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.

Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to verify
that they meet the leakage class of connected ducts as specified in Section 233113 "Metal Ducts"
and are properly separated from adjacent areas. Verify that penetrations in plenum walls are
sealed and fire-stopped if required.

Examine equipment performance data including fan and pump curves.

1. Relate performance data to Project conditions and requirements, including system effects
that can create undesired or unpredicted conditions that cause reduced capacities in all or
part of a system.

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when

installed under conditions different from the conditions used to rate equipment
performance. To calculate system effects for air systems, use tables and charts found in
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AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design."
Compare results with the design data and installed conditions.

Examine system and equipment installations and verify that field quality-control testing, cleaning,
and adjusting specified in individual Sections have been performed.

Examine test reports specified in individual system and equipment Sections.

Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned and
tight, and equipment with functioning controls is ready for operation.

Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible,
and their controls are connected and functioning.

Examine strainers. Verify that startup screens are replaced by permanent screens with indicated
perforations.

Examine three-way valves for proper installation for their intended function of diverting or
mixing fluid flows.

Examine heat-transfer coils for correct piping connections and for clean and straight fins.
Examine system pumps to ensure absence of entrained air in the suction piping.
Examine operating safety interlocks and controls on HVAC equipment.

Report deficiencies discovered before and during performance of TAB procedures. Observe and
record system reactions to changes in conditions. Record default set points if different from
indicated values.

PREPARATION

Complete system-readiness checks and prepare reports. Verify the following:

1. Permanent electrical-power wiring is complete.

Hydronic systems are filled, clean, and free of air.

Automatic temperature-control systems are operational.

Equipment and duct access doors are securely closed.

Balance, smoke, and fire dampers are open.

Isolating and balancing valves are open and control valves are operational.

Ceilings are installed in critical areas where air-pattern adjustments are required and

access to balancing devices is provided.

8. Windows and doors can be closed so indicated conditions for system operations can be
met.

Nownkwbd

GENERAL PROCEDURES FOR TESTING AND BALANCING

Perform testing and balancing procedures on each system according to the procedures contained
in AABC's "National Standards for Total System Balance", ASHRAE 111, or NEBB's
"Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and in
this Section.

1. Comply with requirements in ASHRAE 62.1, Section 7.2.2 - "Air Balancing."

Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum
extent necessary for TAB procedures.

1. After testing and balancing, patch probe holes in ducts with same material and thickness
as used to construct ducts.
2. After testing and balancing, install test ports and duct access doors that comply with

requirements in Section 233300 "Air Duct Accessories."
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3. Install and join new insulation that matches removed materials. Restore insulation,
coverings, vapor barrier, and finish according to Section 230713 "Duct Insulation,"
Section 230716 "HVAC Equipment Insulation," and Section 230719 "HVAC Piping
Insulation."

Mark equipment and balancing devices, including damper-control positions, valve position
indicators, fan-speed-control levers, and similar controls and devices, with paint or other suitable,
permanent identification material to show final settings.

Take and report testing and balancing measurements in inch-pound (IP) units.

GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and
recommended testing procedures. Crosscheck the summation of required outlet volumes with
required fan volumes.

Prepare schematic diagrams of systems' "as-built" duct layouts.
For variable-air-volume systems, develop a plan to simulate diversity.
Determine the best locations in main and branch ducts for accurate duct-airflow measurements.

Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air
dampers through the supply-fan discharge and mixing dampers.

Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
Verify that motor starters are equipped with properly sized thermal protection.
Check dampers for proper position to achieve desired airflow path.

Check for airflow blockages.

Check condensate drains for proper connections and functioning.

Check for proper sealing of air-handling-unit components.

Verify that air duct system is sealed as specified in Section 233113 "Metal Ducts."

PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS

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.
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3. Measure static pressure across each component that makes up an air-handling unit,
rooftop unit, and other air-handling and -treating equipment.
a. Report the cleanliness status of filters and the time static pressures are measured.
4. Measure static pressures entering and leaving other devices, such as sound traps, heat-
recovery equipment, and air washers, under final balanced conditions.
5. Review Record Documents to determine variations in design static pressures versus

actual static pressures. Calculate actual system-effect factors. Recommend adjustments
to accommodate actual conditions.

6. Obtain approval from Engineer for adjustment of fan speed higher or lower than
indicated speed. Comply with requirements in HVAC 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.

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.

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.

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.

GENERAL PROCEDURES FOR HYDRONIC SYSTEMS

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.

Prepare schematic diagrams of systems' "as-built" piping layouts.

Prepare hydronic systems for testing and balancing according to the following, in addition to the
general preparation procedures specified above:

1. Open all manual valves for maximum flow.

2. Check liquid level in expansion tank.

3. Check makeup water-station pressure gage for adequate pressure for highest vent.



ELLENVILLE CSD 2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1

14426.04 TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 -6
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.

PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS

Measure water flow at pumps. Use the following procedures except for positive-displacement

pumps:

1. Verify impeller size by operating the pump with the discharge valve closed. Read
pressure differential across the pump. Convert pressure to head and correct for
differences in gage heights. Note the point on manufacturer's pump curve at zero flow
and verify that the pump has the intended impeller size.

a. If impeller sizes must be adjusted to achieve pump performance, obtain approval
from Engineer and comply with requirements in Section 232123 "Hydronic
Pumps."
2. Check system resistance. With all valves open, read pressure differential across the

pump and mark pump manufacturer's head-capacity curve. Adjust pump discharge valve
until indicated water flow is achieved.

a. Monitor motor performance during procedures and do not operate motors in
overload conditions.
3. Verify pump-motor brake horsepower. Calculate the intended brake horsepower for the

system based on pump manufacturer's performance data. Compare calculated brake
horsepower with nameplate data on the pump motor. Report conditions where actual
amperage exceeds motor nameplate amperage.

4. Report flow rates that are not within plus or minus 10 percent of design.

Measure flow at all automatic flow control valves to verify that valves are functioning as
designed.

Measure flow at all pressure-independent characterized control valves, with valves in fully open
position, to verify that valves are functioning as designed.

Set calibrated balancing valves, if installed, at calculated presettings.

Measure flow at all stations and adjust, where necessary, to obtain first balance.
1. System components that have Cv rating or an accurately cataloged flow-pressure-drop
relationship may be used as a flow-indicating device.

Measure flow at main balancing station and set main balancing device to achieve flow that is 5
percent greater than indicated flow.

Adjust balancing stations to within specified tolerances of indicated flow rate as follows:

1. Determine the balancing station with the highest percentage over indicated flow.

2. Adjust each station in turn, beginning with the station with the highest percentage over
indicated flow and proceeding to the station with the lowest percentage over indicated
flow.

3. Record settings and mark balancing devices.

Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump
heads, and systems' pressures and temperatures including outdoor-air temperature.
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L Measure the differential-pressure-control-valve settings existing at the conclusion of balancing.
J. Check settings and operation of each safety valve. Record settings.
3.8 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 manual bypass of the controller to prove proper operation.
Record observations including name of controller manufacturer, model number, serial number,
and nameplate data.
3.9 PROCEDURES FOR CONDENSING UNITS
A. Verify proper rotation of fans.
B. Measure entering- and leaving-air temperatures.
C. Record compressor data.
3.10 PROCEDURES FOR HEAT-TRANSFER COILS
A. Measure, adjust, and record the following data for each water coil:
1. Entering- and leaving-water temperature.
2. Water flow rate.
3. Water pressure drop.
4. Dry-bulb temperature of entering and leaving air.
5. Wet-bulb temperature of entering and leaving air for cooling coils.
6. Airflow.
7. Air pressure drop.
B. Measure, adjust, and record the following data for each electric heating coil:
1. Nameplate data.
2. Airflow.
3. Entering- and leaving-air temperature at full load.
4. Voltage and amperage input of each phase at full load and at each incremental stage.
5. Calculated kilowatt at full load.
6. Fuse or circuit-breaker rating for overload protection.
C. Measure, adjust, and record the following data for each steam coil:
1. Dry-bulb temperature of entering and leaving air.
2. Airflow.
3. Air pressure drop.
4. Inlet steam pressure.
D. Measure, adjust, and record the following data for each refrigerant coil:

1. Dry-bulb temperature of entering and leaving air.
2. Wet-bulb temperature of entering and leaving air.
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3. Airflow.
4, Air pressure drop.
5. Refrigerant suction pressure and temperature.

3.11 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING

SYSTEMS
A. Perform a preconstruction inspection of existing equipment that is to remain and be reused.
1. Measure and record the operating speed, airflow, and static pressure of each fan.
2. Measure motor voltage and amperage. Compare the values to motor nameplate
information.
3. Check the refrigerant charge.
4. Check the condition of filters.
5. Check the condition of coils.
6. Check the operation of the drain pan and condensate-drain trap.
7. Check bearings and other lubricated parts for proper lubrication.
8. Report on the operating condition of the equipment and the results of the measurements
taken. Report deficiencies.
B. Before performing testing and balancing of existing systems, inspect existing equipment that is to

remain and be reused to verify that existing equipment has been cleaned and refurbished. Verify
the following:

1. New filters are installed.

2. Coils are clean and fins combed.

3. Drain pans are clean.

4. Fans are clean.

5. Bearings and other parts are properly lubricated.

6. Deficiencies noted in the preconstruction report are corrected.

C. Perform testing and balancing of existing systems to the extent that existing systems are affected
by the renovation work.

I. Compare the indicated airflow of the renovated work to the measured fan airflows, and
determine the new fan speed and the face velocity of filters and coils.

2. Verify that the indicated airflows of the renovated work result in filter and coil face
velocities and fan speeds that are within the acceptable limits defined by equipment
manufacturer.

3. If calculations increase or decrease the air flow rates and water flow rates by more than 5
percent, make equipment adjustments to achieve the calculated rates. If increase or
decrease is 5 percent or less, equipment adjustments are not required.

4. Balance each air outlet.

3.12 TOLERANCES

A. Set HVAC system's air flow rates and water flow rates within the following tolerances:
1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus or minus 10 percent.
2. Air Outlets and Inlets: Plus or minus 10 percent.
3. Heating-Water Flow Rate: Plus or minus 10 percent.
4. Cooling-Water Flow Rate: Plus or minus 10 percent.

3.13 REPORTING

A. Initial Construction-Phase Report: Based on examination of the Contract Documents as specified
in "Examination" Article, prepare a report on the adequacy of design for systems' balancing
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3.14

devices. 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.

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.

FINAL REPORT

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.

Final Report Contents: In addition to certified field-report data, include the following:

I. 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.

General Report Data: In addition to form titles and entries, include the following data:

Title page.

Name and address of the TAB contractor.

Project name.

Project location.

Architect's name and address.

Engineer's name and address.

Contractor's name and address.

Report date.

Signature of TAB supervisor who certifies the report.

0. Table of Contents with the total number of pages defined for each section of the report.
Number each page in the report.

e i A o

11. Summary of contents including the following:
a. Indicated versus final performance.
b. Notable characteristics of systems.
c. Description of system operation sequence if it varies from the Contract
Documents.
12. Nomenclature sheets for each item of equipment.
13. Data for terminal units, including manufacturer's name, type, size, and fittings.
14. Notes to explain why certain final data in the body of reports vary from indicated values.
15. Test conditions for fans and pump performance forms including the following:
a. Settings for outdoor-, return-, and exhaust-air dampers.
b. Conditions of filters.
c. Cooling coil, wet- and dry-bulb conditions.
d. Face and bypass damper settings at coils.
e. Fan drive settings including settings and percentage of maximum pitch diameter.
f. Inlet vane settings for variable-air-volume systems.
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g. Settings for supply-air, static-pressure controller.
h. Other system operating conditions that affect performance.

F.

System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present
each system with single-line diagram and include the following:

1. Quantities of outdoor, supply, return, and exhaust airflows.
2. Water and steam flow rates.
3. Duct, outlet, and inlet sizes.
4. Pipe and valve sizes and locations.
5. Terminal units.
6. Balancing stations.
7. Position of balancing devices.
Air-Handling-Unit Test Reports: For air-handling units with coils, include the following:
1. Unit Data:
a. Unit identification.
b. Location.
c. Make and type.
d. Model number and unit size.
e. Manufacturer's serial number.
f. Unit arrangement and class.
g. Discharge arrangement.
h. Sheave make, size in inches, and bore.
1. Center-to-center dimensions of sheave, and amount of adjustments in inches.
J- Number, make, and size of belts.
k. Number, type, and size of filters.

2. Motor Data:

Motor make, and frame type and size.

Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

Sheave make, size in inches, and bore.
Center-to-center dimensions of sheave, and amount of adjustments in inches.
est Data (Indicated and Actual Values):

Total air flow rate in cfm.

Total system static pressure in inches wg.

Fan rpm.

Discharge static pressure in inches wg.

Filter static-pressure differential in inches wg.
Preheat-coil static-pressure differential in inches wg.
Cooling-coil static-pressure differential in inches wg.
Heating-coil static-pressure differential in inches wg.
Outdoor airflow in cfm.

Return airflow in cfm.

Outdoor-air damper position.

Return-air damper position.

Vortex damper position.

FRTER MO AL OB M0 a0 OB
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Apparatus-Coil Test Reports:

1. Coil Data:
a. System identification.
b. Location.
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Coil type.

Number of rows.

Fin spacing in fins per inch o.c.

Make and model number.

Face area in sq. ft..

Tube size in NPS.

Tube and fin materials.

Circuiting arrangement.

est Data (Indicated and Actual Values):

Air flow rate in cfm.

Average face velocity in fpm.

Air pressure drop in inches wg.

Outdoor-air, wet- and dry-bulb temperatures in deg F.
Return-air, wet- and dry-bulb temperatures in deg F.
Entering-air, wet- and dry-bulb temperatures in deg F.
Leaving-air, wet- and dry-bulb temperatures in deg F.
Water flow rate in gpm.

Water pressure differential in feet of head or psig.
Entering-water temperature in deg F.

Leaving-water temperature in deg F.

Refrigerant expansion valve and refrigerant types.
Refrigerant suction pressure in psig.

Refrigerant suction temperature in deg F.

Inlet steam pressure in psig.

ST S @ e a0
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G. Fan Test Reports: For supply, return, and exhaust fans, include the following:
1. Fan Data:
a. System identification.
Location.
Make and type.
Model number and size.
Manufacturer's serial number.
Arrangement and class.
Sheave make, size in inches, and bore.
Center-to-center dimensions of sheave, and amount of adjustments in inches.
2. Motor Data:
Motor make, and frame type and size.
Horsepower and rpm.
Volts, phase, and hertz.
Full-load amperage and service factor.
Sheave make, size in inches, and bore.
Center-to-center dimensions of sheave, and amount of adjustments in inches.
Number, make, and size of belts.
est Data (Indicated and Actual Values):
Total airflow rate in cfm.
Total system static pressure in inches wg.
Fan rpm.
Discharge static pressure in inches wg.
Suction static pressure in inches wg.

F@ o ao o
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H. Round, Flat-Oval, and Rectangular Duct Traverse Reports: Include a diagram with a grid
representing the duct cross-section and record the following:
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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.
1. Actual air flow rate in cfm.
J- Actual average velocity in fpm.
k. Barometric pressure in psig.
L. System-Coil Reports: For reheat coils and water coils of terminal units, include the following:
1. Unit Data:

a. System and air-handling-unit identification.
b. Location and zone.

c. Room or riser served.

d. Coil make and size.

e. Flowmeter type.

T

2. est Data (Indicated and Actual Values):
a. Air flow rate in cfm.
b. Entering-water temperature in deg F.
c. Leaving-water temperature in deg F.
d. Water pressure drop in feet of head or psig.
e. Entering-air temperature in deg F.
f. Leaving-air temperature in deg F.

J. Instrument Calibration Reports:

1. Report Data:
a. Instrument type and make.
b. Serial number.
c. Application.
d. Dates of use.
e. Dates of calibration.

3.15 INSPECTIONS

A. Initial Inspection:
1. After testing and balancing are complete, operate each system and randomly check
measurements to verify that the system is operating according to the final test and balance
readings documented in the final report.

2. Check the following for each system:
a. Measure airflow of at least 10 percent of air outlets.
b. Measure water flow of at least 5 percent of terminals.
c. Measure room temperature at each thermostat/temperature sensor. Compare the

reading to the set point.
d. Verify that balancing devices are marked with final balance position.
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3.16

e. Note deviations from the Contract Documents in the final report.

Final Inspection:

1.

After initial inspection is complete and documentation by random checks verifies that
testing and balancing are complete and accurately documented in the final report, request
that a final inspection be made by Engineer.

Engineer shall randomly select measurements, documented in the final report, to be
rechecked. Rechecking shall be limited to either 10 percent of the total measurements
recorded or the extent of measurements that can be accomplished in a normal 8-hour
business day.

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 the number of "FAILED" measurements is greater than 10 percent of the total
measurements checked during the final inspection, the testing and balancing shall be
considered incomplete and shall be rejected.

TAB Work will be considered defective if it does not pass final inspections. If TAB Work fails,
proceed as follows:

L.

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.

If the second final inspection also fails, Owner may contract the services of another TAB
contractor to complete TAB Work according to the Contract Documents and deduct the
cost of the services from the original TAB contractor's final payment.

Prepare test and inspection reports.

ADDITIONAL TESTS

Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions
are being maintained throughout and to correct unusual conditions.

Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and
winter conditions, perform additional TAB during near-peak summer and winter conditions.

END OF SECTION 230593
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SECTION 230713 - DUCT INSULATION

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes insulating the following duct services:

1. Indoor, concealed supply and outdoor air.

2. Indoor, exposed supply and outdoor air.

3. Indoor, exposed, Type I, commercial, kitchen hood exhaust.
Related Sections:

1. Section 230719 "HVAC Piping Insulation."

2. Section 233113 "Metal Ducts" for duct liners.

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include thermal conductivity, water-vapor
permeance thickness, and jackets (both factory- and field-applied if any).

Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.

1. Detail application of protective shields, saddles, and inserts at hangers for each type of
insulation and hanger.

2. Detail insulation application at elbows, fittings, dampers, specialties and flanges for each
type of insulation.

3. Detail application of field-applied jackets.

4. Detail application at linkages of control devices.

INFORMATIONAL SUBMITTALS
Qualification Data: For qualified Installer.

Material Test Reports: From a qualified testing agency acceptable to authorities having
jurisdiction indicating, interpreting, and certifying test results for compliance of insulation
materials, sealers, attachments, cements, and jackets, with requirements indicated. Include dates
of tests and test methods employed.

Field quality-control reports.

QUALITY ASSURANCE

Surface-Burning Characteristics: For insulation and related materials, as determined by testing
identical products according to ASTM E 84, by a testing agency acceptable to authorities having
jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement
material containers, with appropriate markings of applicable testing agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
index of 50 or less.
2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed

index of 150 or less.
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1.6 DELIVERY, STORAGE, AND HANDLING

A. Packaging: Insulation material containers shall be marked by manufacturer with appropriate
ASTM standard designation, type and grade, and maximum use temperature.

1.7 COORDINATION

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in
Section 230529 "Hangers and Supports for HVAC Piping and Equipment."

B. Coordinate clearance requirements with duct Installer for duct insulation application. Before
preparing ductwork Shop Drawings, establish and maintain clearance requirements for
installation of insulation and field-applied jackets and finishes and for space required for
maintenance.

C. Coordinate installation and testing of heat tracing.

1.8 SCHEDULING

A. Schedule insulation application after pressure testing systems and, where required, after installing
and testing heat tracing. Insulation application may begin on segments that have satisfactory test
results.

B. Complete installation and concealment of plastic materials as rapidly as possible in each area of
construction.

PART 2 - PRODUCTS

2.1 INSULATION MATERIALS

A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum
Insulation Schedule," and "Aboveground, Outdoor Duct and Plenum Insulation Schedule" articles
for where insulating materials shall be applied.

B. Products shall not contain asbestos, lead, mercury, or mercury compounds.

C. Products that come in contact with stainless steel shall have a leachable chloride content of less
than 50 ppm when tested according to ASTM C 871.

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according
to ASTM C 795.

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing
process.

F. Expanded Polystyrene Insulation: Closed-cell, light-weight, resilient, foamed plastic composed
of hydrogen and carbon.

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. Knauf Polystyrene.
G. Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin.

CPL

Comply with ASTM C 553, Type I and ASTM C 1290, Type III with factory-applied FSK
jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

1. Products: Subject to compliance with requirements, provide one of the following:
a. CertainTeed Corp.; SoftTouch Duct Wrap.
b. Johns Manville; Microlite.
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c. Knauf Insulation; Friendly Feel Duct Wrap.
d. Manson Insulation Inc.; Alley Wrap.
e. Owens Corning; SOFTR All-Service Duct Wrap.
2.2 FIRE-RATED INSULATION SYSTEMS
A. Fire-Rated Blanket: High-temperature, flexible, blanket insulation with FSK jacket that is tested
and certified to provide a 2-hour fire rating by an NRTL acceptable to authorities having
jurisdiction.
1. Products: Subject to compliance with requirements, provide one of the following:
a. CertainTeed Corp.; FlameChek.
b. Johns Manville; Firetemp Wrap.
c. Nelson Fire Stop Products; Nelson FSB Flameshield Blanket.
d. Thermal Ceramics; FireMaster Duct Wrap.
e. 3M; Fire Barrier Wrap Products.
f. Unifrax Corporation; FyreWrap.
2.3 ADHESIVES
A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding
insulation to itself and to surfaces to be insulated unless otherwise indicated.
B. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
1. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-127.Eagle Bridges - Marathon Industries; 225.
b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-60/85-70.Mon-Eco Industries, Inc.; 22-25.
2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
3. Adhesive shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."
C. ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for
bonding insulation jacket lap seams and joints.
1. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-82.
b. Eagle Bridges - Marathon Industries; 225.
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-50.Mon-Eco Industries, Inc.; 22-25.
2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
3. Adhesive shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."
2.4 MASTICS
A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with

CPL

MIL-PRF-19565C, Type II.
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I. For indoor applications, use mastics that have a VOC content of 50 g/LL or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Vapor-Barrier Mastic: Water based; suitable for indoor use on below ambient services.

1. Products: Subject to compliance with requirements, provide one of the following:
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-80/30-90.
b. Vimasco Corporation; 749.
2. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry

film thickness.

3. Service Temperature Range: Minus 20 to plus 180 deg F.
4. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.
5. Color: White.
Vapor-Barrier Mastic: Solvent based; suitable for indoor use on below ambient services.
1. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-30.
b. Eagle Bridges - Marathon Industries; 501.
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-35.
d. Mon-Eco Industries, Inc.; 55-10.
2. Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 35-mil dry film thickness.
3. Service Temperature Range: 0 to 180 deg F.
4. Solids Content: ASTM D 1644, 44 percent by volume and 62 percent by weight.
5. Color: White.
Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below ambient services.
1. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; Encacel.
b. Eagle Bridges - Marathon Industries; 570.
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller

Company; 60-95/60-96.

2. Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 30-mil dry film thickness.
3. Service Temperature Range: Minus 50 to plus 220 deg F.

4. Solids Content: ASTM D 1644, 33 percent by volume and 46 percent by weight.
5. Color: White.

LAGGING ADHESIVES

Description: Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with
insulation materials, jackets, and substrates.

1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

2. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller

Company; CP-50 AHV2.Foster Brand, Specialty Construction Brands, Inc., a
business of H. B. Fuller Company; 30-36.

b. Vimasco Corporation; 713 and 714.

3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over duct insulation.

4. Service Temperature Range: 0 to plus 180 deg F.
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5. Color: White.
2.6 SEALANTS
A. FSK and Metal Jacket Flashing Sealants:
1. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.Eagle Bridges - Marathon Industries; 405.
b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 95-44.
c. Mon-Eco Industries, Inc.; 44-05.
2. Materials shall be compatible with insulation materials, jackets, and substrates.
3. Fire- and water-resistant, flexible, elastomeric sealant.
4. Service Temperature Range: Minus 40 to plus 250 deg F.
5. Color: Aluminum.
6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when

CPL

calculated according to 40 CFR 59, Subpart D (EPA Method 24).

7. Sealants shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

AS]J Flashing Sealants, and Vinyl and PVC Jacket Flashing Sealants:

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller

Company; CP-76.

Materials shall be compatible with insulation materials, jackets, and substrates.

Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F.

Color: White.

For indoor applications, sealants shall have a VOC content of 420 g/L or less when

calculated according to 40 CFR 59, Subpart D (EPA Method 24).

7. Sealants shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

SAINAIE el

FACTORY-APPLIED JACKETS

Insulation system schedules indicate factory-applied jackets on various applications. When
factory-applied jackets are indicated, comply with the following:

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing;
complying with ASTM C 1136, Type L.

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a
removable protective strip; complying with ASTM C 1136, Type I.

3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C 1136, Type 1L

4. FSP Jacket: Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing;
complying with ASTM C 1136, Type 11

5. Vinyl Jacket: White vinyl with a permeance of 1.3 perms when tested according to

ASTM E 96/E 96M, Procedure A, and complying with NFPA 90A and NFPA 90B.
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FIELD-APPLIED JACKETS
Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.

Metal Jacket:
1. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; Metal Jacketing Systems.
b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing.
c. RPR Products, Inc.; Insul-Mate.
2. Aluminum Jacket: Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005,
Temper H-14.
a. Factory cut and rolled to size.
b. Finish and thickness are indicated in field-applied jacket schedules.

TAPES

ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive,
complying with ASTM C 1136.

1. Products: Subject to compliance with requirements, provide one of the following:
a. ABI, Ideal Tape Division; 428 AWF ASJ.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836.

c. Compac Corporation; 104 and 105.

d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.
Width: 3 inches.

Thickness: 11.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape.

Nownbkwh

FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive;
complying with ASTM C 1136.

1. Products: Subject to compliance with requirements, provide one of the following:
a. ABI, Ideal Tape Division; 491 AWF FSK.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.

c. Compac Corporation; 110 and 111.

d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ.

Width: 3 inches.

Thickness: 6.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

FSK Tape Disks and Squares: Precut disks or squares of FSK tape.

Nownbkwh

Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.
1. Products: Subject to compliance with requirements, provide one of the following:
a. ABI, Ideal Tape Division; 488 AWF.
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800.
c. Compac Corporation; 120.
d. Venture Tape; 3520 CW.
2. Width: 2 inches.
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3. Thickness: 3.7 mils.
4. Adhesion: 100 ounces force/inch in width.
5. Elongation: 5 percent.
6. Tensile Strength: 34 lbf/inch in width.
2.10 SECUREMENTS
A. Bands:
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. ITW Insulation Systems; Gerrard Strapping and Seals.
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.
2. Aluminum: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch
thick, 3/4 inch wide with wing or closed seal.
3. Springs: Twin spring set constructed of stainless steel with ends flat and slotted to accept
metal bands. Spring size determined by manufacturer for application.
B. Insulation Pins and Hangers:

CPL

1.

Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully annealed for
capacitor-discharge welding, 0.135-inch- diameter shank, length to suit depth of
insulation indicated.
a. Products:  Subject to compliance with requirements, provide one of the
following:
1) AGM Industries, Inc.; CWP-1.
2) GEMCO; CD.
3) Midwest Fasteners, Inc.; CD.
4) Nelson Stud Welding; TPA, TPC, and TPS.
Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully
annealed for capacitor-discharge welding, 0.135-inch- diameter shank, length to suit
depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer.
a. Products:  Subject to compliance with requirements, provide one of the
following:
1) AGM Industries, Inc.; CHP-1.
2) GEMCO; Cupped Head Weld Pin.
3) Midwest Fasteners, Inc.; Cupped Head.
4) Nelson Stud Welding; CHP.
Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- thick,
aluminum sheet, with beveled edge sized as required to hold insulation securely in place
but not less than 1-1/2 inches in diameter.
a. Products:  Subject to compliance with requirements, provide one of the
following:
1) AGM Industries, Inc.; RC-150.
2) GEMCO; R-150.
3) Midwest Fasteners, Inc.; WA-150.
4) Nelson Stud Welding; Speed Clips.
b. Protect ends with capped self-locking washers incorporating a spring steel insert
to ensure permanent retention of cap in exposed locations.
Nonmetal Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch-
thick nylon sheet, with beveled edge sized as required to hold insulation securely in place
but not less than 1-1/2 inches in diameter.
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a. Manufacturers: Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work include,
but are not limited to, the following:

1) GEMCO.
2) Midwest Fasteners, Inc.
CORNER ANGLES

Aluminum Corner Angles: 0.040 inch thick, minimum 1 by 1 inch, aluminum according to
ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14.

Stainless-Steel Corner Angles: 0.024 inch thick, minimum 1 by 1 inch, stainless steel according
to ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316.

PART 3 - EXECUTION

EXAMINATION

Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of insulation application.

1. Verify that systems to be insulated have been tested and are free of defects.

2. Verify that surfaces to be insulated are clean and dry.

Proceed with installation only after unsatisfactory conditions have been corrected.

PREPARATION

Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will
adversely affect insulation application.

GENERAL INSTALLATION REQUIREMENTS

Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces;
free of voids throughout the length of ducts and fittings.

Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for each
item of duct system as specified in insulation system schedules.

Install accessories compatible with insulation materials and suitable for the service. Install
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry
state.

Install insulation with longitudinal seams at top and bottom of horizontal runs.
Install multiple layers of insulation with longitudinal and end seams staggered.
Keep insulation materials dry during application and finishing.

Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

Install insulation with least number of joints practical.

Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,
supports, anchors, and other projections with vapor-barrier mastic.
1. Install insulation continuously through hangers and around anchor attachments.
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2. For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.

3. Install insert materials and install insulation to tightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compound recommended by insulation
material manufacturer.

Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and
dry film thicknesses.

Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.

2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation
jacket. Secure strips with adhesive and outward clinching staples along both edges of
strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Clean and dry surface to receive
self-sealing lap. Staple laps with outward clinching staples along edge at 4 inches o.c.
a. For below ambient services, apply vapor-barrier mastic over staples.

4. Cover joints and seams with tape, according to insulation material manufacturer's written
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at

ends adjacent to duct flanges and fittings.

Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal
thickness.

Finish installation with systems at operating conditions. Repair joint separations and cracking
due to thermal movement.

Repair damaged insulation facings by applying same facing material over damaged areas. Extend
patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar to butt
joints.

PENETRATIONS

Insulation Installation at Roof Penetrations: Install insulation continuously through roof

penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation above roof surface
and seal with joint sealant. For applications requiring indoor and outdoor insulation,
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of
roof flashing.
4. Seal jacket to roof flashing with flashing sealant.

Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation continuously

through wall penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation inside wall surface
and seal with joint sealant. For applications requiring indoor and outdoor insulation,
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
joint with joint sealant.
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3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at

least 2 inches.

4. Seal jacket to wall flashing with flashing sealant.

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls and partitions.

D. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Terminate insulation at fire
damper sleeves for fire-rated wall and partition penetrations. Externally insulate damper sleeves
to match adjacent insulation and overlap duct insulation at least 2 inches.

1. Comply with requirements in Section 078413 "Penetration Firestopping'irestopping and
fire-resistive joint sealers.

E. Insulation Installation at Floor Penetrations:

1. Duct: For penetrations through fire-rated assemblies, terminate insulation at fire damper
sleeves and externally insulate damper sleeve beyond floor to match adjacent duct
insulation. Overlap damper sleeve and duct insulation at least 2 inches.

2. Seal penetrations through fire-rated assemblies. =~ Comply with requirements in
Section 078413 "Penetration Firestopping."

3.5 INSTALLATION OF INSULATION

A. Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

CPL

1. Apply adhesives according to manufacturer's recommended coverage rates per unit area,
for 100 percent coverage of duct and plenum surfaces.

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as
follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along
longitudinal centerline of duct. Space 3 inches maximum from insulation end
joints, and 16 inches o.c.

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c.
each way, and 3 inches maximum from insulation joints. Install additional pins
to hold insulation tightly against surface at cross bracing.

c. Pins may be omitted from top surface of horizontal, rectangular ducts and
plenums.

d. Do not overcompress insulation during installation.

e. Impale insulation over pins and attach speed washers.

f. Cut excess portion of pins extending beyond speed washers or bend parallel with

insulation surface. Cover exposed pins and washers with tape matching
insulation facing.

4. For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with
insulation by removing 2 inches from one edge and one end of insulation segment.
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch
o.c. Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.
b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-

foot intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-
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shaped pattern over insulation face, along butt end of insulation, and over the
surface. Cover insulation face and surface to be insulated a width equal to two
times the insulation thickness, but not less than 3 inches.
Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints.
At end joints, secure with steel bands spaced a maximum of 18 inches o.c.
Install insulation on rectangular duct elbows and transitions with a full insulation section
for each surface. Install insulation on round and flat-oval duct elbows with individually
mitered gores cut to fit the elbow.
Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch- wide strips of same material used to insulate duct. Secure on alternating sides of
stiffener, hanger, and flange with pins spaced 6 inches o.c.

B. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

1.

2.

3.

CPL

Apply adhesives according to manufacturer's recommended coverage rates per unit area,

for 100 percent coverage of duct and plenum surfaces.

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and

transitions.

Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-

discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as

follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along
longitudinal centerline of duct. Space 3 inches maximum from insulation end
joints, and 16 inches o.c.

b. On duct sides with dimensions larger than 18 inches, space pins 16 inches o.c.
each way, and 3 inches maximum from insulation joints. Install additional pins
to hold insulation tightly against surface at cross bracing.

c. Pins may be omitted from top surface of horizontal, rectangular ducts and
plenums.

d. Do not overcompress insulation during installation.

e. Cut excess portion of pins extending beyond speed washers or bend parallel with
insulation surface. Cover exposed pins and washers with tape matching
insulation facing.

For ducts and plenums with surface temperatures below ambient, install a continuous

unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with

insulation by removing 2 inches from one edge and one end of insulation segment.

Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch

o.c. Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-

barrier mastic, and sealant at joints, seams, and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-
foot intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-
shaped pattern over insulation face, along butt end of insulation, and over the
surface. Cover insulation face and surface to be insulated a width equal to two
times the insulation thickness, but not less than 3 inches.

Install insulation on rectangular duct elbows and transitions with a full insulation section

for each surface. Groove and score insulation to fit as closely as possible to outside and

inside radius of elbows. Install insulation on round and flat-oval duct elbows with
individually mitered gores cut to fit the elbow.
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6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch- wide strips of same material used to insulate duct. Secure on alternating sides of
stiffener, hanger, and flange with pins spaced 6 inches o.c.

FIELD-APPLIED JACKET INSTALLATION

Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with
factory-applied jackets.

1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints.
2. Embed glass cloth between two 0.062-inch- thick coats of lagging adhesive.
3. Completely encapsulate insulation with coating, leaving no exposed insulation.

Where FSK jackets are indicated, install as follows:

1. Draw jacket material smooth and tight.

2. Install lap or joint strips with same material as jacket.

3. Secure jacket to insulation with manufacturer's recommended adhesive.

4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch- wide joint strips at
end joints.

5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation

with vapor-barrier mastic.

Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end joints;

for horizontal applications, install with longitudinal seams along top and bottom of tanks and

vessels. Seal with manufacturer's recommended adhesive.

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the
finish bead along seam and joint edge.

Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end
joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof
sealant recommended by insulation manufacturer. Secure jacket with stainless-steel bands 12
inches o.c. and at end joints.

FIRE-RATED INSULATION SYSTEM INSTALLATION

Where fire-rated insulation system is indicated, secure system to ducts and duct hangers and
supports to maintain a continuous fire rating.

Insulate duct access panels and doors to achieve same fire rating as duct.

Install firestopping at penetrations through fire-rated assemblies. Fire-stop systems are specified
in Section 078413 "Penetration Firestopping."

FINISHES

Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material: Paint jacket with paint
system identified below and as specified in Section 099113 "Exterior Painting" and
Section 099123 "Interior Painting."
1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket
material and finish coat paint. Add fungicidal agent to render fabric mildew proof.
a. Finish Coat Material: Interior, flat, latex-emulsion size.

Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of
insulation manufacturer's recommended protective coating.

Color: Final color as selected by Architect. Vary first and second coats to allow visual
inspection of the completed Work.
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D. Do not field paint aluminum or stainless-steel jackets.

3.9 FIELD QUALITY CONTROL

A. Tests and Inspections:

L. Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and
insulation in layers in reverse order of their installation. Extent of inspection shall be
limited to one location(s) for each duct system defined in the "Duct Insulation Schedule,
General" Article.

B. All insulation applications will be considered defective Work if sample inspection reveals
noncompliance with requirements.

3.10 DUCT INSULATION SCHEDULE, GENERAL

A. Plenums and Ducts Requiring Insulation:

1. Indoor, concealed supply and outdoor air.

2. Indoor, exposed supply and outdoor air.

3. Indoor, concealed return located in unconditioned space.

4. Indoor, exposed return located in unconditioned space.

5. Indoor, concealed, Type I, commercial, kitchen hood exhaust.

6. Indoor, exposed, Type I, commercial, kitchen hood exhaust.

7. Indoor, concealed oven and warewash exhaust.

8. Indoor, exposed oven and warewash exhaust.

9. Indoor, concealed exhaust between isolation damper and penetration of building exterior.

10. Indoor, exposed exhaust between isolation damper and penetration of building exterior.

11. Outdoor, supply and return.

B. Items Not Insulated:
1. Metal ducts with duct liner of sufficient thickness to comply with energy code and
ASHRAE/IESNA 90.1.
2. Factory-insulated flexible ducts.
3. Factory-insulated plenums and casings.
4. Flexible connectors.
5. Vibration-control devices.
6. Factory-insulated access panels and doors.
3.11 INDOOR DUCT AND PLENUM INSULATION SCHEDULE
A. Concealed, round and flat-oval, supply-air duct insulation shall be the following:

1. Mineral-Fiber Blanket: 1-1/2 inches thick and 1.5-1b/cu. ft. nominal density.
B. Concealed, round and flat-oval, return-air duct insulation shall be one of the following:

L. Mineral-Fiber Blanket: 1-1/2 inches thick and 1.5-1b/cu. ft. nominal density.
C. Concealed, round and flat-oval, outdoor-air duct insulation shall be the following:

1. Mineral-Fiber Blanket: 1-1/2 inches thick and 1.5-1b/cu. ft. nominal density.
D. Concealed, round and flat-oval, exhaust-air duct insulation shall be the following:

1. Mineral-Fiber Blanket: 1-1/2 inches thick and 1.5-Ib/cu. ft. nominal density.
E. Concealed, rectangular, supply-air duct insulation shall be the following:

1. Mineral-Fiber Blanket: 2 inches thick and 1.5-Ib/cu. ft. nominal density.
F. Concealed, rectangular, return-air duct insulation shall be the following:

CPL

1. Mineral-Fiber Blanket: 1-1/2 inches thick and 1.5-1b/cu. ft. nominal density.
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G. Concealed, rectangular, outdoor-air duct insulation shall be the following:
1. Mineral-Fiber Blanket: 2 inches thick and 1.5-Ib/cu. ft. nominal density.
H. Concealed, rectangular, exhaust-air duct insulation between isolation damper and penetration of
building exterior shall be one of the following:
1. Mineral-Fiber Blanket: 2 inches thick and 1.5-Ib/cu. ft. nominal density.
I. Concealed, Type I, Commercial, Kitchen Hood Exhaust Duct and Plenum Insulation: Fire-rated
blanket; thickness as required to achieve 2-hour fire rating.
J. Concealed, return-air plenum insulation shall be the following:
1. Mineral-Fiber Blanket: 2 inches thick and 1.5-1b/cu. ft. nominal density.
K. Concealed, supply-air plenum insulation shall be the following:
1. Mineral-Fiber Blanket: 2 inches thick and 1.5-1b/cu. ft. nominal density.
L. Concealed, outdoor-air plenum insulation shall be the following:
1. Mineral-Fiber Blanket: 2 inches thick and 1.5-Ib/cu. ft. nominal density.
M. Concealed, exhaust-air plenum insulation shall be the following:
1. Mineral-Fiber Blanket: 2 inches thick and 1.5-Ib/cu. ft. nominal density.
N. Exposed, round and flat-oval, supply-air duct insulation shall be the following:
1. Mineral-Fiber Blanket: 2 inches thick and 1.5-Ib/cu. ft. nominal density.
0. Exposed, round and flat-oval, return-air duct insulation shall be the following:
1. Mineral-Fiber Blanket: 1-1/2 inches thick and 1.5-Ib/cu. ft. nominal density.
P. Exposed, round and flat-oval, outdoor-air duct insulation shall be the following:
I. Mineral-Fiber Blanket: 2 inches thick and 1.5-Ib/cu. ft. nominal density.
Q. Exposed, round and flat-oval, exhaust-air duct insulation shall be the following:
1. Mineral-Fiber Blanket: 2 inches thick and 1.5-1b/cu. ft. nominal density.
R. Exposed, rectangular, supply-air duct insulation located in mech. Equipment rooms shall be the
following:
1. Mineral-Fiber Board: 2 inches thick and 3-1b/cu. ft. nominal density.
S. Exposed, rectangular, return-air duct insulation shall be the following:
1. Mineral-Fiber Board: 1-1/2 inches thick and 3-1b/cu. ft. nominal density.
T. Exposed, rectangular, outdoor-air duct insulation shall be the following:
1. Mineral-Fiber Board: 2 inches thick and 3-1b/cu. ft. nominal density.
U. Exposed, rectangular, exhaust-air duct insulation shall be the following:
1. Mineral-Fiber Board: 1-1/2 inches thick and 3-1b/cu. ft. nominal density.
V. Exposed, Type I, Commercial, Kitchen Hood Exhaust Duct and Plenum Insulation: Fire-rated
blanket; thickness as required to achieve 2-hour fire rating.
W. Exposed, supply-air plenum insulation shall be the following:
1. Mineral-Fiber Board: 1-1/2 inches thick and 3-1b/cu. ft. nominal density.
X. Exposed, return-air plenum insulation shall be the following:
1. Mineral-Fiber Board: 1-1/2 inches thick and 3-1b/cu. ft. nominal density.
Y. Exposed, outdoor-air plenum insulation shall be the following:
1. Mineral-Fiber Board: 2 inches thick and 3-1b/cu. ft. nominal density.
Z. Exposed, exhaust-air plenum insulation shall be the following:

CPL
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I. Mineral-Fiber Board: 2 inches thick and 3-1b/cu. ft. nominal density.

END OF SECTION 230713

CPL
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SECTION 230719 - HVAC PIPING INSULATION
PART 1 - GENERAL
RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes insulating the following HVAC piping systems:
1. Condensate drain piping, indoors.
2. Refrigerant suction and hot-gas piping, indoors and outdoors.

Related Sections:
1. Section 230713 "Duct Insulation."

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include thermal conductivity, water-vapor
permeance thickness, and jackets (both factory and field applied if any).

QUALITY ASSURANCE

Surface-Burning Characteristics: For insulation and related materials, as determined by testing
identical products according to ASTM E 84, by a testing and inspecting agency acceptable to
authorities having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic,
tapes, and cement material containers, with appropriate markings of applicable testing agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
index of 50 or less.
2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed

index of 150 or less.
DELIVERY, STORAGE, AND HANDLING

Packaging: Insulation material containers shall be marked by manufacturer with appropriate
ASTM standard designation, type and grade, and maximum use temperature.

COORDINATION

Coordinate sizes and locations of supports, hangers, and insulation shields specified in
Section 230529 "Hangers and Supports for HVAC Piping and Equipment."

Coordinate clearance requirements with piping Installer for piping insulation application. Before
preparing piping Shop Drawings, establish and maintain clearance requirements for installation of

insulation and field-applied jackets and finishes and for space required for maintenance.

Coordinate installation and testing of heat tracing.
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1.7 SCHEDULING
A. Schedule insulation application after pressure testing systems and, where required, after installing

2.1

2.2

2.3

and testing heat tracing. Insulation application may begin on segments that have satisfactory test
results.

Complete installation and concealment of plastic materials as rapidly as possible in each area of
construction.

PART 2 - PRODUCTS
INSULATION MATERIALS
Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation
Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground
Piping Insulation Schedule" articles for where insulating materials shall be applied.

Products shall not contain asbestos, lead, mercury, or mercury compounds.

Products that come in contact with stainless steel shall have a leachable chloride content of less
than 50 ppm when tested according to ASTM C 871.

Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according
to ASTM C 795.

Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing
process.

Flexible Elastomeric Insulation: Closed-cell, sponge- or expanded-rubber materials. Comply
with ASTM C 534, Type I for tubular materials.

1. Products: Subject to compliance with requirements, provide one of the following:
a. Aeroflex USA, Inc.; Aerocel.
b. Armacell LLC; AP Armaflex.
C. K-Flex USA; Insul-Lock, Insul-Tube, and K-FLEX LS.
INSULATING CEMENTS
Expanded or Exfoliated Vermiculite Insulating Cement: Comply with ASTM C 196.
L. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Ramco Insulation, Inc.; Thermokote V.
ADHESIVES

Materials shall be compatible with insulation materials, jackets, and substrates and for bonding
insulation to itself and to surfaces to be insulated unless otherwise indicated.

Flexible Elastomeric and Polyolefin Adhesive: Comply with MIL-A-24179A, Type 11, Class 1.
1. Products: Subject to compliance with requirements, provide one of the following:
a. Aeroflex USA, Inc.; Aeroseal.
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b. Armacell LLC; Armaflex 520 Adhesive.
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-75.
d. K-Flex USA; R-373 Contact Adhesive.
2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
3. Adhesive shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."
24 MASTICS
A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with

MIL-PRF-19565C, Type IL.

L.

For indoor applications, use mastics that have a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services.

L.

W

Products: Subject to compliance with requirements, provide one of the following:

a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-80/30-90.
b. Vimasco Corporation; 749.

Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry
film thickness.

Service Temperature Range: Minus 20 to plus 180 deg F.

Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.

Color: White.

Vapor-Barrier Mastic: Solvent based; suitable for indoor use on below-ambient services.

L.

nbkwb

Vapor-
1.

W

Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-30.

b. Eagle Bridges - Marathon Industries; 501.

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-35.

d Mon-Eco Industries, Inc.; 55-10.

Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 35-mil dry film thickness.
Service Temperature Range: 0 to 180 deg F.

Solids Content: ASTM D 1644, 44 percent by volume and 62 percent by weight.
Color: White.

Barrier Mastic: Solvent based; suitable for outdoor use on below-ambient services.

Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; Encacel.

b. Eagle Bridges - Marathon Industries; 570.

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller

Company; 60-95/60-96.
Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 30-mil dry film thickness.
Service Temperature Range: Minus 50 to plus 220 deg F.
Solids Content: ASTM D 1644, 33 percent by volume and 46 percent by weight.
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5. Color: White.
E. Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services.

2.5

2.6

L.

nbkwbd

Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-10.

b. Eagle Bridges - Marathon Industries; 550.

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 46-50.

d. Mon-Eco Industries, Inc.; 55-50.

e. Vimasco Corporation; WC-1/WC-5.

Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.

Service Temperature Range: Minus 20 to plus 180 deg F.

Solids Content: 60 percent by volume and 66 percent by weight.

Color: White.

LAGGING ADHESIVES

Description: Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with
insulation materials, jackets, and substrates.

1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
2. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-50 AHV?2.
b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-36.
C. Vimasco Corporation; 713 and 714.
3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over pipe insulation.
4, Service Temperature Range: 0 to plus 180 deg F.
5. Color: White.
SEALANTS
Joint Sealants:
1. Joint Sealants for Cellular-Glass, Phenolic, and Polyisocyanurate Products: Subject to
compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.
b. Eagle Bridges - Marathon Industries; 405.
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-45.
d. Mon-Eco Industries, Inc.; 44-05.
e. Pittsburgh Corning Corporation; Pittseal 444.
2. Joint Sealants for Polystyrene Products: Subject to compliance with requirements,

provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-70.

b. Eagle Bridges - Marathon Industries; 405.
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c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-45.

d. Mon-Eco Industries, Inc.; 44-05.

3. Materials shall be compatible with insulation materials, jackets, and substrates.

4, Permanently flexible, elastomeric sealant.

5. Service Temperature Range: Minus 100 to plus 300 deg F.

6. Color: White or gray.

7. For indoor applications, sealants shall have a VOC content of 420 g/L or less when

2.7

2.8

3.1

3.2

calculated according to 40 CFR 59, Subpart D (EPA Method 24).

8. Sealants shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

TAPES

Elastomeric Tape: K-flex or Suitable for taping flexible elastomeric insulation indoors and
outdoors.

SECUREMENTS

Bands:

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. ITW Insulation Systems; Gerrard Strapping and Seals.
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

2. Aluminum: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch

thick, 1/2 inch wide with wing seal or closed seal.

Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.

PART 3 - EXECUTION
EXAMINATION

Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of insulation application.

1. Verify that systems to be insulated have been tested and are free of defects.

2. Verify that surfaces to be insulated are clean and dry.

3. Proceed with installation only after unsatisfactory conditions have been corrected.
PREPARATION

Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will
adversely affect insulation application.

Surface Preparation: Clean and prepare surfaces to be insulated. Before insulating, apply a

corrosion coating to insulated surfaces as follows:

1. Carbon Steel: Coat carbon steel operating at a service temperature between 32 and 300
deg F with an epoxy coating. Consult coating manufacturer for appropriate coating
materials and application methods for operating temperature range.
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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.

33 GENERAL INSTALLATION REQUIREMENTS

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces;
free of voids throughout the length of piping including fittings, valves, and specialties.

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required
for each item of pipe system as specified in insulation system schedules.

C. Install accessories compatible with insulation materials and suitable for the service. Install
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry
state.

D. Install insulation with longitudinal seams at top and bottom of horizontal runs.

E. Install multiple layers of insulation with longitudinal and end seams staggered.

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.

G. Keep insulation materials dry during application and finishing.

H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

L Install insulation with least number of joints practical.

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,
supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.

2. For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.

3. Install insert materials and install insulation to tightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compound recommended by insulation
material manufacturer.

4. Cover inserts with jacket material matching adjacent pipe insulation. Install shields over
jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and
dry film thicknesses.

L. Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.

2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation
jacket. Secure strips with adhesive and outward clinching staples along both edges of
strip, spaced 4 inches o.c.
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34

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with
longitudinal seams at bottom of pipe. Clean and dry surface to receive self-sealing lap.
Staple laps with outward clinching staples along edge at 2 inches o.c.

a. For below-ambient services, apply vapor-barrier mastic over staples.

4, Cover joints and seams with tape, according to insulation material manufacturer's written
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at

ends adjacent to pipe flanges and fittings.

Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal
thickness.

Finish installation with systems at operating conditions. Repair joint separations and cracking
due to thermal movement.

Repair damaged insulation facings by applying same facing material over damaged areas. Extend
patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar to butt
joints.

For above-ambient services, do not install insulation to the following:
1. Vibration-control devices.

2. Testing agency labels and stamps.
3. Nameplates and data plates.

4. Manbholes.

5. Handholes.

6. Cleanouts.

PENETRATIONS

Insulation Installation at Roof Penetrations: Install insulation continuously through roof

penetrations.
1. Seal penetrations with flashing sealant.
2. For applications requiring only indoor insulation, terminate insulation above roof surface

and seal with joint sealant. For applications requiring indoor and outdoor insulation,
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of
roof flashing.
4. Seal jacket to roof flashing with flashing sealant.

Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation continuously

through wall penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation inside wall surface
and seal with joint sealant. For applications requiring indoor and outdoor insulation,
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at
least 2 inches.

4. Seal jacket to wall flashing with flashing sealant.
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C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls and partitions.
D. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation
continuously through penetrations of fire-rated walls and partitions.
1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping
and fire-resistive joint sealers.
E. Insulation Installation at Floor Penetrations:
1. Pipe: Install insulation continuously through floor penetrations.
2. Seal penetrations through fire-rated assemblies. = Comply with requirements in
Section 078413 "Penetration Firestopping."
3.5 GENERAL PIPE INSULATION INSTALLATION
A. Requirements in this article generally apply to all insulation materials except where more specific
requirements are specified in various pipe insulation material installation articles.
B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:

1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with
continuous thermal and vapor-retarder integrity unless otherwise indicated.
2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from

same material and density as adjacent pipe insulation. Each piece shall be butted tightly
against adjoining piece and bonded with adhesive. Fill joints, seams, voids, and irregular
surfaces with insulating cement finished to a smooth, hard, and uniform contour that is
uniform with adjoining pipe insulation.

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same
material and thickness as used for adjacent pipe. Cut sectional pipe insulation to fit. Butt
each section closely to the next and hold in place with tie wire. Bond pieces with
adhesive.

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same
material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe
insulation by not less than two times the thickness of pipe insulation, or one pipe
diameter, whichever is thicker. For valves, insulate up to and including the bonnets,
valve stuffing-box studs, bolts, and nuts. Fill joints, seams, and irregular surfaces with
insulating cement.

5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of same
material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe
insulation by not less than two times the thickness of pipe insulation, or one pipe
diameter, whichever is thicker. Fill joints, seams, and irregular surfaces with insulating
cement. Insulate strainers so strainer basket flange or plug can be easily removed and
replaced without damaging the insulation and jacket. Provide a removable reusable
insulation cover. For below-ambient services, provide a design that maintains vapor
barrier.

6. Insulate flanges and unions using a section of oversized preformed pipe insulation.
Overlap adjoining pipe insulation by not less than two times the thickness of pipe
insulation, or one pipe diameter, whichever is thicker.

7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a
mastic. Install vapor-barrier mastic for below-ambient services and a breather mastic for
above-ambient services. Reinforce the mastic with fabric-reinforcing mesh. Trowel the
mastic to a smooth and well-shaped contour.
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3.6

8. fireStencil or label the outside insulation jacket of each union with the word "union."
Match size and color of pipe labels.

Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test
connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape insulation
at these connections by tapering it to and around the connection with insulating cement and finish
with finishing cement, mastic, and flashing sealant.

Install removable insulation covers at locations indicated. Installation shall conform to the

following:

1. Make removable flange and union insulation from sectional pipe insulation of same
thickness as that on adjoining pipe. Install same insulation jacket as adjoining pipe
insulation.

2. When flange and union covers are made from sectional pipe insulation, extend insulation

from flanges or union long at least two times the insulation thickness over adjacent pipe
insulation on each side of flange or union. Secure flange cover in place with stainless-
steel or aluminum bands. Select band material compatible with insulation and jacket.

3. Construct removable valve insulation covers in same manner as for flanges, except divide
the two-part section on the vertical center line of valve body.
4, When covers are made from block insulation, make two halves, each consisting of

mitered blocks wired to stainless-steel fabric. Secure this wire frame, with its attached
insulation, to flanges with tie wire. Extend insulation at least 2 inches over adjacent pipe
insulation on each side of valve. Fill space between flange or union cover and pipe
insulation with insulating cement. Finish cover assembly with insulating cement applied
in two coats. After first coat is dry, apply and trowel second coat to a smooth finish.

INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION

Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate
openings in insulation that allow passage of air to surface being insulated.

Insulation Installation on Pipe Flanges:

1. Install pipe insulation to outer diameter of pipe flange.

2. Make width of insulation section same as overall width of flange and bolts, plus twice the
thickness of pipe insulation.

3. Fill voids between inner circumference of flange insulation and outer circumference of

adjacent straight pipe segments with cut sections of sheet insulation of same thickness as
pipe insulation.

4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive
to eliminate openings in insulation that allow passage of air to surface being insulated.

Insulation Installation on Pipe Fittings and Elbows:

I. Install mitered sections of pipe insulation.

2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to
eliminate openings in insulation that allow passage of air to surface being insulated.

Insulation Installation on Valves and Pipe Specialties:
I. Install preformed valve covers manufactured of same material as pipe insulation when
available.
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3.9
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2. When preformed valve covers are not available, install cut sections of pipe and sheet

insulation to valve body. Arrange insulation to permit access to packing and to allow

valve operation without disturbing insulation.

Install insulation to flanges as specified for flange insulation application.

4, Secure insulation to valves and specialties and seal seams with manufacturer's
recommended adhesive to eliminate openings in insulation that allow passage of air to
surface being insulated.

W

FINISHES

Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of
insulation manufacturer's recommended protective coating.

Color: Final color as selected by Architect. Vary first and second coats to allow visual
inspection of the completed Work.

Do not field paint aluminum or stainless-steel jackets.
FIELD QUALITY CONTROL

Tests and Inspections:

1. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by removing
field-applied jacket and insulation in layers in reverse order of their installation. Extent
of inspection shall be limited to three locations of straight pipe, three locations of
threaded fittings, three locations of welded fittings, two locations of threaded strainers,
two locations of welded strainers, three locations of threaded valves, and three locations
of flanged valves for each pipe service defined in the "Piping Insulation Schedule,
General" Article.

All insulation applications will be considered defective Work if sample inspection reveals
noncompliance with requirements.

PIPING INSULATION SCHEDULE, GENERAL
Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for
each piping system and pipe size range. If more than one material is listed for a piping system,

selection from materials listed is Contractor's option.

Items Not Insulated: Unless otherwise indicated, do not install insulation on the following:

1. Drainage piping located in crawl spaces.
2. Underground piping.
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury.

INDOOR PIPING INSULATION SCHEDULE

Condensate and Equipment Drain Water below 60 Deg F:

1. All Pipe Sizes: Insulation shall be the following:
a. Flexible Elastomeric: 3/4 inch thick.
b. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1/2 inch thick.

C. Vapor Barrier: Required
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B. Refrigerant Suction and Hot-Gas Piping:
1. All Pipe Sizes: Insulation shall be the following:
a. Flexible Elastomeric: 1-1/2 inch thick.
b. Vapor Barrier: Required.
C. Refrigerant Suction and Hot-Gas Flexible Tubing:
1. All Pipe Sizes: Insulation shall be the following:
a. Flexible Elastomeric: 1-1/2 inch thick.
b. Vapor Barrier: Required.

3.11 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE

A. Refrigerant Suction and Hot-Gas Piping:
1. All Pipe Sizes: Insulation shall be the following:
a. Flexible Elastomeric: 2 inches thick.

B. Refrigerant Suction and Hot-Gas Flexible Tubing:

1. All Pipe Sizes: Insulation shall be the following:
a. Flexible Elastomeric: 2 inches thick.

END OF SECTION 230719
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SECTION 230900 - INSTRUMENTATION AND CONTROL FOR HVAC

PART 1 - GENERAL
RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

This Section includes control equipment for HVAC systems and components, including control
components for terminal heating and cooling units not supplied with factory-wired controls.

All new work shall be added to the existing Siemens BMS system. Field verify all existing air
handler components.

Related Sections include the following:
1. Section 230993 "Sequence of Operations for HVAC Controls" for requirements that
relate to this Section.

DEFINITIONS
DDC: Direct digital control.
I/O: Input/output.

LonWorks: A control network technology platform for designing and implementing
interoperable control devices and networks.

MS/TP: Master slave/token passing.

PID: Proportional plus integral plus derivative.
RTD: Resistance temperature detector.
SUBMITTALS

Product Data: Include manufacturer's technical literature for each control device. Indicate
dimensions, capacities, performance -characteristics, electrical characteristics, finishes for
materials, and installation and startup instructions for each type of product indicated.

1. DDC System Hardware: Bill of materials of equipment indicating quantity,
manufacturer, and model number. Include technical data for operator workstation
equipment, interface equipment, control units, transducers/transmitters, sensors,
actuators, valves, relays/switches, control panels, and operator interface equipment.

2. Controlled Systems: Instrumentation list with element name, type of device,
manufacturer, model number, and product data. Include written description of sequence
of operation including schematic diagram.

Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field connection.

07/25/2022
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—

Bill of materials of equipment indicating quantity, manufacturer, and model number.
Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and control
devices.

Wiring Diagrams: Power, signal, and control wiring.

Details of control panel faces, including controls, instruments, and labeling.

Written description of sequence of operation.

Schedule of dampers including size, leakage, and flow characteristics.

Schedule of valves including flow characteristics.

DDC System Hardware:

a. Wiring diagrams for control units with termination numbers.

b. Schematic diagrams and floor plans for field sensors and control hardware.

c. Schematic diagrams for control, communication, and power wiring, showing
trunk data conductors and wiring between operator workstation and control unit
locations.

9. Controlled Systems:

a. Schematic diagrams of each controlled system with control points labeled and
control elements graphically shown, with wiring.

b. Scaled drawings showing mounting, routing, and wiring of elements including
bases and special construction.

c. Written description of sequence of operation including schematic diagram.

d. Points list.

N

PN AW

PROJECT RECORD DOCUMENTS

Operation and Maintenance Data: For HVAC instrumentation and control system to include in

emergency, operation, and maintenance manuals. In addition to items specified in

Section 017823 "Operation and Maintenance Data," include the following:

L. 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. Inspection period, cleaning methods, cleaning materials recommended, and calibration
tolerances.

4. Calibration records and list of set points.

QUALITY ASSURANCE

Installer Qualifications: Automatic control system manufacturer's authorized representative who
is trained and approved for installation of system components required for this Project.

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.

Comply with ASHRAE 135 for DDC system components.

DELIVERY, STORAGE, AND HANDLING

Factory-Mounted Components: Where control devices specified in this Section are indicated to

be factory mounted on equipment, arrange for shipping of control devices to equipment
manufacturer.

07/25/2022
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B. System Software: Update to latest version of software at Project completion.

1.8 COORDINATION

A. Coordinate location of thermostats, humidistats, and other exposed control sensors with plans and
room details before installation.

B. Coordinate equipment and installation with Sections 26, 27, and 28, as appropriate, for systems
integration requirements.

C. Coordinate supply of conditioned electrical branch circuits for control units and operator
workstation.

D. Coordinate equipment with Section 262416 "Panelboards" to achieve compatibility with starter
coils and annunciation devices.

E. Coordinate equipment with Section 262419 "Motor-Control Centers" to achieve compatibility
with motor starters and annunciation devices.

F. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete,
reinforcement, and formwork requirements are specified in Section 033000 "Cast-in-Place
Concrete."

G. All external wiring of equipment, all temperature control wiring, external wiring of control
circuits of magnetic starters, interlocking wiring, boiler wiring, Emergency Break Glass Stations,
and mounting of control devices, etc., shall be included under Division 23. All external wiring
shall be in conduit. Provide 120V power to all necessary control panels, controllers, etc. from
nearest spare panelboard circuit breaker location. Furnish and install necessary circuit breakers.
If facility contains emergency power, connect circuit(s) to emergency panelboards.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to
product selection:

1. Manufacturers: Siemens

B. Service Requirements: The manufacturer’s service representative must be located within 50
miles of the project site, and have a maximum service call response time of 24 hours. The service
representative must have a minimum of 5 years experience maintaining the control system
manufacturer’s equipment.

2.2 CONTROL SYSTEM

A. Manufacturers:

1. Siemens
B. Control system shall consist of sensors, indicators, actuators, final control elements, interface

CPL

equipment, other apparatus, accessories, and software connected to distributed controllers
operating in multiuser, multitasking environment on token-passing network and programmed to

07/25/2022
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control mechanical systems. An operator workstation permits interface with the network via
dynamic color graphics with each mechanical system, building floor plan, and control device
depicted by point-and-click graphics.

DDC EQUIPMENT

Control Units: Modular, comprising processor board with programmable, nonvolatile, random-
access memory; local operator access and display panel; integral interface equipment; and backup
power source.

1.

Units monitor or control each I/O point; process information; execute commands from
other control units, devices, and operator stations; and download from or upload to
operator workstation or diagnostic terminal unit.

Stand-alone mode control functions operate regardless of network status. Functions
include the following:

a. Global communications.

b. Discrete/digital, analog, and pulse I/O.

c. Monitoring, controlling, or addressing data points.

d. Software applications, scheduling, and alarm processing.

e. Testing and developing control algorithms without disrupting field hardware and

controlled environment.

Standard Application Programs:

a. Electric Control Programs: Demand limiting, duty cycling, automatic time
scheduling, start/stop time optimization, night setback/setup, on-off control with
differential sequencing, staggered start, antishort cycling, PID control, DDC with
fine tuning, and trend logging.

b. HVAC Control Programs: Optimal run time, supply-air reset, and enthalpy
switchover.
c. Programming Application Features: Include trend point; alarm processing and

messaging; weekly, monthly, and annual scheduling; energy calculations; run-
time totalization; and security access.

d. Remote communications.
e. Maintenance management.
f. Units of Measure: Inch-pound and SI (metric).

Local operator interface provides for download from or upload to operator workstation or
diagnostic terminal unit.

ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and
communicate using ISO 8802-3 (Ethernet) datalink/physical layer protocol.

Local Control Units: Modular, comprising processor board with electronically programmable,
nonvolatile, read-only memory; and backup power source.

1.

2.

Units monitor or control each I/O point, process information, and download from or
upload to operator workstation or diagnostic terminal unit.

Stand-alone mode control functions operate regardless of network status. Functions
include the following:

a. Global communications.
b. Discrete/digital, analog, and pulse 1/O.
c. Monitoring, controlling, or addressing data points.

Local operator interface provides for download from or upload to operator workstation or
diagnostic terminal unit.

ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and
communicate using ISO 8802-3 (Ethernet) datalink/physical layer protocol.
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I/O Interface: Hardwired inputs and outputs may tie into system through controllers. Protect
points so that shorting will not cause damage to controllers.

1. Binary Inputs: Allow monitoring of on-off signals without external power.

2. Pulse Accumulation Inputs: Accept up to 10 pulses per second.

3. Analog Inputs: Allow monitoring of low-voltage (0- to 10-V dc), current (4 to 20 mA),
or resistance signals.

4. Binary Outputs: Provide on-off or pulsed low-voltage signal, selectable for normally
open or normally closed operation.

5. Analog Outputs: Provide modulating signal, either low voltage (0- to 10-V dc) or current
(4 to 20 mA).

6. Tri-State Outputs: Provide two coordinated binary outputs for control of three-point,
floating-type electronic actuators.

7. Universal I/Os: Provide software selectable binary or analog outputs.

Power Supplies: Transformers with Class 2 current-limiting type or overcurrent protection; limit
connected loads to 80 percent of rated capacity. DC power supply shall match output current and
voltage requirements and be full-wave rectifier type with the following:

1. Output ripple of 5.0 mV maximum peak to peak.

2. Combined 1 percent line and load regulation with 100-mic.sec. response time for 50
percent load changes.

3. Built-in overvoltage and overcurrent protection and be able to withstand 150 percent

overload for at least 3 seconds without failure.

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.

UNITARY CONTROLLERS

Unitized, capable of stand-alone operation with sufficient memory to support its operating
system, database, and programming requirements, and with sufficient /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 [/O communication to allow distributed controllers to share
real and virtual object information and allow central monitoring and alarms. Perform
scheduling with real-time clock. Perform automatic system diagnostics; monitor system
and report failures.

3. ASHRAE 135 Compliance: Communicate using read (execute and initiate) and write
(execute and initiate) property services defined in ASHRAE 135. Reside on network
using MS/TP datalink/physical layer protocol and have service communication port for
connection to diagnostic terminal unit.

4. Enclosure: Dustproof rated for operation at 32 to 120 deg F.
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2.5 ALARM PANELS
A. Unitized cabinet with suitable brackets for wall or floor mounting. Fabricate of 0.06-inch- thick,

2.6
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furniture-quality steel or extruded-aluminum alloy, totally enclosed, with hinged doors and keyed
lock and with manufacturer's standard shop-painted finish. Provide common keying for all
panels.

Indicating light for each alarm point, single horn, acknowledge switch, and test switch, mounted
on hinged cover.
1. Alarm Condition: Indicating light flashes and horn sounds.

2. Acknowledge Switch: Horn is silent and indicating light is steady.

3. Second Alarm: Horn sounds and indicating light is steady.

4, Alarm Condition Cleared: System is reset and indicating light is extinguished.

5. Contacts in alarm panel allow remote monitoring by independent alarm company.
ANALOG CONTROLLERS

Step Controllers: 6- or 10-stage type, with heavy-duty switching rated to handle loads and
operated by electric motor.

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.

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.

Fan-Speed Controllers: Solid-state model providing field-adjustable proportional control of
motor speed from maximum to minimum of 55 percent and on-off action below minimum fan
speed. Controller shall briefly apply full voltage, when motor is started, to rapidly bring motor up
to minimum speed. Equip with filtered circuit to eliminate radio interference.

Receiver Controllers: Single- or multiple-input models with control-point adjustment, direct or
reverse acting with mechanical set-point adjustment with locking device, proportional band
adjustment, authority adjustment, and proportional control mode.

1. Remote-control-point adjustment shall be plus or minus 20 percent of sensor span, input
signal of 3 to 13 psig.

2. Proportional band shall extend from 2 to 20 percent for 5 psig.

3. Authority shall be 20 to 200 percent.

4. Air-supply pressure of 18 psig, input signal of 3 to 15 psig, and output signal of zero to
supply pressure.

5. Gages: 2-1/2 inches in diameter, 2.5 percent wide-scale accuracy, and range to match

transmitter input or output pressure.
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2.7 ELECTRONIC SENSORS
A. Description:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as
required.
B. Thermistor Temperature Sensors and Transmitters:
1. Manufacturers:
a. BEC Controls Corporation.
b. Ebtron, Inc.
c. Heat-Timer Corporation.
d. L.T.M. Instruments Inc.
e. MAMAC Systems, Inc.
f. RDF Corporation.

2. Accuracy: Plus or minus 0.5 deg F at calibration point.

3. Wire: Twisted, shielded-pair cable.

4. Insertion Elements in Ducts: Single point, 8 inches long; use where not affected by
temperature stratification or where ducts are smaller than 9 sq. ft..

5. Averaging Elements in Ducts: 60 inches in length per 10 sq. ft. of duct cross-sectional
area; use where prone to temperature stratification or where ducts are larger than 10 sq.
ft.

6. Insertion Elements for Liquids: Brass or stainless-steel socket with minimum insertion
length of 2-1/2 inches.

7. Room Sensor Cover Construction: Manufacturer's standard locking covers.
a. Set-Point Adjustment: Concealed in public spaces and exposed in staff spaces.
b. Set-Point Indication: Concealed in public spaces and exposed in staff areas.

8. Outside-Air Sensors: Watertight inlet fitting, shielded from direct sunlight.

C. RTDs and Transmitters:

I. Manufacturers:
a. BEC Controls Corporation.
b. MAMAC Systems, Inc.
c. RDF Corporation.

2. Accuracy: Plus or minus 0.2 percent at calibration point.

3. Wire: Twisted, shielded-pair cable.

4. Insertion Elements in Ducts: Single point, 8 inches long; use where not affected by
temperature stratification or where ducts are smaller than 9 sq. ft..

5. Averaging Elements in Ducts: 60 inches in length per 10 sq. ft. of duct cross-sectional
area; use where prone to temperature stratification or where ducts are larger than 10 sq.
ft.; length as required.

6. Insertion Elements for Liquids: Brass socket with minimum insertion length of 2-1/2
inches.

7. Room Sensor Cover Construction: Manufacturer's standard locking covers.

a. Set-Point Adjustment: Concealed in public spaces and exposed in staff spaces.
b. Set-Point Indication: Concealed in public spaces and exposed in staff areas.
8. Outside-Air Sensors: Watertight inlet fitting, shielded from direct sunlight.
D. Humidity Sensors: Bulk polymer sensor element.
I. Manufacturers:
a. BEC Controls Corporation.
b. General Eastern Instruments.
c. MAMAC Systems, Inc.
CPL 07/25/2022
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d. ROTRONIC Instrument Corp.
e. TCS/Basys Controls.
f. Vaisala.
2. Accuracy: 2 percent full range with linear output.
3. Room Sensor Range: 20 to 80 percent relative humidity.
4. Room Sensor Cover Construction: Manufacturer's standard locking covers.
a. Set-Point Adjustment: Concealed in public spaces and exposed in staff spaces.
b. Set-Point Indication: Concealed in public spaces and exposed in staff areas.
5. Duct Sensor: 20 to 80 percent relative humidity range with element guard and mounting
plate.
6. Outside-Air Sensor: 20 to 80 percent relative humidity range with mounting enclosure,
suitable for operation at outdoor temperatures of minus 20 to plus 170 deg F.
7. Duct and Sensors: With element guard and mounting plate, range of 0 to 100 percent
relative humidity.
E. Pressure Transmitters/Transducers:

CPL

L.

Manufacturers:

a. BEC Controls Corporation.

b. General Eastern Instruments.
c. MAMAC Systems, Inc.

d. ROTRONIC Instrument Corp.
e. TCS/Basys Controls.

f. Vaisala.

Static-Pressure Transmitter: Nondirectional sensor with suitable range for expected
input, and temperature compensated.

a. Accuracy: 2 percent of full scale with repeatability of 0.5 percent.
b. Output: 4 to 20 mA.

c. Building Static-Pressure Range: 0- to 0.25-inch wg.

d. Duct Static-Pressure Range: 0- to 5-inch wg.

Water Pressure Transducers: Stainless-steel diaphragm construction, suitable for service;
minimum 150-psig operating pressure; linear output 4 to 20 mA.

Water Differential-Pressure Transducers:  Stainless-steel diaphragm construction,
suitable for service; minimum 150-psig operating pressure and tested to 300-psig; linear
output 4 to 20 mA.

Differential-Pressure Switch (Air or Water): Snap acting, with pilot-duty rating and with
suitable scale range and differential.

Pressure Transmitters: Direct acting for gas, liquid, or steam service; range suitable for
system; linear output 4 to 20 mA.

Room Pressure Monitor

1.

2.

Manufacturer:

a. TSI Incorporated, Model 8630

General:

a. Must interface with the building management system.

b. PRESSURA™ controller has a red light and green light to provide continuous
information on room pressure status.

c. PRESSURA™ controller has a hidden operator panel providing detailed room

tatus information, self-testing capabilities, and access to the software
programming functions.
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d. The unit provides continuous room pressure status through the red and green
light. The operator panel is normally closed unless further information on room
pressure status is needed, or software programming is required.

3. Digital Display:

a. The alphanumeric digital display is a two line display that indicates actual room
pressure (positive, negative or no isolation), alarm status, menu options, and error
messages. In normal operation (green light is on), the display continuously
scrolls information about room pressure, and other variables programmed; flow,
air changes per hour, etc. The variables that scroll depend on the model of
PRESSURA™ controller purchased and options installed.

4. Room pressure module:
a. Display
1) Range: -0.20000 to +0.20000 inches H,O
2) Resolution: 5% of reading
3) Display Update: 0.5 sec
b. Inputs
1) Switch in: SPST (N.O.) Switch. Closing switch initiates condition.
2) Flow in: SPST (N.O.) Switch. Closing switch initiates condition.
c. Outputs

1) Low Alarm Range: -0.19500 to +0.19500 inches H,O
2) High Alarm Range: -0.19500 to +0.19500 inches H,O
3) Alarm Contacts: SPST (N.O.) Max current 5A, max voltage
4) 150 VDC, 250 VAC. Minimum switch load 10 mA, 5 VDC. Contacts
close in alarm condition.
d. Analog Output
1) Type: 0to 10 VDC or 4 to 20 mA
2) Range: High -0.100 to +0.100 inches H20; Low -0.0100 to +0.0100

inches H20
3) Resolution: 1.0% of range for 0-10 VDC; 1.2% of range for 4-20 mA
4) RS-485

5) Operating Temperature: 32 to 120°F
6) Input Power: 24 VAC, 5 watts max

7) Dimensions: 4.9 in. x 4.9 in. x 1.35 in
8) Weight: 0.7 lbs
5. Pressure Sensor
a. Temperature Compensation Range: 55 to 95°F
b. Power Dissipation: 0.16 watts at 0 inches H20, 0.20 watts at 0.00088 inches
H20
c. Dimensions (DxH): 5.58 in. x 3.34 in. x 1.94 in.
d. Weight: 0.2 1b.
G. Room Sensor Cover Construction: Manufacturer's standard locking covers.
a. Set-Point Adjustment: Concealed in public spaces and exposed in staff spaces.
b. Set-Point Indication: Concealed in public spaces and exposed in staff areas.
H. Room sensor accessories include the following:
1. Insulating Bases: For sensors located on exterior walls.
2. Adjusting Key: As required for calibration and cover screws.
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2.8 STATUS SENSORS

A. Status Inputs for Fans: Differential-pressure switch with pilot-duty rating and with adjustable
range of 0- to 5-inch wg.

B. Status Inputs for Pumps: Differential-pressure switch with pilot-duty rating and with adjustable
pressure-differential range of 8 to 60 psig, piped across pump.

C. Status Inputs for Electric Motors: Comply with ISA 50.00.01, current-sensing fixed- or split-core
transformers with self-powered transmitter, adjustable and suitable for 175 percent of rated motor
current.

D. Voltage Transmitter (100- to 600-V ac): Comply with ISA 50.00.01, single-loop, self-powered
transmitter, adjustable, with suitable range and 1 percent full-scale accuracy.

E. Power Monitor: 3-phase type with disconnect/shorting switch assembly, listed voltage and
current transformers, with pulse kilowatt hour output and 4- to 20-mA kW output, with maximum
2 percent error at 1.0 power factor and 2.5 percent error at 0.5 power factor.

F. Current Switches: Self-powered, solid-state with adjustable trip current, selected to match current
and system output requirements.

G. Electronic Valve/Damper Position Indicator: Visual scale indicating percent of travel and 2- to
10-V dc, feedback signal.

H. Water-Flow Switches: Bellows-actuated mercury or snap-acting type with pilot-duty rating,
stainless-steel or bronze paddle, with appropriate range and differential adjustment, in
NEMA 250, Type 1 enclosure.

1. Manufacturers:
a. BEC Controls Corporation.
b. L.T.M. Instruments Inc.

2.9 FLOW MEASURING STATIONS

A. Duct Airflow Station: Combination of air straightener and multiport, self-averaging pitot tube
station.

I. Manufacturers:
a. Air Monitor Corporation.
b. Wetmaster Co., Ltd.

2. Casing: Galvanized-steel frame.

3. Flow Straightener: Aluminum honeycomb, 3/4-inch parallel cell, 3 inches deep.

4. Sensing Manifold: Copper manifold with bullet-nosed static pressure sensors positioned
on equal area basis.

2.10 THERMOSTATS

A. Manufacturers:

1. Erie Controls.

2 Danfoss Inc.; Air-Conditioning and Refrigeration Div.
3. Heat-Timer Corporation.

4 Sauter Controls Corporation.

CPL
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5. tekmar Control Systems, Inc.
6. Theben AG - Lumilite Control Technology, Inc.

B. Electric, solid-state, microcomputer-based room thermostat with remote sensor. (VRF Zones)

CPL

Smart phone connectivity and setpoint adjustment.
Automatic switching from heating to cooling.
Preferential rate control to minimize overshoot and deviation from set point.

Set up for four separate temperatures per day.

Instant override of set point for continuous or timed period from 1 hour to 31 days.
Short-cycle protection.

Programming based on every day of week.

Selection features include degree F or degree C display, 12- or 24-hour clock, keyboard
disable, remote sensor, and fan on-auto.

Battery replacement without program loss.
Thermostat display features include the following:
Time of day.

Actual room temperature.

Programmed temperature.

Programmed time.

Duration of timed override.

Day of week.

g. System mode indications include "heating,

PN RO =

— \O
p.
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off," "fan auto," and "fan on."

Low-Voltage, On-Off Thermostats: NEMA DC 3, 24-V, bimetal-operated, mercury-switch type,
with adjustable or fixed anticipation heater, concealed set-point adjustment, 55 to 85 deg F set-
point range, and 2 deg F maximum differential.

Line-Voltage, On-Off Thermostats:  Bimetal-actuated, open contact or bellows-actuated,
enclosed, snap-switch or equivalent solid-state type, with heat anticipator; listed for electrical
rating; with concealed set-point adjustment, 55 to 85 deg F set-point range, and 2 deg F maximum
differential.

1. Electric Heating Thermostats: Equip with off position on dial wired to break ungrounded
conductors.
2. Selector Switch: Integral, manual on-off-auto.

Remote-Bulb Thermostats: On-off or modulating type, liquid filled to compensate for changes in
ambient temperature; with copper capillary and bulb, unless otherwise indicated.

1. Bulbs in water lines with separate wells of same material as bulb.

2. Bulbs in air ducts with flanges and shields.

3. Averaging Elements: Copper tubing with either single- or multiple-unit elements,
extended to cover full width of duct or unit; adequately supported.

4, Scale settings and differential settings are clearly visible and adjustable from front of
instrument.

5. On-Off Thermostat: With precision snap switches and with electrical ratings required by
application.

6. Modulating Thermostats: Construct so complete potentiometer coil and wiper assembly

is removable for inspection or replacement without disturbing calibration of instrument.
Fire-Protection Thermostats: Listed and labeled by an NRTL acceptable to authorities having

jurisdiction; with fixed or adjustable settings to operate at not less than 75 deg F above normal
maximum operating temperature, and the following:
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1. Reset: Manual.
2. Reset: Automatic, with control circuit arranged to require manual reset at central control

2.11
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panel; with pilot light and reset switch on panel labeled to indicate operation.

Immersion Thermostat: Remote-bulb or bimetal rod-and-tube type, proportioning action with
adjustable throttling range and adjustable set point.

Airstream Thermostats: Two-pipe, fully proportional, single-temperature type; with adjustable
set point in middle of range, adjustable throttling range, plug-in test fitting or permanent pressure
gage, remote bulb, bimetal rod and tube, or averaging element.

Electric, Low-Limit Duct Thermostat: Snap-acting, single-pole, single-throw, automatic-reset
switch that trips if temperature sensed across any 12 inches of bulb length is equal to or below set
point.

1. Bulb Length: Minimum 20 feet.

2. Quantity: One thermostat for every 20 sq. ft. of coil surface.

Electric, High-Limit Duct Thermostat: Snap-acting, single-pole, single-throw, automatic-reset
switch that trips if temperature sensed across any 12 inches of bulb length is equal to or above set

point.
1. Bulb Length: Minimum 20 feet.
2. Quantity: One thermostat for every 20 sq. ft. of coil surface.

Heating/Cooling Valve-Top Thermostats: Proportional acting for proportional flow, with
molded-rubber diaphragm, remote-bulb liquid-filled element, direct and reverse acting at
minimum shutoff pressure of 25 psig, and cast housing with position indicator and adjusting
knob.

HUMIDISTATS

Manufacturers:

1. MAMAC Systems, Inc.

2. ROTRONIC Instrument Corp.

Duct-Mounting Humidistats: Electric insertion, 2-position type with adjustable, 2 percent
throttling range, 20 to 80 percent operating range, and single- or double-pole contacts.

ACTUATORS

Electric Motors: Size to operate with sufficient reserve power to provide smooth modulating
action or two-position action.

1. Comply with requirements in Section 230513 "Common Motor Requirements for HVAC
Equipment."
2. Permanent Split-Capacitor or Shaded-Pole Type: Gear trains completely oil immersed

and sealed. Equip spring-return motors with integral spiral-spring mechanism in
housings designed for easy removal for service or adjustment of limit switches, auxiliary
switches, or feedback potentiometer.

3. Nonspring-Return Motors for Valves Larger Than NPS 2-1/2: Size for running torque of
150 in. x 1bf and breakaway torque of 300 in. x Ibf.
4. Spring-Return Motors for Valves Larger Than NPS 2-1/2: Size for running and

breakaway torque of 150 in. x 1bf.
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Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft.: Size for running torque
of 150 in. x 1bf and breakaway torque of 300 in. x Ibf.

Spring-Return Motors for Dampers Larger Than 25 Sq. Ft.: Size for running and
breakaway torque of 150 in. x Ibf.

Manual Positioning: Operators shall be able to manually position each actuator when the
actuator is not powered. Non-spring-return actuators shall have an external manual gear
release. Spring-return actuators with more than 60 in.-lb. torque capacity shall have a
manual crank.

Electronic Actuators: Direct-coupled type designed for minimum 60,000 full-stroke cycles at
rated torque.

1. Manufacturers:

a. Belimo Aircontrols (USA), Inc.

2. Valves: Size for torque required for valve close off at maximum pump differential
pressure.

3. Dampers: Size for running torque calculated as follows:

a. Parallel-Blade Damper with Edge Seals: 7 inch-Ib/sq. ft. of damper.

b. Opposed-Blade Damper with Edge Seals: 5 inch-1b/sq. ft. of damper.

c. Parallel-Blade Damper without Edge Seals: 4 inch-1b/sq. ft of damper.

d. Opposed-Blade Damper without Edge Seals: 3 inch-1b/sq. ft. of damper.

e. Dampers with 2- to 3-Inch wg of Pressure Drop or Face Velocities of 1000 to
2500 fpm: Increase running torque by 1.5.

f. Dampers with 3- to 4-Inch wg of Pressure Drop or Face Velocities of 2500 to
3000 fpm: Increase running torque by 2.0.

4. Coupling: V-bolt and V-shaped, toothed cradle.

5. Overload Protection: Electronic overload or digital rotation-sensing circuitry.

6. Fail-Safe Operation: Mechanical, spring-return mechanism. Provide external, manual
gear release on nonspring-return actuators.

7. Manual Positioning: Operators shall be able to manually position each actuator when the
actuator is not powered. Non-spring-return actuators shall have an external manual gear
release. Spring-return actuators with more than 60 in.-lb. torque capacity shall have a
manual crank.

8. Power Requirements (Two-Position Spring Return): 24-V ac.

. Power Requirements (Modulating): Maximum 10 VA at 24-V ac or 8 W at 24-V dc.

10. Proportional Signal: 2-to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position feedback
signal.

11. Temperature Rating: 40 to 104 deg F, unless used for outdoor applications.

12. Temperature Rating (Smoke Dampers): Minus 22 to plus 250 deg F.

13. Run Time: 12 seconds open, 5 seconds closed.

CONTROL VALVES

Manufacturers:

1. Danfoss Inc.; Air Conditioning & Refrigeration Div.

2. Erie Controls.

3. Hayward Industrial Products, Inc.

4. Magnatrol Valve Corporation.

5. Neles-Jamesbury.

6. Parker Hannifin Corporation; Skinner Valve Division.

7. Pneuline Controls.
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8. Sauter Controls Corporation.

B. Control Valves: Factory fabricated, of type, body material, and pressure class based on
maximum pressure and temperature rating of piping system, unless otherwise indicated.
C. Hydronic system globe valves shall have the following characteristics:

1. NPS 2 and Smaller: Class 125 bronze body, bronze trim, rising stem, renewable
composition disc, and screwed ends with backseating capacity repackable under pressure.

2. NPS 2-1/2 and Larger: Class 125 iron body, bronze trim, rising stem, plug-type disc,
flanged ends, and renewable seat and disc.

3. Internal Construction: Replaceable plugs and stainless-steel or brass seats.

a. Single-Seated Valves: Cage trim provides seating and guiding surfaces for plug
on top and bottom.

b. Double-Seated Valves: Balanced plug; cage trim provides seating and guiding
surfaces for plugs on top and bottom.

4. Sizing: 3-psig maximum pressure drop at design flow rate or the following:

a. Two Position: Line size.

b. Two-Way Modulating: Either the value specified above or twice the load
pressure drop, whichever is more.

c. Three-Way Modulating: Twice the load pressure drop, but not more than value
specified above.

5. Flow Characteristics: Two-way valves shall have equal percentage characteristics; three-
way valves shall have linear characteristics.

6. Close-Off (Differential) Pressure Rating: Combination of actuator and trim shall provide
minimum close-off pressure rating of 150 percent of total system (pump) head for two-
way valves and 100 percent of pressure differential across valve or 100 percent of total
system (pump) head.

D. Terminal Unit Control Valves: Bronze body, bronze trim, two or three ports as indicated,
replaceable plugs and seats, and union and threaded ends.

1. Rating: Class 125 for service at 125 psig and 250 deg F operating conditions.

2. Sizing: 3-psig maximum pressure drop at design flow rate, to close against pump shutoff
head.

3. Flow Characteristics: Two-way valves shall have equal percentage characteristics; three-
way valves shall have linear characteristics.

E. Self-Contained Control Valves: Bronze body, bronze trim, two or three ports as indicated,
replaceable plugs and seats, and union and threaded ends.

1. Rating: Class 125 for service at 125 psig and 250 deg F operating conditions.

2. Thermostatic Operator: Liquid-filled remote sensor with integral adjustable dial.

2.14 DAMPERS
A. Manufacturers:

1. Air Balance Inc.

2. Don Park Inc.; Autodamp Div.

3. TAMCO (T. A. Morrison & Co. Inc.).

4. United Enertech Corp.

5. Vent Products Company, Inc.

CPL
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Dampers: AMCA-rated, parallel and opposed-blade design; 0.108-inch- minimum thick,
galvanized-steel or 0.125-inch- minimum thick, extruded-aluminum frames with holes for duct
mounting; damper blades shall not be less than 0.064-inch- thick galvanized steel with maximum
blade width of 8 inches and length of 48 inches. Blades shall be airfoil type suitable for wide-
open face velocity of 2000 fpm.

1. Provide parallel blade design for two-position applications.
2. Provide opposed-blade design for modulating applications.
3. Secure blades to 1/2-inch- diameter, zinc-plated axles using zinc-plated hardware, with

oil-impregnated sintered bronze blade bearings, blade-linkage hardware of zinc-plated
steel and brass, ends sealed against spring-stainless-steel blade bearings, and thrust
bearings at each end of every blade.

4. Operating Temperature Range: From minus 40 to plus 200 deg F.
5. Edge Seals, Standard Pressure Applications: Closed-cell neoprene.
6. Edge Seals, Low-Leakage Applications: Use inflatable blade edging or replaceable

rubber blade seals and spring-loaded stainless-steel side seals, rated for leakage at less
than 10 cfim per sq. ft. of damper area, at differential pressure of 4-inch wg when damper
is held by torque of 50 in. x 1bf; when tested according to AMCA 500D.

7. Sections: Damper sections shall not exceed 48 in. x 60 in. Each section shall have at
least one damper actuator.

8. Linkages: Dampers shall have exposed linkages.

CONTROL CABLE

Electronic and fiber-optic cables for control wiring are specified in Section 271500
"Communications Horizontal Cabling."

PART 3 - EXECUTION
EXAMINATION
Verify that conditioned power supply is available to control units and operator workstation.
INSTALLATION

Install software in control units and operator workstation. Implement all features of programs to
specified requirements and as appropriate to sequence of operation.

Connect and configure equipment and software to achieve sequence of operation specified.
Verify location of thermostats, humidistats, and other exposed control sensors with Drawings and
room details before installation. Install wall-mounted devices 60 inches above the floor.

1. Install averaging elements in ducts and plenums in crossing or zigzag pattern.

Install guards on thermostats in the following locations:

1. Entrances.
2. Public areas.
3. Where indicated.

Install automatic dampers according to Section 233300 "Air Duct Accessories."
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F. Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor
temperatures.
G. Install labels and nameplates to identify control components according to Section 230553
"Identification for HVAC Piping and Equipment."
H. Install hydronic instrument wells, valves, and other accessories according to Section 232116
Hydronic Piping Specialties."
L Install refrigerant instrument wells, valves, and other accessories according to Section 232300
"Refrigerant Piping."
J. Install duct volume-control dampers according to Section 233113 "Metal Ducts".
K. Install electronic and fiber-optic cables according to Section 271500 "Communications
Horizontal Cabling."
33 ELECTRICAL WIRING AND CONNECTION INSTALLATION
A. Install raceways, boxes, and cabinets according to Section 260533 "Raceways and Boxes for
Electrical Systems."
B. Install building wire and cable according to Section 260519 "Low-Voltage Electrical Power
Conductors and Cables."
C. Install signal and communication cable according to Section 271500 "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.
34 FIELD QUALITY CONTROL
A. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect field-
assembled components and equipment installation, including connections, and to assist in field
testing. Report results in writing.
CPL 07/25/2022
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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. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest
until no leaks exist.

4. Test calibration of controllers by disconnecting input sensors and stimulating operation
with compatible signal generator.

5. Test each point through its full operating range to verify that safety and operating control
set points are as required.

6. Test each control loop to verify stable mode of operation and compliance with sequence
of operation. Adjust PID actions.

7. Test each system for compliance with sequence of operation.

8. Test software and hardware interlocks.

DDC Verification:

1. Verify that instruments are installed before calibration, testing, and loop or leak checks.

2. Check instruments for proper location and accessibility.

3. Check instrument installation for direction of flow, elevation, orientation, insertion depth,
and other applicable considerations.

4. Check instrument tubing for proper fittings, slope, material, and support.

5. Check flow instruments. Inspect tag number and line and bore size, and verify that inlet
side is identified and that meters are installed correctly.

6. Check pressure instruments, piping slope, installation of valve manifold, and self-
contained pressure regulators.

7. Check temperature instruments and material and length of sensing elements.

8. Check control valves. Verify that they are in correct direction.

9. Verify that pressure gages are provided and that proper blade alignment, either parallel or
opposed, has been provided.

10. 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.

Replace damaged or malfunctioning controls and equipment and repeat testing procedures.

ADJUSTING

Calibrating and Adjusting:

1.
2.

3.

Calibrate instruments.

Make three-point calibration test for both linearity and accuracy for each analog
instrument.

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.

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.
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c. Check digital inputs using jumper wire.
d. Check digital outputs using ohmmeter to test for contact making or breaking.
e. Check resistance temperature inputs at 0, 50, and 100 percent of span using a
precision-resistant source.
5. Flow:
a. Set differential pressure flow transmitters for 0 and 100 percent values with 3-
point calibration accomplished at 50, 90, and 100 percent of span.
b. Manually operate flow switches to verify that they make or break contact.
6. Pressure:
a. Calibrate pressure transmitters at 0, 50, and 100 percent of span.
b. Calibrate pressure switches to make or break contacts, with adjustable
differential set at minimum.

7. Temperature:

a. Calibrate resistance temperature transmitters at 0, 50, and 100 percent of span
using a precision-resistance source.
b. Calibrate temperature switches to make or break contacts.

8. Stroke and adjust control valves and dampers without positioners, following the
manufacturer's recommended procedure, so that valve or damper is 100 percent open and
closed.

9. Stroke and adjust control valves and dampers with positioners, following manufacturer's
recommended procedure, so that valve and damper is 0, 50, and 100 percent closed.

10. Provide diagnostic and test instruments for calibration and adjustment of system.

11. Provide written description of procedures and equipment for calibrating each type of
instrument. Submit procedures review and approval before initiating startup procedures.

B. Adjust initial temperature and humidity set points.

C. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion,
provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to
three visits to Project during other than normal occupancy hours for this purpose.

3.6 TRAINING

A. Provide training for a designated staff of Owner's representatives. Training shall be provided via
classroom and on-site training. Training shall be tailored to Owner’s requirements.

B. Provide Owner training for the equivalent of 10 hours each for 3 persons.

C. Training shall enable students to accomplish the following objectives.

D. Proficiently operate the equipment. Instructors shall be factory-trained and experienced in

CPL

presenting this material.

END OF SECTION 230900
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SECTION 230993 - SEQUENCE OF OPERATIONS FOR HVAC CONTROLS

PART 1 - GENERAL

1.1 SUMMARY
A. This Section includes control sequences for HVAC systems, subsystems and equipment.

B. All units shall be added to the to the existing Siemens building control system, field verify
existing sequence of operation.

C. Assign each RTU/AHU a stagger start number to keep too many units from starting at the same
time. In effect, this flattens load peaks. This includes start-up on emergency power.

1.2 DEFINITIONS
A. BMS: Building Management System.

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1 HVAC CONTROL SEQUENCES
A. All set points shall be adjustable.
B. Coordinate with Owner on required system alarms.
C. Obtain building occupancy schedules from Owner.
D. Roof Top Unit (RTU-1&2) and associated space equipment and ductwork system:
1. All Occupied Modes:
a. Unit Supply Fan:
1) Run continuously.
b. Unit Exhaust Fan:
1) Run continuously.
2. Occupied Heating Mode — space temperature below set point.
a. Heating coil HC-1/2 (Above the ceiling in the associated space): Modulate coil
control valve (CV) to maintain space temperature set point.
b. Space Temperature Set Points:
1) Heating = 69 degrees (adjustable).
c. LAT Temperature Set Points:
1) Minimum temperature reset schedule:
I. 65 degree LAT at 0 degree OAT.
il. 55 degree LAT at 55 degree OAT.
d. Heat exchanger face and bypass damper: Modulate damper as recommended by
the unit manufacturer for the heat exchanger defrost cycle.
3. Occupied Cooling Mode — space temperature below set point. — where applicable
a. Unit mounted DX cooling coil: Modulate DX compressor to maintain space
temperature set point.
b. Space Temperature Set Points:
1)  Cooling =75 degrees (adjustable).
c. LAT Temperature Set Points:

1)  Cooling =55 degree LAT at 88 degree OAT

CPL
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4. Occupied Economizer Cooling Mode — when there is call for cooling and the outdoor air
temperature is below the space temperature.
a. Economizer cooling set point: 74°F.
5. All Unoccupied Modes:
a. Space Temperature Set Points:
1) Heating = 60 degrees.
2) Cooling = 85 degrees.
3) There shall be a 5 degree deadband for heating and cooling set points.
b. Heating Coil HC-1/2 (Above the ceiling in the associated space):
1) All same as occupied mode with following exceptions:
a) Enable and disable unit only to meet temperature set point.
b) Disable exhaust fan.
c) Open recirculation damper.
6. Warm-up Mode.:
a. All units shall start per optimum start program.
1) Optimum start duration shall be determined based on outside air
temperature.
2) During the optimum start period, the heating set-point shall be linearly
ramped up from unoccupied heating set-point to occupied heating set point.
b. Systems shall operate as described in unoccupied heating mode with temperature
set point equal to occupied mode.
7. Alarms — Provide an alarm for each of the following:
a. Fan motor failures.
b. Discharge Air Temperature low/high limits.
c. Space Temperature low/high limits +/-5°F.
d. VFD Fault.
E. AHU-1 and associated space equipment and ductwork system:
1. All Occupied Modes:
a. Unit Supply Fan:
1) Run continuously.
b. Unit Exhaust Fan:
1) Run continuously.
2. Occupied Heating Mode —space temperature below set point.
a. Heating coil: Modulate hot water heating coil control valve (CV) to maintain
space temperature set point.
b. Space Temperature Set Points:
1) Heating = 69 degrees (adjustable).
c. LAT Temperature Set Points:
2)Minimum temperature reset schedule:
i. 65 degree LAT at 0 degree OAT.
ii. 55 degree LAT at 55 degree OAT.
3. Occupied Cooling Mode — space temperature below set point. — where applicable
a. Unit mounted DX cooling coil: Modulate DX compressor to maintain space
temperature set point.
b. Space Temperature Set Points:
1) Cooling = 75 degrees (adjustable).
c. LAT Temperature Set Points:
1)  Cooling =55 degree LAT at 88 degree OAT
4. Occupied Economizer Cooling Mode — when there is call for cooling and the outdoor air
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a. Economizer cooling set point: 74°F.
5. All Unoccupied Modes:
a. Space Temperature Set Points:

1) Heating = 60 degrees.
2) Cooling = 85 degrees.
3) There shall be a 5 degree deadband for heating and cooling set points.
b. Heating Coil:
1) All same as occupied mode with following exceptions:
a) Enable and disable unit only to meet temperature set point.
b) Disable exhaust fan.
c) Open recirculation damper.

6. Warm-up Mode.:
a. All units shall start per optimum start program.
1) Optimum start duration shall be determined based on outside air
temperature.

2) During the optimum start period, the heating set-point shall be linearly
ramped up from unoccupied heating set-point to occupied heating set point.

b. Systems shall operate as described in unoccupied heating mode with temperature
set point equal to occupied mode.
7. Alarms — Provide an alarm for each of the following:
a. Fan motor failures.
b. Discharge Air Temperature low/high limits.
c. Space Temperature low/high limits +/-5°F.
d. VFD Fault.
F. Rooftop Unit with energy recovery and associated space equipment and ductwork system- KE-
MAU-1:
1. All Occupied Modes:
a. RTU Supply Fan:

1) Enable when kitchen hood exhaust fan, KEF-1 is energized.
2)  Disable when kitchen hood exhaust fan, KE-1 is de-energized.
b. General kitchen Exhaust fan KEF-1:
1) Occupied mod:
a) Start and stop via pushbutton switch
b) Switch shall be lit green during run mode and red on off mode.

2. Occupied Heating Mode —space temperature below set point.
a. Modulate electric coil control to maintain space temperature set point.
b. Space Temperature Set Points:
1) Heating = 69 degrees (adjustable).
c. LAT Temperature Set Points:
3) Minimum temperature reset schedule:
1. 65 degree LAT at 0 degree OAT.
ii. 55 degree LAT at 55 degree OAT.
3. Occupied Cooling Mode — space temperature below set point. — where applicable
a. Unit mounted DX cooling coil: Modulate DX compressor to maintain space
temperature set point.
b. Space Temperature Set Points:
1) Cooling =75 degrees (adjustable).
c. LAT Temperature Set Points:
4) Cooling = 55 degree LAT at 88 degree OAT.
4. Alarms — Provide an alarm for each of the following:
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a. Fan motor failures.
b. Discharge Air Temperature low/high limits.
c. Space Temperature low/high limits +/-5°F.
d. VFD Fault.
G. Exhaust Fan (EF- 1,2,3,4):
1. All Occupied Modes:
a. Unit Fan:
1)  Run continuously.
2. All Unoccupied Modes:
a. Unit Fan:

1)  Run continuously.

SECTION 230993
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231000 — VARIABLE TORQUE AC DRIVE CONTROLLERS

PART 1 - GENERAL

WORK INCLUDED

Variable Frequency Drives (VFD).

Furnish all labor, materials, equipment and service to perform all operations required for the
complete installation and related work as required in all contract documents.

SUBMITTALS

Submit manufacturer's product data, shop drawings, and installation instructions in accordance with
the general conditions.

Contract Closeout Reports.
Operation and Maintenance Data.
Contract Closeout Reports.

Warranty Information.

QUALITY ASSURANCE

The VFD manufacturer shall furnish a Variable Frequency drive that is compatible with motor
meeting NEMA MGI part 31.

The manufacturer of the VFD described in this specification shall have a minimum of twenty (20)
years experience in the design, construction and application of adjustable frequency drives.

The VFD manufacturer shall perform, but not be limited to, the following quality assurance
controls, procedures and tests to insure VFD performance of ALL manufactured VFD controllers:

L. Circuit Testing:
a. All circuits are pre-burned tested for in-circuit component parameters and
functional performance.
b. All burned-in circuits are tested for functional performance post-burn.
2. Hipot Testing:
a. Post-assembly, all drives are subjected to high potential testing at 2,500 VAC, for
1 second.
3. Drive Setup and Functional Tests:
a. SET-UP: the following VFD variables are factory set prior to shipping:

1)  Acceleration ramp
2) Deceleration ramp
3) MIN and MAX Speed
4) Current limit
b. FINAL TEST: the following VFD functional checks are made and verified prior
to shipping:
1)  Fault and Function-loss circuit operation
2)  Auto-reset function
3) Load test using an actual motor at full speed
4) Hand/off/auto operation
5) Bypass operation (if applicable)

CODES AND STANDARDS

Referenced Standards and Guidelines:
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I. Institute of Electrical and Electronic Engineers (IEEE)
a. IEEE 519-2014, Guide for Harmonic Content and Control.
2. Underwriters Laboratories (as appropriate)
a. UL508
b. UL508A
c. UL508C
3. National Electrical Manufacturer’s Association (NEMA)
a. ICS 7.0, AC Adjustable Speed Drives
4, International Electrotechnical Commission (IEC)
a. EN/IEC 61800-3
5. National Electric Code (NEC)
a. NEC 430.120, Adjustable-Speed Drive Systems
6. International Building Code (IBC)
a. IBC 2012 Seismic — referencing ASC 7-05 and ICC AC-156

CPL

PART 2 - PRODUCTS

ACCEPTABLE MANUFACTURERS

Alternate manufacturer’s requests must be submitted in writing to the Engineer for approval at least
20 working days prior to bid. Approval does not relieve the supplier of specification requirements.

1. ABB (ACH Series) (Basis of Design)
2. Yaskawa (Z1000 Series)

3. Square-D (E-Flex Series)
GENERAL

The VFD shall provide full rated output from a line of +10% of nominal voltage. The VFD shall
continue to operate without faulting from a line of +30% to -35% of nominal voltage.

1. VFDs shall be capable of continuous full load operation under the following environmental
operating conditions:
a. -15t040° C (5 to 104° F) ambient temperature. Operation to 50° C shall be allowed
with a 10% reduction from VFD full load current.
b. Altitude 0 to 3300 feet above sea level. Operation to 6600 shall be allowed with a
10% reduction from VFD full load current.
c. Humidity less than 95%, non-condensing.
2. The overload rating of the drive shall be 110% of its normal duty current rating for 1 minute

every 10 minutes, 130% overload for 2 seconds every minute. The minimum FLA rating
shall meet or exceed the values in the NEC/UL table 430.250 for 4-pole motors.

3. VFD’s shall consist of a pulse width modulated (PWM) inverter designed for use with a
standard NEMA Design induction motor.
4. Motors mounted more than 100 feet from the motor require output filtering. Both Drive

and Motor shall comply with NEMA MG section 30.40.4.2 which specifies the limits of
peak maximum voltage.

DRIVE FUNCTION

All VFDs shall have the following standard features:

1. All circuit boards shall be coated to protect against corrosion.

2. All VFDs shall have the same customer interface, including digital display, and keypad,
regardless of horsepower rating. The keypad shall be removable, capable of remote
mounting and allow for uploading and downloading of parameter settings as an aid for
start-up of multiple VFDs.
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3. The keypad shall include Hand-Off-Auto selections and manual speed control. The drive
shall incorporate “bumpless transfer” of speed reference when switching between “Hand”
and “Auto” modes. There shall be fault reset and “Help” buttons on the keypad. The Help
button shall include “on-line” assistance for programming and troubleshooting.

4. The VFD shall have cooling fans that are designed for easy replacement. The fans shall be
designed for replacement without requiring removing the VFD from the wall or removal
of circuit boards. The VFD cooling fans shall operate only when required, based on the
temperature of and run command to the drive. VFD protection shall be based on thermal
sensing and not cooling fan operation.

5. The VFD shall be capable of starting into a coasting load (forward or reverse) up to full
speed and accelerate or decelerate to set point without tripping or component damage
(flying start).

6. The VFD shall have the ability to automatically restart after an over-current, over-voltage,

under-voltage, or loss of input signal protective trip. The number of restart attempts, trial
time, and time between attempts shall be programmable.

The Keypad shall include a backlit LCD display. The display shall be in complete English words
for programming and fault diagnostics (alpha-numeric codes are not acceptable). Keypad shall
digitally indicate:

1 Frequency output

2 Voltage output

3 Current output

4 Motor RPM

5. Input kW

6. Elapsed Time

7 Time Stamped Fault Indication
8 DC Bus Voltage

S

1

erial Communications:
. The VFD shall have an EIA-485 port as standard. The standard protocols shall be Modbus,
Johnson Controls N2, and BACnet.
2. Serial communication in bypass mode (if bypass is specified) shall include the above.

PROTECTIVE FEATURES:

VFDs shall have 5% impedance from dual (positive and negative) DC bus chokes, or 5% AC line
reactors. VFD’s with only one DC choke are not acceptable.

The VFD shall include a coordinated AC transient surge protection system consisting of 4 MOV's
(phase to phase and phase to ground), a capacitor clamp, 1600 PIV Diode Bridge and internal
chokes. The MOV’s shall have a minimum 125 joule rating per phase across the diode bridge.
VFDs that do not include coordinated AC transient surge protection shall include an external TVSS
(Transient Voltage Surge Suppressor).

EMI / RFI filters. All VFD’s shall include EMI/RFI filters. The onboard filters shall allow the
VFD assembly to be CE Marked and the VFD shall meet product standard EN 61800-3 for the First
Environment restricted level (Category C2) with up to 100 feet of motor cable.

The VFD shall include the following protective circuits and features:
Motor current exceeds 200% of drive continuous current rating.
Output phase-to-phase short circuit condition.

Total ground fault under any operating condition.

High input line voltage.

Low input line voltage.

Loss of input or output phase.

AN S e
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7. External fault. (This protective circuit shall permit wiring of remote N.C. safety contact to
shut down the drive). User supplied end switches, thermal switches, fire-stats, freeze-stats
inputs will be connected to this VFD supplied circuit.

GENERAL OPTIONS AND MODIFICATIONS
The following options shall be included as specified:

1. VFDs and options shall be UL508 listed as a complete assembly. The base VFD shall be
UL listed for 100 kA SCCR without the need for external input fuses.

2. A main input disconnect shall mount within the standard UL Type 1 enclosure for positive
power disconnect of the VFD. It shall have the capability for door padlocking.

3. At minimum VFDs shall have 5% impedance from dual (positive and negative) DC bus

chokes, or 5% AC line reactors. Add additional filtering as required to meet IEEE519-
2014. A computer aided analysis should be performed by the contractor prior to
submissions to show compliance with IEEE519-2014.

Bypass (if required)
1. Bypasses shall be furnished and mounted within the standard UL Type 1 enclosure.
2. A complete factory wired and tested bypass system consisting of:
a. VED output contactor.
b. Bypass contactor.
c. Fast acting VFD input fuses.
d Drive Service Switch capable of removing VFD input power for the purpose of

VFD servicing while maintaining bypass operation.

3. The bypass system shall be designed for stand-alone operation and shall be completely
functional in both Hand and Automatic modes even if the VFD has been removed from the
system for repair / replacement. Serial communications shall remain functional even with
the VFD removed. Bypass systems that do not maintain full functionality with the drive
removed are not acceptable.

PART 2 - EXECUTION

INSTALLATION
VFD’s shall be furnished and programmed by the MC.

The VFD manufacturer shall maintain and staff local service engineers and must maintain a
reasonable supply of spare parts for the VFD's to meet ordinary repair requirements within 100
miles of the installation site. Warehousing of spare parts shall be open to the Engineer for
observation.

The manufacturer of the equipment provided shall warrant his equipment against defects in
workmanship and parts failure for 30-months from date of start-up. This warranty shall cover all
parts, labor and travel related expenses.

The contractor shall utilize the field bus for serial communication between the Variable Frequency
Drive (VFD) and the Building Management System (BMS).

END OF SECTION 231000
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SECTION 232113 - HYDRONIC PIPING
PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes pipe and fitting materials and joining methods for the following:
1. Hot-water heating piping.

2. Condensate-drain piping.

ACTION SUBMITTALS

Product Data: For each type of the following:

1. Plastic pipe and fittings with solvent cement.

2 RTRP and RTRF with adhesive.

3. Pressure-seal fittings.

4 Chemical treatment.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Piping layout, drawn to scale, on which the following items are shown
and coordinated with each other, using input from installers of the items involved:

1. Suspended ceiling components.
2. Other building services.
3. Structural members.

Qualification Data: For Installer.
Welding certificates.
Field quality-control reports.

Water Analysis: Submit a copy of the water analysis to illustrate water quality available at
Project site.

QUALITY ASSURANCE

Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M,
"Structural Welding Code - Steel."

Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure Vessel
Code: Section IX.

1. Comply with ASME B31.9, "Building Services Piping," for materials, products, and
installation.
2. Certify that each welder has passed AWS qualification tests for welding processes

involved and that certification is current.
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PART 2 - PRODUCTS

PERFORMANCE REQUIREMENTS

Hydronic piping components and installation shall be capable of withstanding the following
minimum working pressure and temperature unless otherwise indicated:

1. Hot-Water Heating Piping: 150 psig at 200 deg F.

2. Condensate-Drain Piping: 150 deg F

COPPER TUBE AND FITTINGS

Drawn-Temper Copper Tubing: ASTM B 88, Type L
Annealed-Temper Copper Tubing: ASTM B 88, Type K.
DWYV Copper Tubing: ASTM B 306, Type DWV.
Wrought-Copper Unions: ASME B16.22.

STEEL PIPE AND FITTINGS

Steel Pipe: ASTM A 53/A 53M, black steel with plain ends; welded and seamless, Grade B, and
wall thickness as indicated in "Piping Applications" Article.

Cast-Iron Threaded Fittings: ASME B16.4; Classes 125 and 250 as indicated in "Piping
Applications" Article.

Malleable-Iron Threaded Fittings: ASME B16.3, Classes 150 and 300 as indicated in "Piping
Applications" Article.

Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in "Piping
Applications" Article.

Cast-Iron Pipe Flanges and Flanged Fittings: ASME B16.1, Classes 25, 125, and 250; raised
ground face, and bolt holes spot faced as indicated in "Piping Applications" Article.

Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe.

Wrought Cast- and Forged-Steel Flanges and Flanged Fittings: ASME B16.5, including bolts,
nuts, and gaskets of the following material group, end connections, and facings:

1. Material Group: 1.1.

2. End Connections: Butt welding.

3. Facings: Raised face.

Steel Pipe Nipples: ASTM A 733, made of same materials and wall thicknesses as pipe in which
they are installed.

JOINING MATERIALS

Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system
contents.
1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless
otherwise indicated.
a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.

Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.
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C. Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to
ASTM B 813.
D. Brazing Filler Metals: AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for joining
copper with copper; or BAg-1, silver alloy for joining copper with bronze or steel.
E. Welding Filler Metals: Comply with AWS D10.12M/D10.12 for welding materials appropriate
for wall thickness and chemical analysis of steel pipe being welded.
F. Gasket Material: Thickness, material, and type suitable for fluid to be handled and working
temperatures and pressures.
2.5 DIELECTRIC FITTINGS
A. General Requirements: Assembly of copper alloy and ferrous materials with separating
nonconductive insulating material. Include end connections compatible with pipes to be joined.
B. Dielectric Unions:
1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. A.Y. McDonald Mfg. Co.
b. Capitol Manufacturing Company.
c. Central Plastics Company.
d. Hart Industries International, Inc.
e. Jomar International Ltd.
f. Matco-Norca.
g. Watts Regulator Co.
h. Zurn Industries, LLC.
2. Description:
a. Standard: ASSE 1079.
b. Pressure Rating: 250 psig
c. End Connections: Solder-joint copper alloy and threaded ferrous.
C. Dielectric Flanges:
1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Capitol Manufacturing Company.
b. Central Plastics Company.
c. Matco-Norca.
d. Watts Regulator Co.
e. Zurn Industries, LLC.
2 Description:
a. Standard: ASSE 1079.
b. Factory-fabricated, bolted, companion-flange assembly.
c. Pressure Rating 300 psig
d. End Connections: Solder-joint copper alloy and threaded ferrous; threaded
solder-joint copper alloy and threaded ferrous.
D. Dielectric-Flange Insulating Kits:

CPL

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Central Plastics Company.
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d. Pipeline Seal and Insulator, Inc.
2. Description:
a. Nonconducting materials for field assembly of companion flanges.
b. Pressure Rating: 300 psig
c. Gasket: Neoprene or phenolic.
d. Bolt Sleeves: Phenolic or polyethylene.
e. Washers: Phenolic with steel backing washers.
E. Dielectric Nipples:
1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Elster Perfection.
b. Grinnell Mechanical Products.
C. Matco-Norca.
d. Precision Plumbing Products, Inc.
e. Victaulic Company.
2 Description:
a. Standard: IAPMO PS 66.
b. Electroplated steel nipple, complying with ASTM F 1545.
c. Pressure Rating: 300 psig at 225 deg F.
d. End Connections: Male threaded or grooved.
e. Lining: Inert and noncorrosive, propylene.
PART 3 - EXECUTION
3.1 PIPING APPLICATIONS
A. Hot-water heating piping, aboveground, NPS 2 and smaller, shall be the following:
1. Type L drawn-temper copper tubing, wrought-copper fittings, and soldered joints.
B. Hot-water heating piping, aboveground, NPS 2-1/2 and larger range, shall be the following:
1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges
and flange fittings, and welded and flanged joints.
C. Hot-water heating piping installed belowground and within slabs shall be the following:
1. Type K, annealed-temper copper tubing, wrought-copper fittings, and soldered joints.
Use the fewest possible joints.
D. Condensate-Drain Piping: Type DWV, drawn-temper copper tubing, wrought-copper fittings,
and soldered joints or Schedule 40 PVC plastic pipe and fittings and solvent-welded joints.
E. Condensate-Drain Piping: Schedule 40 PVC plastic pipe and fittings and solvent-welded joints.
3.2 PIPING INSTALLATIONS
A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping
systems. Install piping as indicated unless deviations to layout are approved on Coordination
Drawings.
B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms
and service areas.
C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right

CPL

angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated
otherwise.
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Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

Install piping to permit valve servicing.

Install piping at indicated slopes.

Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.

Install piping to allow application of insulation.

Select system components with pressure rating equal to or greater than system operating pressure.

Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing
of valves.

Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple
with cap, at low points in piping system mains and elsewhere as required for system drainage.

Install piping at a uniform grade of 0.2 percent upward in direction of flow.
Reduce pipe sizes using eccentric reducer fitting installed with level side up.

Install branch connections to mains using tee fittings in main pipe, with the branch connected to
the bottom of the main pipe. For up-feed risers, connect the branch to the top of the main pipe.

Install valves according to Section 230523 "General-Duty Valves for HVAC Piping."

Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment,
and elsewhere as indicated.

Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere
as indicated.

Install shutoff valve immediately upstream of each dielectric fitting.

Comply with requirements in Section 230516 "Expansion Fittings and Loops for HVAC Piping"
for installation of expansion loops, expansion joints, anchors, and pipe alignment guides.

Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment"
for identifying piping.

Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements
for sleeves specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."

Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for HVAC
Piping."

Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC Piping."
DIELECTRIC FITTING INSTALLATION

Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.

Dielectric Fittings for NPS 2 and Smaller: Use dielectric unions.

Dielectric Fittings for NPS 2-1/2 to NPS 4: Use dielectric flanges.

Dielectric Fittings for NPS 5 and Larger: Use dielectric flange kits.
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34 HANGERS AND SUPPORTS
A. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and

CPL

Equipment" for hanger, support, and anchor devices. Comply with the following requirements
for maximum spacing of supports.

Comply with requirements in Section 230548 "Vibration and Seismic Controls for HVAC" for
seismic restraints.

Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.

2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or
longer.

3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer,
supported on a trapeze.

4. Spring hangers to support vertical runs.

5. Provide copper-clad hangers and supports for hangers and supports in direct contact with
copper pipe.

6. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger from

scratching pipe.

Install hangers for steel piping with the following maximum spacing and minimum rod sizes:
NPS 3/4: Maximum span, 7 feet.

NPS 1: Maximum span, 7 feet.

NPS 1-1/2: Maximum span, 9 feet.

NPS 2: Maximum span, 10 feet.

NPS 2-1/2: Maximum span, 11 feet.

NPS 3 and Larger: Maximum span, 12 feet.

ANl ol e

Install hangers for drawn-temper copper piping with the following maximum spacing and
minimum rod sizes:

1. NPS 3/4: Maximum span, 5 feet; minimum rod size, 1/4 inch.

NPS 1: Maximum span, 6 feet; minimum rod size, 1/4 inch.

NPS 1-1/4: Maximum span, 7 feet; minimum rod size, 3/8 inch.

NPS 1-1/2: Maximum span, 8 feet; minimum rod size, 3/8 inch.

NPS 2: Maximum span, 8 feet; minimum rod size, 3/8 inch.

NPS 2-1/2: Maximum span, 9 feet; minimum rod size, 3/8 inch.

NPS 3 and Larger: Maximum span, 10 feet; minimum rod size, 3/8 inch.

Nowunbkwn

Support vertical runs at roof, at each floor, and at 8-foot intervals between floors.

PIPE JOINT CONSTRUCTION
Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.
Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.

Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube
end. Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-
free solder alloy complying with ASTM B 32.

Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube"
Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8/A5.8M.
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Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads
full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID.
Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal
threading is specified.
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or

damaged. Do not use pipe sections that have cracked or open welds.

Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified processes
and welding operators according to "Quality Assurance" Article.

Flanged Joints: Select appropriate gasket material, size, type, and thickness for service
application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.

Mechanically Formed, Copper-Tube-Outlet Joints: Use manufacturer-recommended tool and
procedure, and brazed joints.
TERMINAL EQUIPMENT CONNECTIONS

Sizes for supply and return piping connections shall be the same as or larger than equipment
connections.

Install control valves in accessible locations close to connected equipment.

Install bypass piping with globe valve around control valve. If parallel control valves are
installed, only one bypass is required.

Install ports for pressure gages and thermometers at coil inlet and outlet connections. Comply
with requirements in Section 230519 "Meters and Gages for HVAC Piping."

FIELD QUALITY CONTROL

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.

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.

Isolate expansion tanks and determine that hydronic system is full of water.

4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the
system's working pressure, but not less than 100 psig. 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

W
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specified minimum yield strength or 1.7 times the "SE" value in Appendix A in
ASME B31.9, "Building Services Piping."

5. After hydrostatic test pressure has been applied for at least 15 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.

CPL

END OF SECTION 232113
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SECTION 232116 - HYDRONIC PIPING SPECIALTIES

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes special-duty valves and specialties for the following:
1. Hot-water heating piping.
2. Condensate-drain piping.

ACTION SUBMITTALS

Product Data: For each type of the following:

1. Valves: Include flow and pressure drop curves based on manufacturer's testing for
calibrated-orifice balancing valves and automatic flow-control valves.

2. Air-control devices.

3. Hydronic specialties.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For air-control devices, hydronic specialties, and special-duty
valves to include in emergency, operation, and maintenance manuals.

MAINTENANCE MATERIAL SUBMITTALS

Differential Pressure Meter: For each type of balancing valve and automatic flow control valve,
include flowmeter, probes, hoses, flow charts, and carrying case.

QUALITY ASSURANCE

Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure Vessel

Code: Section IX.

1. 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 1.

PART 2 - PRODUCTS

PERFORMANCE REQUIREMENTS

Hydronic piping components and installation shall be capable of withstanding the following
minimum working pressure and temperature unless otherwise indicated:

Hot-Water Heating Piping: 150 psig at 200 deg F

Makeup-Water Piping: 80 psig at 150 deg F

Condensate-Drain Piping: 150 deg F

Blowdown-Drain Piping: 200 deg F

Air-Vent Piping: 200 deg F

Safety-Valve-Inlet and -Outlet Piping: Equal to the pressure of the piping system to
which it is attached.

ANl o e
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2.2 VALVES
A. Gate, Globe, Check, Ball, and Butterfly Valves: Comply with requirements specified in
Section 230523 "General-Duty Valves for HVAC Piping."
B. Automatic Temperature-Control Valves, Actuators, and Sensors: Comply with requirements
specified in Section 230900 "Instrumentation and Control for HVAC."
C. Bronze, Calibrated-Orifice, Balancing Valves:
1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Armstrong Pumps, Inc.
b. Bell & Gossett Domestic Pump.
c. Flow Design Inc.
d. Gerand Engineering Co.
e. Griswold Controls.
f. Nexus Valve, Inc.
g. Taco.
h. Tour & Andersson.
2. Body: Bronze, ball or plug type with calibrated orifice or venturi.
3. Ball: Brass or stainless steel.
4. Plug: Resin.
5. Seat: PTFE.
6. End Connections: Threaded or socket.
7. Pressure Gage Connections: Integral seals for portable differential pressure meter.
8. Handle Style: Lever, with memory stop to retain set position.
9. CWP Rating: Minimum 125 psig.
10. Maximum Operating Temperature: 250 deg F.
D. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves:

CPL

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Armstrong Pumps, Inc.

Bell & Gossett Domestic Pump.

Flow Design Inc.

Gerand Engineering Co.

Griswold Controls.

Taco.

g. Tour & Andersson.

Body: Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice or

venturi.

Ball: Brass or stainless steel.

Stem Seals: EPDM O-rings.

Disc: Glass and carbon-filled PTFE.

Seat: PTFE.

End Connections: Flanged or grooved.

Pressure Gage Connections: Integral seals for portable differential pressure meter.

Handle Style: Lever, with memory stop to retain set position.

CWP Rating: Minimum 125 psig.

Maximum Operating Temperature: 250 deg F.
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2.3 HYDRONIC PIPING SPECIALTIES
A. Y-Pattern Strainers:
1. Body: ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection.
2. End Connections: Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and
larger.
3. Strainer Screen: Stainless-steel, 60-mesh strainer, or perforated stainless-steel basket.
4. CWP Rating: 125 psig.
B. Basket Strainers:
1. Body: ASTM A 126, Class B, high-tensile cast iron with bolted cover and bottom drain
connection.
2. End Connections: Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and
larger.
3. Strainer Screen: 60-mesh startup strainer, and perforated stainless-steel basket with 50
percent free area.
4. CWP Rating: 125 psig.
C. T-Pattern Strainers:
1. Body: Ductile or malleable iron with removable access coupling and end cap for strainer
maintenance.
2. End Connections: Grooved ends.
3. Strainer Screen: 60-mesh startup strainer, and perforated stainless-steel basket with 57
percent free area.
4. CWP Rating: 750 psig.
D. Stainless-Steel Bellow, Flexible Connectors:
1. Body: Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing protective
jacket.
2. End Connections: Threaded or flanged to match equipment connected.
3. Performance: Capable of 3/4-inch misalignment.
4. CWP Rating: 150 psig.
5. Maximum Operating Temperature: 250 deg F.
E. Spherical, Rubber, Flexible Connectors:
1. Body: Fiber-reinforced rubber body.
2. End Connections: Steel flanges drilled to align with Classes 150 and 300 steel flanges.
3. Performance: Capable of misalignment.
4. CWP Rating: 150 psig.
5. Maximum Operating Temperature: 250 deg F.
F. Expansion Fittings: Comply with requirements in Section 230516 "Expansion Fittings and Loops
for HVAC Piping."Section 15124 "Expansion Fittings and Loops for HVAC Piping."
PART 3 - EXECUTION
3.1 VALVE APPLICATIONS
A. Install shutoff-duty valves at each branch connection to supply mains and at supply connection to
each piece of equipment.
B. Install calibrated-orifice, balancing valves at each branch connection to return main.
C. Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling terminal.

CPL
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D. Install check valves at each pump discharge and elsewhere as required to control flow direction.

E. Install safety valves at hot-water generators and elsewhere as required by ASME Boiler and
Pressure Vessel Code. Install drip-pan elbow on safety-valve outlet and pipe without valves to
the outdoors; pipe drain to nearest floor drain or as indicated on Drawings. Comply with ASME
Boiler and Pressure Vessel Code: Section VIII, Division 1, for installation requirements.

F. Install pressure-reducing valves at makeup-water connection to regulate system fill pressure.

3.2 HYDRONIC SPECIALTIES INSTALLATION

A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required
for system air venting.

B. Install automatic air vents at high points of system piping in mechanical equipment rooms only.
Install manual vents at heat-transfer coils and elsewhere as required for air venting.

C. Install piping from boiler air outlet, air separator, or air purger to expansion tank with a 2 percent
upward slope toward tank.

D. Install tangential air separator in pump suction. Install blowdown piping with gate or full-port

CPL

ball valve; extend full size to nearest floor drain.

END OF SECTION 232116



ELLENVILLE CSD 2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 REGRI, ERANT PIPIN, 2200 Ul

CPL

SECTION 212100 UREGRI, ERANT PIPIN,

PART 1 U, ENERAL

RELATED DOCUMENTS
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G Gij9m Cs--iolsk:
1. bswh: TOW-Q@ mnsSa 59 Ssdi-v edj9mv [9-iwiBs-QU HEH S eshoiw

gRlioldi (3o)il.
2. E-wCs--10l%-a: Sso)ili-wa.
D Occail PiksR 3-0i: C3g3mi set & ft DW®op t W3fr-t i-1% t 39 ft k(@ opU
-1 3aait mh.

4. PHaafH R319r: QBolsh lial 31t 3G ft c00 ga% .
C. M3ja ft OgiBI9r Tit giBIfH: 2c0wir G

2.2 STEEL PIPE AND FITTINGS

A. SliinP%i: ASTM A cDW& cDMvmBo) aliin5 9p g3% i-waXThgiv, Bw v3-w5 3mlpD)-iaa 3a
ainoliw9 P3H Dg%9 r 3ggrfb31%-a 3H%n a.

b. " BfrplBliin(A19ra: ASTM A 2D4W 2D4Mves F5 11w w(s & la.
SliinGB-ria3-wGB-riw(@19ra: ASME b 16.cvaliiw® onf wo r nsrav- flav3- wr 3a)ilavm didJ
51mW wi-wos--10l%-v3-wB%i weloi .

B. "imr G FMilBm: Cst grth 59p A" SB10.12B10.12M esF5im& r t 3li EBm 3ggk gBBli
esF5 3mlpD)-iaa 3-wopit D3n3-3tha%sealiing®i mor Simiw

E. GB-riw7-%-a
1. bswh: GshiwdliineB-riaesFNPS 11s NPS 1UW 3-wwfol%i ¥5- esFNPS 2 1s NPS D

CPL

Aggrh Hallhi a%l3-1 €9 %p 31 e3ols .
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2. , 3a)il: O F3amalsachi.
D Qali-ik: GsfFgli wldli innsdav5 9p a9fbs- nis-Q -fla. Aggrh Hallhi a%l3-1 €3 %p 31
e3ols .
4. E-wCs--i0l%-a: bBaal39gdoi 3w3gli Fa esFasmwi Ri- wos--10l%-als osggi Flfn$r.
C. Oeceail PiksR 3-0i: C3g3mi set 9% ft DWMPop t Wifr-t i-1% t 39 ft k% opU
s-1 3aait nih.
6. PHaafH R319r: Bolshhlial 31t ¢4 ft 400 ga% .
k. M3j& ft OgiBI9r Tit giBIfH: DO wir G
G Gij9m Cs--iolsk:

CPL

1.

bswh: SI39naaldliin mmsSa 59p Ssdi-v enjmv al3%naaldliids HEHSesfoiw
gBlioldi (3o)il

2. E-wCs--i0l%-a:
3. NPS 2 3-wSt 3mE ' 9p IpH 3wi wi- wos--10l%-a.
m NPS2UW3-wL3KiE ' 9p eB-riwld-wos--io0l%-a.

D Oeceail PiksR 3-0i: C3g3mi set 9% ft D9 op t Wifr-t i-1% t 39 ft k% opU
s-1 3aait nth.

4. PHaafH R319r: Bolshhlial 31t 9% ft c00 ga&.

C. M3j& ft OgiBI9r Tit giBIfH: 2c0wir G

VALVES AND SPECIALTIES

B®BgpBrt P3o)niaa V3nia:

L.

3

N> g —Q TF PO —-T OO RO

bsvwh 3-wbs--il: GHiwnlBaa sFo3al nfs-QXrmsm wia%- 59p alBS plUpBfrp sF
3-rn g3l E.

B®BgpBrt : PpsagpsFnts-Q 3-wal39 niaaaliin5 9p al39 n aaldliinagF-r.

Ogi BISE R%9r alit 3-wp3-wSpiin

Si3l: Nhrs-.

E-wCs--10l%-a: Sso)ilvf-%-vsFeB-riw

" sH9r PHaafH R319r: c00 ga% .

M3j% ft OgiBI9r Tit giBIfH: 2kc wir G

0)iwWA-rn V3ndia:

bswh 3-wbs--il: Ghiwni3aasFo3al nis-Q.

P30)9r: Msmiwalit vnBo) ai3l9 rv3-wH gBoi 3nn f-w Fgh aafR.
Ogi BISE R@%9r alit .

Si3l: Ns-KI319 rvai el - 9 r gsthli IBerfsKilphn-i.

Si3nC3g: Gshiwit3aa sFd3msj pij o3g.

E-wCs--i0l%-a: Sso)ilvf-%-vIpH3wiwsFeB-riw

" sP9r PHaafH R319r: c00 ga%.

M3ja ft OgiBI9r Tit gi BIfH: 2kc wir G

pio) V3mdia:

bswh: Bfol%i ¥5-veshiwnt3aavs Fo3al nis-Q Xrmsm g3lli E.

bs--il: bsdiwwolt Fs-veshiwntBaavs Fo3al nfs- Q XsFni3aa pij gifr.
PQls-: Rit sd3mi gsthli IBefsKilphn-i ai3l

Cmra%r SgBr: SI39naaaliin

M3-£3n0gi-9r Slit : Si3no3gvgmliwadliinalit v3-wrBgp9di ai3n
E-wCs--i0l%-a: Sso)ilvf-%-vlpH 3w wsFeB-riw

M3j& ft Ogi-9r PHaafH: 0.c0 ga%.

" sHO9r PHaafH R319r: c00 ga% .

M3ja ft OgiBI9r Tit gi BIfH: 2kc wir G
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B.

CPL

Si %1 V3ndi a:

N

cChArOgdmL O gD =

SEo

bswh: Ghiwnt3aa 5 9p nf3aa 03g Y ofwdr )ihi-wls Ht sdi osH.
CsH: Rit sd3mi nBmilhgi opio) d3mdi 5 9p al39 n aaldliinagPr.
Si3l: PsthlilBefsKilphn-i.

E-wCs--i0l%-a: CsggiFagr.

" sPH9r PHaafH R319r: c00 ga%.

n-s9wV3mia: Cst grh 5 9p ARI k60 3-w7 L 42z Xifali w3- wiBm ni winh 3- NRTL.

bswh 3-wbs--il: Plliwaliin

Ssn-sOWTfmvPrf-ri RCmsa%r Sgo rv3-wSi3l OFeQi: Sl39%naaaliin

Si3l: PsthlilBerfsKilphn-i.

E-wCs--i0l%-a: TpH3wiw

EnolBb3n Msmwi w5 3li HG pl 0shd NEMA 2¢0 i-omafH selhgi Huf%H wnh 15031%-
59p 1819 op os- w9 3w3gli B3- w241V 30 0sh

" sH9r PHaafH R319r: 400 ga% .

M3j& ft OgiBI9r Tit giBIfH: 240 wir G

M3-t3nsgi BIsE

S3eilh Rifie V3mdia: Cst grh 59p ASME bsGi F3-wPHaafH ViaainCsw Xifhli w3- wBmnw
nh 3- NRTL.

1.

oo ~g

bswh 3-wbs--il: Bfol% ¥- 3-waliiw5 9p -isgh-1 O r ai3n
Pls-vCrsa%r Sgrv3-wSi3l[-aiH: S13%naaaliin

Si31 B&o: PsrhlilBenfsKilphn-i.

E-wCs--i0l%-a: TpH3ww

" sPH9r PHaafH R319r: 400 ga% .

M3j % ft OgiBI9r Tit giBIfH: 240 wir G

Tle sal3l% Ej g3-a%- V3rdia: Cst grh 5 9p ARI kcO.

FOSAOg—IT NSRRI ADOD -

/.

zZ.

10.
11.

bswhvbs--11v3-wSi3nC3g: GshiwntBaasFaliin

B®BgpBrt vP%ls-vCmrsa%r Sglrv3-wSi3l [-aiH: Sl3%naaaliin
P30)9r 3-w, 3a)ila: Ns-Qanialsa.

C3ghBth 3-wbfmm Csggi Flfn® r e w5 9p HefriB-10p3hHi.
Sfol%- Tit giBIfH: 40 wir G

SfgiFpi3l: Aw(fal3mi.

Ridi ki ls5 sgl%- KsFpi3llgft g 3ggrfb3l%-al
E-wCs--10l%-a: Sso)ilveBH vsFIpH 3wi wf-%-.

" sH9r PHaafH R319r: 4c0 ga% .

sl 3abhg3aa V3mdia: Cst grh 5 9p 7 L 42z Xifali w3- wiBm i wnh 3- NRTL.

bswhvbs--11v3-wSi3nC3g: Bfol%i %5- sFaliin

B®BgpBrt vPUls-vCrsa%r Sgirv3-wSi3l[-aiH: SI39naaaliin
P30)9r 3-w, 3a)ila: Ns-anmialsa.

Ssti-sOWTfmvPrf-ri RCmsa% r Sg rv3-wSi3l OF%i: SI3%naaaliin
Si3l: PsthlilBefsKilphn-i.

Euf3®QE [-1iE3n

EnolBb3n Msmwi w5 3li HG pl 0shd NEMA 2¢0 i-omafH selhgi Huf % wnh 15031%-
59p 119 op os- w9 3wdgli F3- w241V 30 0sSh

E-wCs--i10l%-a: Sso)il.

TpBl®r R3-ri: M3j & ft c ga%.

" sHO9r PHaafH R319r: c00 ga% .

M3ja ft OgiBI9r Tit giBIfH: 240 wir G

SIBG plThgi SIBY i F:
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e g 0 g —

bswh: ' i waliinS 9p os Hsa%- W a%l3-10s3191.
SoHi-: 100U iap al3%naaaliin

E-wCs--10l%-a: Sso)il sFeBH.

" sBH9r PHaafH R3I19r: c00 ga% .

M3ja ft OgiBI9r Tit giBIfH: 2ke wir G

-rri Thgi SIBY.i F:

bswh: Gshiwnf3aasFo3al nfs-Q.

BB9 Prfr: bBaapij gifr.

SoHi-: 100U iapt s-in

E-wCs--10l%-a: Sso)il sFeBH.

" sBH9r PHaafH R3I9r: c00 ga% .

M3j & ft OgiBI9r Tit giBIfH: 2kc wir G

Ms Qlf H W f 9v1- wo3ls E:

1.
2.

oo g

bsvwh: GhHiwnt3aa.

" 9wsS5: Rigmoi3mivorn3Kefaiwrmaa 593 w5 5S9p $ wd3I9r int i-1 gslioliwnh
eHiFaoHi-.

I-w3IsE CsmFoswiwls apsS t s@lfH os-1i-19 ggt .

M9 G ft MsQlfH I- wb3lsFSi-adddh: 1-wh3li t s@lfH 3nsdi 60 ggt .
E-wCs--10l%-a: Sso)il sFeBH.

" sH9r PHaafH R319r: ¢c00 ga% .

M3j% ft OgiBI9r Tit giBIfH: 240 wir G

Rigioi 3mi (CsH GHiFBHik: Cst grh 5 9p ARI kID.

1.

o NTRFE e D

e kg

k.
/

Z.

bswh 3-wCsdiE P39 liwldliinapim5 9p wfolh Us- osdi Fral3% naaldliinaoHl 5 av3-w
-isgh-ir3a)ila.

GHiFMiwB: 10t DF-vgn 3liws 9p 9 lir Bni- wB r aXal39 i aaldliinaf ggs H.
Bia%o3-1 Miw3: Aold3liw3ift &3 sFop3hos3n

Bia%-iwesFHEdi ki es5 KsFpi3llgft g 3ggrib3l%-al

E-wCs--10l%-a: Sso)il.

Aooiaa PsHa: NPS 1Wos--i0l%-a3li-liFBr 3-wn3d9r aOsiaesFgHaafH waei H-1%Bn
t i3afHt i-1.

M3j& ft PHaafH Lsaa: 2 ga%.

" sH9r PHaafH R319r: c00 ga% .

M3ja ft OgiBI9r Tit giBIfH: 240 wir G

iR 3-i-1 GHi FBFiR: Cst grh 5 9p ARI kDD.

bswh 3-wCsdi E P39 1i wldli i napi m

GHi FMiwB: 10t DE-vgn 3liw5 9dp & lir Bni - wk r aXal39 i aaldli i naf ggs H.
Bia%o03-1 MiwB: Aold3liw3nft ¢ 3 sFop3kos3n

Bia%-iwesFHdiFi es5 KsFpi3llgft g 3ggrb3l%- al

E-wCs--i10l%-a: Sso)il.

Aooiaa PsHa: NPS 1Wos--io0l%-a3li-liBr 3-wn3d%r a%iaesFghaafH waei K - 18n
t i3afHt i-1.

M3j @ ft PHaafH Lsaa: 2 ga% .

" sPH9r PHaafH R319r: c00 ga%.

M3ja ft OgiBI9r Tit giBIfH: 240 wir G

Rioi ik Cst grh 5 9p ARI 4zc.

1.
2.
D

Cst grh 59p ASME bs%i F3- wPH aaf H Viaai nCswi Xifali w3- wiBnmi i wih 3- NRTL.
Cst grh 59p 7 L 20kXifali w3- widm n wnh 3- NRTL.
bswh: ' imiwaliin5 9p osHsa%- Wi a%l3-10s319 .
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4. T3gg% ra: I-nlvsfln lvifuf Swn din® wb3ls Fv3- wa3ei |h H1fi e d3rdi .
C. E-wCs--10l%-a: Sso)il sFlpH 3wiw
6. " sH9r PHaafH R319r: ¢c00 ga% .
k. M3ja ft OgiBI9r Tit giBIfH: 2ke wir G

0. LufowAooft f3lsk: Cst grh 5 9p ARI 4zc.
1. bswh: ' imiwaliin5 9p osHsa%- W a%l3-10s3191.
2. E-wCs--10l%-a: Sso)il sFlpH 3wiw
D " sBH9r PHaafH R3I9r: c00 ga% .
4, M3j & ft OgiBI9r Tit giBIfH: 2kc wir G

2.4 REFRIGERANTS

A. M3-fe3olfH R Sfnfiol Is ost gifB-oi 59p Huf%it i-lav g5d9i gBwola nh s-i se Ipi
esmsS Or:
1. Alsed 3 Cpit D3mvl-o.
2. BfPs-1Cst g3-hXGfsKopit ©93mBA.
D Hs-1h5imwl-0.X 1-11K- RiefriB-la.
4. INEOS Gf'sFAt iFb3aLLC.

b. ASHRAE DiVRU10A: Pi-BenfsEilp3-i\Bernfskt ilp3-i.

PART DUE" EC7 TION

3.1 PIPING APPLICATIONS

A. Sfol%- L9ia NPS 1UW3-wSt 3m FesFCs-di-1%-3nAHCs-wd%-91r Aggrb3l%-a: Csggi K
Thgi ACRv3--i3nwlit giFlfn®r 3-w5 Bfrpllésggi Fedl9ra s dp n3Q w(s 9 la.

b. Sfol%- LO3ia NPS2 Is NPS4 esFCs-di-1%-3n AHCs-w%-91 Agerol3l%-a: Csggi B Thgi
ACRvwES5 -Uit giFlfn®r 3-w5 Bfrplldsggi Fedl9 ra 5 9p nBBQ w(s$ la.

C. HslIY 3a 3-wLuf WL iav3-wSfol%- LOiaesFHi3lPft g Aggrtb3l%-a: Csggi FThgi ACRv
3--13nwlit giFlfn®r 3-wS Bfrplldsggi Fedl9 ra 5 9p n3Q w(s % la.

B. S3ei hRifl elV3rdi B%op3ki PR3 r: Csggilv Thgi LvwB5-Uit giF Ifnbr 3-w 5 BfrplU
osggiFedl9ras 9p asmi Hw(s ¢ la.

3.2 VALVE AND SPECIALTY APPLICATIONS

A. I- al3mwBgpBrt g3o)naasFg30)iw3-rn d3mdia 9 afol%- 3-wwhop3hi iaseost ghHaasE

b. I- al3mai ki%i d3rdiaesFr3ri 13ga3l 91l 3-wsflnlsepsll3anhg3aa d3mdia 3- wallB3% i Fa & Ipih
3H -sl3- 91lirBng3H sed3ndia 3- wall3%- i Fa.

C. I-al3m 3 opio) d3mdi 3l Ipi ost gHaasF whop3Hi 3-w3 fuf 9w 3ooft f3lsF 3l Ipi ost gHaasF
afol%- os--i0l%-.

B. Ejoigl 3a slpiF5 @i & wb3liw % al3m wBgpBrt g3o)naa sFg30)iw3-rn d3mdia s- 9nl 3-w
sflnla%i seeHiFwhi k.

E. I- al3m3 ef M9 wlpH i Wd3rdi nhg3aa 3K f- weddi Fwhi R

G I-al3masn-s9vd3ndia fgalH3t et 130p 1jg3-a%- d3mdi 3- wpsllW3a nhg3aa d3mdi. I-al3m

CPL

asn-s9wd3mdia 9 psBEQ-13nria s dp osh3l Isg.

I-al3mlpi R sal3l%ij g3-a%- d3mdia3aomsai 3agsaadm Is whilEnflskas- id3gsBlsk.
1. I-al3md3mdi as wBgpBrt o3ai %5 3R iFIp3- nfm
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CPL

2. Siof H nfrmls on 3- valBB% plvps X3 - 13nai 0l% - seafol%- 1 fa%r 15 s nfimalBga. Bs
-slt sf-1nfm9 3 1B8g sF3l nsllst selpi i.

D leijiE3niuf3f3Fia3H HufHwt 3)i os--i0l%- SpiH 95 9nHen ol af ol%- WP i
gHaafH 31 nfmmiso31%-.

I-al3ma3eilh Hifie d3rdia SpiH Hufiwnh ASME bsGiF3-wPHaafH ViaainCswi. P%i
a3ei |hUW it eld3rdi wehop3Hi 1 Is sflaSs 3oos @ r Is ASHRAE lc.

I-al3mt s%lfH Wufow 9o wollska & duf9wrri 31 1pi S nlselpi IpiR sal3l%®ijg3-a%- d3ndi sF
3l1pi 9nlselpi id3gsBlsFosho3ghBh Ifm.

I-al3malB3% ik fgalH3t et 3-w3w3oi-1Is Ipi esnms59r f-naa lpih 3H ef F %piw 3a 3-
9lirBn3aait mh esFwid®i m9r gKlioliw

L. Ss1i - s9wd3ndi a.

2. TpiR sal3l%ij g3-a%- d3rdia.
D Hs1W 3a nhg3aa d3ndi a.

4. Cst gHaasE

[-alBmeHi Fwhika & dufSviri milSii- ost ghaasF3-wlipi R sal3l% ij g3-a%- d3div3-w9
Ipi afol%- 1 31 Ipi ost gHaasE

I- al3mH oi Mi Fa ad3d wls 3o0st t swili gft glhsS - op3Fi.
I-al3merni j Y9m os--iolska3l ost gH aasFa.

PIPING INSTALLATION

BB59r gm-avaopit 31%av3-wwBrBt a ¢ w3li ri-iBnmso3l%- 3-w3H3-rit i-1se gg9r
ahalit aX9 wb3liwso31%-a 3-w3H3-rit i-la5iH faiwls add g%i 3-wo3mfmli eFbl%- maav
ijg3-a%-vgft g adPrv3-wslpiF wiad- os-a%i Bl%-a. [-al3m g%9%r 3a 3 wb3liw f-naa
wi dB1%-als Bhsfl 3H 3ggksdiws- Spsg BBB59ra.

[-al3mH e+ i B-1g%% r 3oos B 1r Is ASHRAE Ic.

[-alBmg%®%r 9 os-o0i3nwmo3l%-a f-naaslpib % ¢ wo3liw3-wijoigl ¢ iuf%t i-1 Bst a
3-wai Fl%i 3H 3a.

[-alBmg%e%r > wolliwls m ijgsaiw3-wgkdr & iufPt i-1 Bst a3-wai ki 3H3a 31 FBrpl
3-rnasFg3Bmnls nf9%9r 53ma. BBrs-3nHK-a 3H ghphtliw f-naa agi o%3mh & wo3liw
slpi 5 %i.

I-al3mg%9 r 3nsdi 300iaadm oi 9P rals 3ms5 afee®d -1ag3oi esFoi 3P r g3-inHt sd3n
[-al3mg%9 r 3w3oi-11s t 3op%ials 3ns5 ai KdYi 3-wt 3%1i-3-0i.

I-al3mg%9r eli sea3ra3-wni-wa.

I-al3medl9 raesFop3-ria% w ol%- 3- wni3-op os--i10l%-a.

Sinol ahalit ost gs-i-la59p ghaafH BI9r iuf3nls sFrH3li Flp3- ahalit sgiBl%r gHaafH.

RieiF Is Siol%- 2[0z00 xI-alHt i-131%- 3-w Cs-1Bn esF HVACx 3-w Siol%- 2[0zzD
xSiufi-oi seOgiBl%-aesFHVAC Cs-1Bmx esFasn-s9d3mdi os-1Bm Favos-1Bn5 I rv3-w
aiufi-oi sesgi Bl1%-.

[-al3m g%%r 3a apsH 3-wwhiol 3a gsaadmv59p 3t 3G ft -ft mFse (s%lavimsSav3-w
edl9ra.

AH3-ri g®9%r Is 3ns5 SYagiol%- 3-waik%i se HeBriBI%- iuf%t i-1. [-al3md3ndia 3-w
agioBri9da & 3ooiaa%m 1031%-als 3ns5 esFaikYi 3-w%agiol%-. I-al3m3ooiaa wssk sF
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g3-im 3a agioXdw % Siol%- 0/DI1ID xAoociaa Bssk 3-w GBt iax ® d3mdia sFiuf%t i-1
Huf®r t 3%1i-3-0i % os-0i3nwmp*wed hpi waf K30i a.

[-alBmHE e iB-1g%2%r ¢ gilioldi os-wq5piH *al3mwmsSrBf-w

[-aBmEBEef&riB-1 g2%r & FrOwsFenj9m os-w9 9 m031%-a Spik ijgsaiwls t iop3-D3n
9 (fh.

Smgi HelriB-1g%9%r 3aesnss a:

1. I- al3m ps B - 13n ps 1 3a whop3hi gk9%r 59p 3 f-%sKR amgi ws5 -5 3Fv 35 3h elst
ost ghHaasE

2. I-al3Bmps B3 - [3nafol%- ia59p 3 f-%sK asgi ws5 -5 3Kvls ost ghHaasE

D I-al3miBga 3-wws frm Bhikals i-1B9 sh9 di Ho3nH-a.

4. Lufowrriat 3hm ¢ al3m wn din

" pi- BQ@r sFasmi B rvHt sdi asn-sOd3mdi os9m 3-wa% pl riBaai aX3ms Ht sdi d3ndi
alit avai3lav3-wg30) 3 rv3-w3ooiaadm 9 1iE3ng3Ha se HeFyiB-1 agioBd9a. Bs -sl 3ggrh
pi3l-i3Fij g3-a%- d3mdi nfim

I-al3mg%®9%r 59p 3wiuf3li on3B-0i mlSii- g%i 3-w3w3Boi-153m 3-wp3-rika sFml5ii-
gkiaesFO af Bl1%- 9 al3nBl%-.

Ivi-1%h EelriB-1 g% r 3-wd3mdia 3o0s @1 1s Siol%- 2D0ceD xIwi - 12031%- esF HVAC
P%9r 3-wEuf %t i-1.x

[-al3manidia esFg®9r gi-ilB1%-ase 5 3mavoi 9P rav3-wemssk. Cst gth 59p Huf%t i-la
esFanidiaagio®d w9 Siol%- 2D0clk xSriidia3-wSnidi Si3mesFHVAC P%9r.x

[-al3m anidi ai3m esF g¥9r gi-ilBI%-a se os-ohli 53ma 3-w aBdma. Cst grh 59p
Huf%t i-laesFanidi ai3m agio®dw9% Siol%- 20clk xSniidia 3-wSnidi Si3m esFHVAC
P%S9r.x

I-al3m iaoflopis-a esF g®%r gi-ilBl1%-a se 53mav oi3Prav 3-w esska.  Cst gth 59p
KHuf®t i-laesFiaoflopis-aagio®d w9 Siol%- 2D0c1/ xEaoflopis-aesFHVAC P®9 r.x
PIPE JOINT CONSTRUCTION

Ri3t i-wasegQia3-wlfma3-wht sdi nfHa. bidingmB9 i-wasealiing®i.

Rit sdi ao3n vaBr vwtHv3- wwinth elst 9 a9 3-wsfladwi seghi 3-wedld ramesH 3aait nih.

GOng%ki 3-weldldra59p 3- $iHr3ak9Bri- sFo3ks- wasj O W r nBB(P r sFS i rvls
ghdi-1ao3n esK 31%-.

bBQwJs%la: Cs-alifol (s%1a 300sF@r Is A' Sy xb B r H3-wnss)w Cp3gli F xP%i 3-w
Tfm .x

1. 7 ai Thgi bofPvosggi HgpsagpsHa 3nsh esF(s% 91 osggiFaso)il eédl9ra 5 9p osggi F
e%i.

2. 7 ai Thgi bArvo3wt ¥t @Hi a9di F3msh esF(s 3 91 osggi F5 9p nfs-Q sFaliin

HANGERS AND SUPPORTS

H3-riRafggsHv3-w3-opsFglwfola 3K agio®d w9 Siol%- 2D0c2z xH3-rik 3-wSfggsHa esF
HVAC P%9r 3-wEuf %t i-1.x

I-al3mlpi esns5 31 g%i 3l13opt i-la:
1. Awfal3mm aliinon d% p3-rik esFO w9 3nps B - 13nK-anaalp3- 20 eiil -1,
2. RsmFp3-rika3-wagPr p3-riResFO w9 3nps B3 - 13nH-a20 eiil sF-riE
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D P%i RsmE MSS SPW/v Thgi 44 esFt fd%n psBQ3-13n g% r 20 eil sFm-rikv

afggsHiws- 3 1Bgi Q.

4. SgBr p3-rikals afggsH di H03nK - a.
C. Csggi Rodwp3-rika 3- wafggsHa esFp3-rik 3-wafggsHa 9 whHol os-130l 5 9p osggi F
g%i.

al3mp3-riResFosggi FIlfn®r S9p Ipi esms5 31t 3j & ft ag3o%r 3-wt 3G ft Bwala:

I-
1. NPS 1W: M3j & ft ag3-v60 QopiaXt 3% ft BwaliviW9e op.

2. NPS cW: M3j & ft ag3-v60 YopiaXt 3% ft BwadlivlWS op.

D NPS 1: M3j& ft ag3-vk2 Qopiaxt ¢9 ft BEwalidviW9 op.

4 NPS 1UW: M3j 4 ft ag3-vz6 QopiaXt 39 ft EBwaddvDWS op.
c NPS 1UW: M3j & ft ag3-vz6 QopiaXt 3% ft EwadldvDW S op.
6. NPS 2: M3j & ft ag3-vz6 QY opiaXt G ft Bwadd vDW9 op.

k. NPS2UW: M3j ¢ ft ag3-v10/ QopiaXt % ft Ewadd vDW S op.
/ NPSD M3j& ft ag3-vl0eilX 99 ft Bwadld vDW9 op.

z NPS 4: M3j G ft ag3-vi2eilX 3% ft BwadivlW9 op.

I-
1.
2.
D
4.

al3mp3-riResFaliing®%r 59p Ipi esns59r t 3j & ft ag3o%r 3-wt 3G ft Bwadja:
NPS2: M3j 4 ft ag3-vl0eiilXt 3% ft Bwadd vDW9 op.
NPS2UW: M3j & ft ag3-vileilX 99 ft BwallQvDW$ op.
NPSD M3j4 ft ag3-vi2eilXt % ft EwaddvDW % op.
NPS 4: M3j & ft ag3-vldeiilXt 3% ft BwalivliW9e op.

StfggsHt fd%msFdi Ho3nH-a 3l n3al 31i30p essE

FIELD QUALITY CONTROL
PiksK liala3-w9 agiol%-a3-wghg3H lial HgsHa.

Tiala 3- wl-agiol%- a:
1. Cst grh 5 9p ASME b Dl.cvCp3gli FVI.

2. Tial HelriB-1 g®9%rv agioBri9av 3-w Hoidik., lasmli ost ghaasF os-wi-ai
1d3gsBlsF 3-waleilh widbia elst lial ghaafH % Ipih 3H -sl Bliw3nsdi Ipi lial

gHaafH.

D Tial pGpU3-ws5 (gHaafH a%i g®%r seildop ahalit aig3Blirth 3l -sl naa Ip3- Ipi

gHaafHa 9 w3liw9® P3H | xPiksk 3-oi RiufHt i-lax AH%n.
3. (PImahalit 59p -9Bri- Is Ipi Huf% wlial gh aafH .

m Shalit ap3mt 39139 lial ghaafH 31 Ipi t 3-®smwr3ri IpBfrpsfl wBI%- se

lial.

0. Tial (s%la 3-wedl9ra 59p inolls-% n3) wliolsF sF nh nffap%r 3 at 3m

3t sf-1seas3g 3-wrrhoi B asif1%- sdiF(s9 la.

W Rit 3)i n3)9r (s%lafa%r -i5 t 3liFBmv3-wHhlial f-1%a3l%e3olsth Hafda

3H 3op9diw

SYSTEM CHARGING

Cp3Hi ahalit fa%r Ipi esns5 91 glSoiwfHa:
1. I-al3mosH 9 eXiFwhika3eliFn3) lial nffl mesH id3of31%-.

2. Ed3of3li i-19H HelriB-1ahalit 59p 3 d3offt gft gls c00t DBt ilik. Ied3offt

psmaesF12 psfhavahalit % H3wh esFop3H9r.
D bH3) d3offt 59p HeFriB-1r3av3ns5 O r ghaafH Is nf9wfgls 2 ga%.
4 Cp3Fi ahalit 59p3-i5 i RwhiFosH 9 op3E9r 1.
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SECTION 233113 - METAL DUCTS

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:
1. Single-wall rectangular ducts and fittings.

2. Single-wall round and flat-oval ducts and fittings.

3. Sheet metal materials.

4. Duct liner.

5. Sealants and gaskets.

6. Hangers and supports.

Related Sections:

1. Section 230593 "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, and
balancing requirements for metal ducts.

2. Section 233300 "Air Duct Accessories" for dampers, sound-control devices, duct-

mounting access doors and panels, turning vanes, and flexible ducts.

PERFORMANCE REQUIREMENTS

Airstream Surfaces: Surfaces in contact with the airstream shall comply with requirements in
ASHRAE 62.1.

ACTION SUBMITTALS

Product Data: For each type of the following products:
1. Sealants and gaskets.
2. Seismic-restraint devices.

Shop Drawings:

1. Fabrication, assembly, and installation, including plans, elevations, sections, components,
and attachments to other work.

Factory- and shop-fabricated ducts and fittings.

Duct layout indicating sizes, configuration, liner material, and static-pressure classes.
Elevation of top of ducts.

Fittings.

Reinforcement and spacing.

Seam and joint construction.

Equipment installation based on equipment being used on Project.

Locations for duct accessories, including dampers, turning vanes, and access doors and
panels.

Hangers and supports, including methods for duct and building attachment, seismic
restraints, and vibration isolation.

LNk W

_.
e

Delegated-Design Submittal:
1. Design Calculations: Calculations, including analysis data signed and sealed by the
qualified professional engineer responsible for their preparation for seismic restraints.
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1.5 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Plans, drawn to scale, on which the following items are shown and
coordinated with each other, using input from installers of the items involved:

1. Duct installation in congested spaces, indicating coordination with general construction,
building components, and other building services. Indicate proposed changes to duct
layout.

2. Suspended ceiling components.

3. Structural members to which duct will be attached.

4. Size and location of initial access modules for acoustical tile.

5. Penetrations of smoke barriers and fire-rated construction.

6. Items penetrating finished ceiling including the following:

a. Lighting fixtures.

b. Air outlets and inlets.
c. Speakers.

d. Sprinklers.

e. Access panels.

f. Perimeter moldings.

B. Welding certificates.

C. Field quality-control reports.

1.6 QUALITY ASSURANCE

A. Welding Qualifications: Qualify procedures and personnel according to the following:

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports.

2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum supports.

3. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding.

B. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and
Equipment" and Section 7 - "Construction and System Start-up."

C. ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1, Section 6.4.4
- "HVAC System Construction and Insulation."

PART 2 - PRODUCTS

2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS

A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise
indicated.

1. Minimum sheet metal thickness shall be 26 ga.

B. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular 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."

C. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct

CPL
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Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal
Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-
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support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select types
and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Chapter 4, "Fittings and Other Construction," for static-pressure class, applicable
sealing requirements, materials involved, duct-support intervals, and other provisions in
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

SINGLE-WALL ROUND AND FLAT-OVAL DUCTS AND FITTINGS

General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on indicated
static-pressure class unless otherwise indicated.

1. Minimum sheet metal thickness shall be 26 ga.
2. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Lindab Inc.
b. McGill AirFlow LLC.
c. SEMCO Incorporated.
d. Sheet Metal Connectors, Inc.
e. Spiral Manufacturing Co., Inc.

Flat-Oval Ducts: Indicated dimensions are the duct width (major dimension) and diameter of the
round sides connecting the flat portions of the duct (minor dimension).

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."
1. Transverse Joints in Ducts Larger Than 60 Inches in Diameter: Flanged.

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."

1. Fabricate round ducts larger than 90 inches in diameter with butt-welded longitudinal
seams.
2. Fabricate flat-oval ducts larger than 72 inches in width (major dimension) with butt-

welded longitudinal seams.

Tees and Laterals: 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."

SHEET METAL MATERIALS

General Material Requirements: Comply with SMACNA's "HVAC Duct Construction Standards
- Metal and Flexible" for acceptable materials, material thicknesses, and duct construction
methods unless otherwise indicated. Sheet metal materials shall be free of pitting, seam marks,
roller marks, stains, discolorations, and other imperfections.

Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.
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1. Galvanized Coating Designation: G90.
2. Finishes for Surfaces Exposed to View: Mill phosphatized.

C. Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; black and
galvanized.
1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum

CPL

ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.

Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.

DUCT LINER

Flexible Elastomeric Duct Liner: Preformed, cellular, closed-cell, sheet materials complying with
ASTM C 534, Type 11, Grade 1; and with NFPA 90A or NFPA 90B.
1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Aeroflex USA Inc.
b. Armacell LLC.
c. Rubatex International, LLC
2. Surface-Burning Characteristics: Maximum flame-spread index of 25 and maximum
smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.
3. Liner Adhesive: As recommended by insulation manufacturer and complying with
NFPA 90A or NFPA 90B.
a. For indoor applications, adhesive shall have a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
b. Adhesive shall comply with the testing and product requirements of the
California Department of Health Services' "Standard Practice for the Testing of
Volatile Organic Emissions from Various Sources Using Small-Scale
Environmental Chambers."

Insulation Pins and Washers:

1. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully
annealed for capacitor-discharge welding, 0.135-inch- diameter shank, length to suit
depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer.

2. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- thick
galvanized steel; with beveled edge sized as required to hold insulation securely in place
but not less than 1-1/2 inches in diameter.

Shop Application of Duct Liner: Comply with SMACNA's "HVAC Duct Construction Standards

- Metal and Flexible," Figure 7-11, "Flexible Duct Liner Installation."

1. Adhere a single layer of indicated thickness of duct liner with at least 90 percent adhesive
coverage at liner contact surface area. Attaining indicated thickness with multiple layers
of duct liner is prohibited.

2. Apply adhesive to transverse edges of liner facing upstream that do not receive metal
nosing.

3. Butt transverse joints without gaps, and coat joint with adhesive.

4. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-
edge overlapping.

5. Do not apply liner in rectangular ducts with longitudinal joints, except at corners of ducts,
unless duct size and dimensions of standard liner make longitudinal joints necessary.

6. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm.
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7.

10.

Secure liner with mechanical fasteners 4 inches from corners and at intervals not

exceeding 12 inches transversely; at 3 inches from transverse joints and at intervals not

exceeding 18 inches longitudinally.

Secure transversely oriented liner edges facing the airstream with metal nosings that have

either channel or "Z" profiles or are integrally formed from duct wall. Fabricate edge

facings at the following locations:

a. Fan discharges.

b. Intervals of lined duct preceding unlined duct.

C. Upstream edges of transverse joints in ducts where air velocities are higher than
2500 fpm or where indicated.

Secure insulation between perforated sheet metal inner duct of same thickness as

specified for outer shell. Use mechanical fasteners that maintain inner duct at uniform

distance from outer shell without compressing insulation.

a. Sheet Metal Inner Duct Perforations: 3/32-inch diameter, with an overall open
area of 23 percent.

Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, turning

vane assemblies, or other devices. Fabricated buildouts (metal hat sections) or other

buildout means are optional; when used, secure buildouts to duct walls with bolts, screws,

rivets, or welds.

SEALANT AND GASKETS

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.

Water-Based Joint and Seam Sealant:

WOk D=

Application Method: Brush on.

Solids Content: Minimum 65 percent.

Shore A Hardness: Minimum 20.

Water resistant.

Mold and mildew resistant.

VOC: Maximum 75 g/L (less water).

Maximum Static-Pressure Class: 10-inch wg, positive and negative.

Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum sheets.

Solvent-Based Joint and Seam Sealant:

PN RO =

e

Application Method: Brush on.

Base: Synthetic rubber resin.

Solvent: Toluene and heptane.

Solids Content: Minimum 60 percent.

Shore A Hardness: Minimum 60.

Water resistant.

Mold and mildew resistant.

For indoor applications, sealant shall have a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

VOC: Maximum 395 g/L.

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."
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1. Maximum Static-Pressure Class: 10-inch wg, positive or negative.
12. Service: Indoor or outdoor.
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13. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum sheets.

Flanged Joint Sealant: Comply with ASTM C 920.

General: Single-component, acid-curing, silicone, elastomeric.

Type: S.

Grade: NS.

Class: 25.

Use: O.

For indoor applications, sealant shall have a VOC content of 250 g/L or less when

calculated according to 40 CFR 59, Subpart D (EPA Method 24).

7. 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."

ANl o e

Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
Round Duct Joint O-Ring Seals:

1. Seal shall provide maximum leakage class of 3 cfim/100 sq. ft. at 1-inch wg and shall be
rated for 10-inch wg static-pressure class, positive or negative.

2. EPDM O-ring to seal in concave bead in coupling or fitting spigot.

3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings

and fitting spigots.

HANGERS AND SUPPORTS
Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.

Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or galvanized rods
with threads painted with zinc-chromate primer after installation.

Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum
Hanger Sizes for Round Duct."

Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A 603.
Steel Cables for Stainless-Steel Ducts: Stainless steel complying with ASTM A 492.

Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, and bolts
designed for duct hanger service; with an automatic-locking and clamping device.

Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible
with duct materials.

Trapeze and Riser Supports:

1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.

2. Supports for Stainless-Steel Ducts: Stainless-steel shapes and plates.

3. Supports for Aluminum Ducts: Aluminum or galvanized steel coated with zinc
chromate.
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PART 3 - EXECUTION

DUCT INSTALLATION

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.

Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"
unless otherwise indicated.

Install round and flat-oval ducts in maximum practical lengths.
Install ducts with fewest possible joints.

Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch
connections.

Unless otherwise indicated, install ducts vertically and horizontally, and parallel and
perpendicular to building lines.

Install ducts close to walls, overhead construction, columns, and other structural and permanent
enclosure elements of building.

Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.

Route ducts to avoid passing through transformer vaults and electrical equipment rooms and
enclosures.

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.

Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.
Comply with requirements in Section 233300 "Air Duct Accessories" for fire and smoke
dampers.

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."

INSTALLATION OF EXPOSED DUCTWORK

Protect ducts exposed in finished spaces from being dented, scratched, or damaged.

Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use
two-part tape sealing system.

Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. When
welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds,
and treat the welds to remove discoloration caused by welding.

Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings,
hangers and supports, duct accessories, and air outlets.

Repair or replace damaged sections and finished work that does not comply with these
requirements.
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33 ADDITIONAL INSTALLATION REQUIREMENTS FOR COMMERCIAL KITCHEN
HOOD EXHAUST DUCT

A. Install commercial kitchen hood exhaust ducts without dips and traps that may hold grease, and
sloped a minimum of 2 percent to drain grease back to the hood.

B. Install fire-rated access panel assemblies at each change in direction and at maximum intervals of
12 feet in horizontal ducts, and at every floor for vertical ducts, or as indicated on Drawings.
Locate access panel on top or sides of duct a minimum of 1-1/2 inches from bottom of duct.

C. Do not penetrate fire-rated assemblies except as allowed by applicable building codes and
authorities having jurisdiction.

34 DUCT SEALING

A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct Schedule"
Article according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

3.5 HANGER AND SUPPORT INSTALLATION

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5,
"Hangers and Supports."

B. Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel fasteners
appropriate for construction materials to which hangers are being attached.

1. Where practical, install concrete inserts before placing concrete.

2. Install powder-actuated concrete fasteners after concrete is placed and completely cured.

3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for
slabs more than 4 inches thick.

4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for
slabs less than 4 inches thick.

5. Do not use powder-actuated concrete fasteners for seismic restraints.

C. Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum
Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports within
24 inches of each elbow and within 48 inches of each branch intersection.

D. Hangers Exposed to View: Threaded rod and angle or channel supports.

E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds,
bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16
feet.

F. Install upper attachments to structures. Select and size upper attachments with pull-out, tension,
and shear capacities appropriate for supported loads and building materials where used.

3.6 CONNECTIONS

A. Make connections to equipment with flexible connectors complying with Section 233300 "Air
Duct Accessories."

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch,

CPL

outlet and inlet, and terminal unit connections.
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3.7 PAINTING
A. Paint interior of metal ducts that are visible through registers and grilles and that do not have duct
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liner. Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer. Paint
materials and application requirements are specified in Section 099113 "Exterior Painting" and
Section 099123 "Interior Painting."

FIELD QUALITY CONTROL

Perform tests and inspections.

Leakage Tests:

1. Comply with SMACNA's "HVAC Air Duct Leakage Test Manual." Submit a test report
for each test.

2. Test the following systems:

a. Ducts with a Pressure Class of 2-Inch wg or Higher: Test representative duct
sections, selected by Engineer from sections installed, totaling no less than 50
percent of total installed duct area for each designated pressure class.

3. Disassemble, reassemble, and seal segments of systems to accommodate leakage testing
and for compliance with test requirements.

4. Test for leaks before applying external insulation.

5. Conduct tests at static pressures equal to maximum design pressure of system or section

being tested. If static-pressure classes are not indicated, test system at maximum system
design pressure. Do not pressurize systems above maximum design operating pressure.

6. Give seven days' advance notice for testing.

Duct System Cleanliness Tests:

1. Visually inspect duct system to ensure that no visible contaminants are present.

2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness according
to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and Restoration of HVAC
Systems."

a. Acceptable Cleanliness Level: Net weight of debris collected on the filter media

shall not exceed 0.75 mg/100 sq. cm.
Duct system will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

DUCT CLEANING
Clean new duct system(s) before testing, adjusting, and balancing.

Use service openings for entry and inspection.

1. Create new openings and install access panels appropriate for duct static-pressure class if
required for cleaning access. Provide insulated panels for insulated or lined duct. Patch
insulation and liner as recommended by duct liner manufacturer. Comply with
Section 233300 "Air Duct Accessories" for access panels and doors.

2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection.

3. Remove and reinstall ceiling to gain access during the cleaning process.

Particulate Collection and Odor Control:
1. When venting vacuuming system inside the building, use HEPA filtration with 99.97
percent collection efficiency for 0.3-micron-size (or larger) particles.
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2. When venting vacuuming system to outdoors, use filter to collect debris removed from
HVAC system, and locate exhaust downwind and away from air intakes and other points
of entry into building.

D. Clean the following components by removing surface contaminants and deposits:

1. Air outlets and inlets (registers, grilles, and diffusers).

2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply
and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive
assemblies.

3. Air-handling unit internal surfaces and components including mixing box, coil section,

3.10

3.11
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air wash systems, spray eliminators, condensate drain pans, humidifiers and
dehumidifiers, filters and filter sections, and condensate collectors and drains.

4. Coils and related components.

5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and
mechanical equipment rooms.

6. Supply-air ducts, dampers, actuators, and turning vanes.

7. Dedicated exhaust and ventilation components and makeup air systems.

Mechanical Cleaning Methodology:

1. Clean metal duct systems using mechanical cleaning methods that extract contaminants
from within duct systems and remove contaminants from building.

2. Use vacuum-collection devices that are operated continuously during cleaning. Connect

vacuum device to downstream end of duct sections so areas being cleaned are under
negative pressure.

3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without
damaging integrity of metal ducts, duct liner, or duct accessories.
4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner

to get wet. Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated
or that has friable material, mold, or fungus growth.

5. Clean coils and coil drain pans according to NADCA 1992. Keep drain pan operational.

Rinse coils with clean water to remove latent residues and cleaning materials; comb and

straighten fins.

Provide drainage and cleanup for wash-down procedures.

7. Antimicrobial Agents and Coatings: Apply EPA-registered antimicrobial agents if
fungus is present. Apply antimicrobial agents according to manufacturer's written
instructions after removal of surface deposits and debris.

@

START UP

Air Balance: Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing
for HVAC."

DUCT SCHEDULE
Fabricate ducts with galvanized sheet steel

Retain applicable subparagraphs in this article to set criteria for pressure class, duct seal-class
level, and duct-leakage class; or delete applicable subparagraphs and indicate pressure class, duct
seal-class level, and duct-leakage class on Drawings. If retaining duct seal and leakage
requirements in this article, retain first paragraph in "Duct Sealing" Article. Both seal class and
leakage class are included in this article and either one can be deleted, or both can remain if they
are consistent.

Supply Ducts:
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1. Ducts Connected to Fan Coil Units, Furnaces, Heat Pumps, and Terminal Units:
a. Pressure Class: Positive 2-inch wg
b. Minimum SMACNA Seal Class: C.
c. SMACNA Leakage Class for Rectangular: 12.
d. SMACNA Leakage Class for Round and Flat Oval: 12.
2. Ducts Connected to Constant-Volume Air-Handling Units:
a. Pressure Class: Positive 3-inch wg
b. Minimum SMACNA Seal Class: B.
C. SMACNA Leakage Class for Rectangular: 6.
d SMACNA Leakage Class for Round and Flat Oval: 6.
3. Ducts Connected to Variable-Air-Volume Air-Handling Units:
a. Pressure Class: Positive 3-inch wg .
b. Minimum SMACNA Seal Class: B.
c. SMACNA Leakage Class for Rectangular: 6.
d. SMACNA Leakage Class for Round and Flat Oval: 6.
D. Return Ducts:
1. Ducts Connected to Fan Coil Units, Furnaces, Heat Pumps, and Terminal Units:
a. Pressure Class: Positive or negative 2-inch wg
b. Minimum SMACNA Seal Class: C.
c. SMACNA Leakage Class for Rectangular: 12.
d. SMACNA Leakage Class for Round and Flat Oval: 12.
2. Ducts Connected to Air-Handling Units:
a. Pressure Class: Positive or negative 2-inch wg.
b. Minimum SMACNA Seal Class: B.
c. SMACNA Leakage Class for Rectangular: 12.
d. SMACNA Leakage Class for Round and Flat Oval: 12.
E. Exhaust Ducts:
L. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air:
a. Pressure Class: Negative 2-inch wg.
b. Minimum SMACNA Seal Class: C if negative pressure, and A if positive
pressure.
c. SMACNA Leakage Class for Rectangular: 12.
d. SMACNA Leakage Class for Round and Flat Oval: 12.
2. Ducts Connected to Air-Handling Units:
a. Pressure Class: Positive or negative 2-inch wg.
b. Minimum SMACNA Seal Class: B if negative pressure, and A if positive
pressure.
c. SMACNA Leakage Class for Rectangular: 12.
d. SMACNA Leakage Class for Round and Flat Oval: 12.
3. Ducts Connected to Commercial Kitchen Hoods: Comply with NFPA 96.
a. Exposed to View: Type 304, stainless-steel sheet, [No. 4] [No. 3] finish.
b. Concealed: Type 304, stainless-steel sheet, No. 2D finish or Carbon-steel sheet.
c. Welded seams and joints.
d. Pressure Class: Positive or negative [2-inch wg] [3-inch wg] [4-inch wg].
e. Minimum SMACNA Seal Class: Welded seams, joints, and penetrations.
f. SMACNA Leakage Class: 3.
F. Intermediate Reinforcement:

CPL
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I. Galvanized-Steel Ducts: Galvanized steel or carbon steel coated with zinc-chromate
primer.
2. Stainless-Steel Ducts:
a. Exposed to Airstream: Match duct material.
b. Not Exposed to Airstream: Match duct material.
3. Aluminum Ducts: Aluminum or galvanized sheet steel coated with zinc chromate.
G. Liner:
1. Supply Air Ducts: Flexible elastomeric, 1 inch thick.
2. Return Air Ducts: Flexible elastomeric, 1 inch thick.
3. Exhaust Air Ducts: Flexible elastomeric, 1 inch thick.
4, Transfer Ducts: Flexible elastomeric, 1 inchthick.
H. Elbow Configuration:
1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 4-2, "Rectangular Elbows."
a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.
b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.
c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane
Runners," and Figure 4-4, "Vane Support in Elbows."
2. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
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and Flexible," Figure 3-4, "Round Duct Elbows."
a. Minimum Radius-to-Diameter Ratio and Elbow Segments: Comply with
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible,"
Table 3-1, "Mitered Elbows." Elbows with less than 90-degree change of
direction have proportionately fewer segments.
1) Velocity 1000 fpm or Lower: 0.5 radius-to-diameter ratio and three
segments for 90-degree elbow.
2) Velocity 1000 to 1500 fpm: 1.0 radius-to-diameter ratio and four segments
for 90-degree elbow.
3)  Velocity 1500 fpm or Higher: 1.5 radius-to-diameter ratio and five
segments for 90-degree elbow.
4) Radius-to Diameter Ratio: 1.5.
b. Round Elbows, 12 Inches and Smaller in Diameter: Stamped or pleated.
c. Round Elbows, 14 Inches and Larger in Diameter: Standing seam.

Branch Configuration:

1.

Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 4-6, "Branch Connection."

a. Rectangular Main to Rectangular Branch: 45-degree entry.

b. Rectangular Main to Round Branch: Spin in.

Round and Flat Oval: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical
Tees." Saddle taps are permitted in existing duct.

a. Velocity 1000 fpm or Lower: 90-degree tap.
b. Velocity 1000 to 1500 fpm: Conical tap.
c. Velocity 1500 fpm or Higher: 45-degree lateral.

END OF SECTION 233113
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SECTION 233300 - AIR DUCT ACCESSORIES

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Backdraft and pressure relief dampers.
Manual volume dampers.

Fire dampers.

Turning vanes.

Duct-mounted access doors.

Flexible connectors.

Flexible ducts.

Duct accessory hardware.

NN R WD

Related Requirements:

1. Section 283111 "Digital, Addressable Fire-Alarm System" for duct-mounted fire and
smoke detectors.

ACTION SUBMITTALS

Product Data: For each type of product.
1. For duct silencers, include pressure drop and dynamic insertion loss data. Include
breakout noise calculations for high transmission loss casings.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Reflected ceiling plans, drawn to scale, on which ceiling-mounted
access panels and access doors required for access to duct accessories are shown and coordinated
with each other, using input from Installers of the items involved.

Source quality-control reports.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For air duct accessories to include in operation and
maintenance manuals.

MAINTENANCE MATERIAL SUBMITTALS

Furnish extra materials that match products installed and that are packaged with protective
covering for storage and identified with labels describing contents.
1. Fusible Links: Furnish quantity equal to 10 percent of amount installed.
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PART 2 - PRODUCTS

ASSEMBLY DESCRIPTION

Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with
NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
acceptable materials, material thicknesses, and duct construction methods unless otherwise
indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains,
discolorations, and other imperfections.

MATERIALS

Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.
1. Galvanized Coating Designation: G60.
2. Exposed-Surface Finish: Mill phosphatized.

Stainless-Steel Sheets: Comply with ASTM A 480/A 480M, Type 304, and having a No. 2 finish
for concealed ducts and for exposed ducts.

Aluminum Sheets: Comply with ASTM B 209, Alloy 3003, Temper H14; with mill finish for
concealed ducts and standard, 1-side bright finish for exposed ducts.

Extruded Aluminum: Comply with ASTM B 221, Alloy 6063, Temper T6.

Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on galvanized
sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.

Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.

BACKDRAFT AND PRESSURE RELIEF DAMPERS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Air Balance Inc.; a division of Mestek, Inc.

American Warming and Ventilating; a division of Mestek, Inc.
Cesco Products; a division of Mestek, Inc.

Greenheck Fan Corporation.

Lloyd Industries, Inc.

Nailor Industries Inc.

NCA Manufacturing, Inc.

Pottorff.

Ruskin Company.

0. Vent Products Company, Inc.

e i A o

Description: Gravity balanced.
Maximum Air Velocity: 2000 fpm

Frame: Hat-shaped, 0.05-inch- thick, galvanized sheet steel, with welded corners or mechanically
attached and mounting flange.

Blades: Multiple single-piece blades, maximum 6-inch width, 0.025-inch- thick, roll-formed
aluminum with sealed edges.

Blade Action: Parallel.
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G. Blade Seals: Extruded vinyl, mechanically locked.
H. Blade Axles:
1. Material: Nonferrous metal.
2. Diameter: 0.20 inch.
L Return Spring: Adjustable tension.
2.4 MANUAL VOLUME DAMPERS
A. Standard, Steel, Manual Volume Dampers:
1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Air Balance Inc.; a division of Mestek, Inc.
b. American Warming and Ventilating; a division of Mestek, Inc.
c. Flexmaster U.S.A., Inc.
d. McGill AirFlow LLC.
€. Nailor Industries Inc.
f. Pottorff.
g. Ruskin Company.
h. Trox USA Inc.
1. Vent Products Company, Inc.
2. Standard leakage rating.
3. Suitable for horizontal or vertical applications.
4. Frames:
a. Frame: Hat-shaped, 0.094-inch- thick, galvanized sheet steel.
b. Mitered and welded corners.
c. Flanges for attaching to walls and flangeless frames for installing in ducts.
5. Blades:
a. Multiple or single blade.
b. Parallel- or opposed-blade design.
c. Stiffen damper blades for stability.
d. Galvanized-steel, 0.064 inch thick.
6. Blade Axles: Galvanized steel.
7. Bearings:
a. Stainless-steel sleeve.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.
8. Tie Bars and Brackets: Galvanized steel.
B. Standard, Aluminum, Manual Volume Dampers:
1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Air Balance Inc.; a division of Mestek, Inc.
b. American Warming and Ventilating; a division of Mestek, Inc.
c. McGill AirFlow LLC.
d. Nailor Industries Inc.
e. Pottorff.
f. Ruskin Company.
g. Trox USA Inc.
h. Vent Products Company, Inc.
2. Standard leakage rating.
3. Suitable for horizontal or vertical applications.

CPL
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4, Frames: Hat-shaped, 0.10-inch- thick, aluminum sheet channels; frames with flanges for
attaching to walls and flangeless frames for installing in ducts.
5. Blades:
a. Multiple or single blade.
b. Parallel- or opposed-blade design.
c. Stiffen damper blades for stability.
d. Roll-Formed Aluminum Blades: 0.10-inch- thick aluminum sheet.
e. Extruded-Aluminum Blades: 0.050-inch- thick extruded aluminum.
6. Blade Axles: Stainless steel.
7. Bearings:
a. Stainless-steel sleeve.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.
8. Tie Bars and Brackets: Aluminum.
C. Low-Leakage, Steel, Manual Volume Dampers:
1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Air Balance Inc.; a division of Mestek, Inc.
b. American Warming and Ventilating; a division of Mestek, Inc.
c. McGill AirFlow LLC.
d. Nailor Industries Inc.
e. Pottorft.
f. Ruskin Company.
g. Trox USA Inc.
h. Vent Products Company, Inc.
2. Comply with AMCA 500-D testing for damper rating.
3. Low-leakage rating and bearing AMCA's Certified Ratings Seal for both air performance
and air leakage.
4, Suitable for horizontal or vertical applications.
5. Frames:
a. Hat shaped.
b. 0.094-inch- thick, galvanized sheet steel.
c. Mitered and welded corners.
d. Flanges for attaching to walls and flangeless frames for installing in ducts.
6. Blades
a. Multiple or single blade.
b. Parallel- or opposed-blade design.
c. Stiffen damper blades for stability.
d. Galvanized, roll-formed steel, 0.064 inch thick.
7. Blade Axles: Galvanized steel.
8. Bearings:
a. Oil-impregnated stainless-steel sleeve.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.
9. Blade Seals: Neoprene.
10. Jamb Seals: Cambered stainless steel.
11. Tie Bars and Brackets: Galvanized steel.
12. Accessories:
a. Include locking device to hold single-blade dampers in a fixed position without
vibration.

CPL
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D. Low-Leakage, Aluminum, Manual Volume Dampers:
1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Air Balance Inc.; a division of Mestek, Inc.
b. American Warming and Ventilating; a division of Mestek, Inc.
c. McGill AirFlow LLC.
d. Nailor Industries Inc.
e. Pottorft.
f. Ruskin Company.
g. Trox USA Inc.
h. Vent Products Company, Inc.
2. Comply with AMCA 500-D testing for damper rating.
3. Low-leakage rating and bearing AMCA's Certified Ratings Seal for both air performance
and air leakage.
4. Suitable for horizontal or vertical applications.
5. Frames: Hat-shaped, 0.10-inch- thick, aluminum sheet channels; frames with flanges for
attaching to walls and flangeless frames for installing in ducts.
6. Blades:
a. Multiple or single blade.
b. Parallel- or opposed-blade design.
c. Roll-Formed Aluminum Blades: 0.10-inch- thick aluminum sheet.
d. Extruded-Aluminum Blades: 0.050-inch- thick extruded aluminum.
7. Blade Axles: Stainless steel.
8. Bearings:
a. Oil-impregnated stainless-steel sleeve.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.
9. Blade Seals: Neoprene.
10. Jamb Seals: Cambered stainless steel.
11. Tie Bars and Brackets: Aluminum.
12. Accessories:
a. Include locking device to hold single-blade dampers in a fixed position without
vibration.
E. Jackshaft:
L. Size: 0.5-inch diameter.
2. Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted on
supports at each mullion and at each end of multiple-damper assemblies.
3. Length and Number of Mountings: As required to connect linkage of each damper in
multiple-damper assembly.
F. Damper Hardware:
1. Zinc-plated, die-cast core with dial and handle made of 3/32-inch- thick zinc-plated steel,
and a 3/4-inch hexagon locking nut.
2. Include center hole to suit damper operating-rod size.
3. Include elevated platform for insulated duct mounting.
2.5 FIRE DAMPERS
A. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1. Air Balance Inc.; a division of Mestek, Inc.

CPL
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Arrow United Industries; a division of Mestek, Inc.
Cesco Products: a division of Mestek. Inc.

Greenheck Fan Corporation.

Nailor Industries Inc.

NCA Manufacturing, Inc.

Pottorff.

Prefco; Perfect Air Control, Inc.

. Ruskin Company.

0. Vent Products Company, Inc.

1. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

— 20PN LR W

Type: Static; rated and labeled according to UL 555 by an NRTL.
Fire Rating: 1-1/2 and 3 hours.

Frame: Curtain type with blades outside airstream except when located behind grille where
blades may be inside airstream; fabricated with roll-formed, 0.034-inch- thick galvanized steel,;
with mitered and interlocking corners.

Mounting Sleeve: Factory- or field-installed, galvanized sheet steel.

1. Minimum Thickness: 0.138 inch thick, as indicated, and of length to suit application.

2. Exception:  Omit sleeve where damper-frame width permits direct attachment of
perimeter mounting angles on each side of wall or floor; thickness of damper frame must
comply with sleeve requirements.

Mounting Orientation: Vertical or horizontal as indicated.

Blades: Roll-formed, interlocking, 0.034-inch- thick, galvanized sheet steel. In place of
interlocking blades, use full-length, 0.034-inch- thick, galvanized-steel blade connectors.

Horizontal Dampers: Include blade lock and stainless-steel closure spring.
Heat-Responsive Device: Replaceable, 165 deg F rated, fusible links.
Heat-Responsive Device: replaceable link and switch package, factory installed, 165 deg F rated.

TURNING VANES

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Ductmate Industries, Inc.

Duro Dyne Inc.

Elgen Manufacturing.

METALAIRE, Inc.

SEMCO Incorporated.

Ward Industries, Inc.: a division of Hart & Cooley. Inc.

ANl o e

Manufactured Turning Vanes for Metal Ducts: Curved blades of galvanized sheet steel; support

with bars perpendicular to blades set; set into vane runners suitable for duct mounting.

1. Acoustic Turning Vanes: Fabricate airfoil-shaped aluminum extrusions with perforated
faces and fibrous-glass fill.

Manufactured Turning Vanes for Nonmetal Ducts: Fabricate curved blades of resin-bonded
fiberglass with acrylic polymer coating; support with bars perpendicular to blades set; set into
vane runners suitable for duct mounting.
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General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in Elbows."

Vane Construction: Double wall.

Vane Construction: Single wall for ducts up to 48 inches wide and double wall for larger
dimensions.

DUCT-MOUNTED ACCESS DOORS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

American Warming and Ventilating: a division of Mestek. Inc.
Cesco Products; a division of Mestek, Inc.

Ductmate Industries, Inc.

Elgen Manufacturing.

Flexmaster U.S.A., Inc.

Greenheck Fan Corporation.

McGill AirFlow LLC.

Nailor Industries Inc.

. Pottorff.

0. Ventfabrics, Inc.

1. Ward Industries, Inc.: a division of Hart & Cooley. Inc.
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Duct-Mounted Access Doors: Fabricate access panels according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible"; Figures 7-2, "Duct Access Doors and Panels," and
7-3, "Access Doors - Round Duct."

1. Door:
a. Double wall, rectangular.
b. Galvanized sheet metal with insulation fill and thickness as indicated for duct
pressure class.
c. Vision panel.
d. Hinges and Latches: 1-by-1-inchbutt or piano hinge and cam latches.
e. Fabricate doors airtight and suitable for duct pressure class.
2. Frame: Galvanized sheet steel, with bend-over tabs and foam gaskets.
3. Number of Hinges and Locks:
a. Access Doors Less Than 12 Inches Square: No hinges and two sash locks.
b Access Doors up to 18 Inches Square: Continuous and two sash locks.
c. Access Doors up to 24 by 48 Inches: Three hinges and two compression latches.
d Access Doors Larger Than 24 by 48 Inches: Four hinges and two compression
latches with outside and inside handles.
FLEXIBLE CONNECTORS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
Ductmate Industries, Inc.

1

2. Duro Dyne Inc.

3. Elgen Manufacturing.
4
5

Ventfabrics, Inc.
Ward Industries, Inc.; a division of Hart & Cooley, Inc.

Materials: Flame-retardant or noncombustible fabrics.
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C. Coatings and Adhesives: Comply with UL 181, Class 1.

D. Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches wide attached to two
strips of 2-3/4-inch- wide, 0.028-inch- thick, galvanized sheet steel or 0.032-inch- thick
aluminum sheets. Provide metal compatible with connected ducts.

E. Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.

1. Minimum Weight: 26 o0z./sq. yd..
2. Tensile Strength: 480 Ibf/inch in the warp and 360 Ibf/inch in the filling.
3. Service Temperature: Minus 40 to plus 200 deg F.

F. Outdoor System, Flexible Connector Fabric: Glass fabric double coated with weatherproof,

synthetic rubber resistant to UV rays and ozone.

1. Minimum Weight: 24 o0z./sq. yd..

2. Tensile Strength: 530 Ibf/inch in the warp and 440 Ibf/inch in the filling.
3. Service Temperature: Minus 50 to plus 250 deg F.

G. High-Temperature System, Flexible Connectors: Glass fabric coated with silicone rubber.
1. Minimum Weight: 16 0z./sq. yd..

2. Tensile Strength: 285 Ibf/inch in the warp and 185 Ibf/inch in the filling.
3. Service Temperature: Minus 67 to plus 500 deg F.

H. High-Corrosive-Environment System, Flexible Connectors: Glass fabric with chemical-resistant

coating.

1. Minimum Weight: 14 o0z./sq. yd..

2. Tensile Strength: 450 Ibf/inch in the warp and 340 Ibf/inch in the filling.
3. Service Temperature: Minus 67 to plus 500 deg F.

L. Thrust Limits: Combination coil spring and elastomeric insert with spring and insert in
compression, and with a load stop. Include rod and angle-iron brackets for attaching to fan
discharge and duct.

1. Frame: Steel, fabricated for connection to threaded rods and to allow for a maximum of
30 degrees of angular rod misalignment without binding or reducing isolation efficiency.

2. Outdoor Spring Diameter: Not less than 80 percent of the compressed height of the
spring at rated load.

3. Minimum Additional Travel: 50 percent of the required deflection at rated load.

4. Lateral Stiffness: More than 80 percent of rated vertical stiffness.

5. Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

6. Elastomeric Element: Molded, oil-resistant rubber or neoprene.

7. Coil Spring: Factory set and field adjustable for a maximum of 1/4-inch movement at
start and stop.

2.9 FLEXIBLE DUCTS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

1. Flexmaster U.S.A., Inc.
2. McGill AirFlow LLC.
3. Ward Industries, Inc.; a division of Hart & Cooley, Inc.
B. Insulated, Flexible Duct: UL 181, Class 1, black polymer film supported by helically wound,

CPL

spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film.
1. Pressure Rating: 4-inch wg positive and 0.5-inch wg negative.
2. Maximum Air Velocity: 4000 fpm.
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3. Temperature Range: Minus 20 to plus 175 deg F.
4. Insulation R-Value: Comply with ASHRAE/IESNA 90.1.
C. Flexible Duct Connectors:
1. Clamps: Stainless-steel band with cadmium-plated hex screw to tighten band with a
worm-gear action or Nylon strap in sizes 3 through 18 inches, to suit duct size.
2. Non-Clamp Connectors: Adhesive.

2.10

T oM m

CPL

DUCT ACCESSORY HARDWARE

Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw cap and
gasket. Size to allow insertion of pitot tube and other testing instruments and of length to suit
duct-insulation thickness.

Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to gasoline
and grease.

PART 3 - EXECUTION

INSTALLATION

Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct
Construction Standards," for fibrous-glass ducts.

Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in
galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and
aluminum accessories in aluminum ducts.

Install backdraft dampers at inlet of exhaust fans or exhaust ducts as close as possible to exhaust
fan unless otherwise indicated.

Install volume dampers at points on supply, return, and exhaust systems where branches extend
from larger ducts. Where dampers are installed in ducts having duct liner, install dampers with
hat channels of same depth as liner, and terminate liner with nosing at hat channel.

1. Install steel volume dampers in steel ducts.

2. Install aluminum volume dampers in aluminum ducts.

Set dampers to fully open position before testing, adjusting, and balancing.
Install test holes at fan inlets and outlets and elsewhere as indicated.
Install fire and smoke dampers according to UL listing.

Install duct security bars. Construct duct security bars from 0.164-inchsteel sleeve, continuously
welded at all joints and 1/2-inch- diameter steel bars, 6 inches o.c. in each direction in center of
sleeve. Weld each bar to steel sleeve and each crossing bar. Weld 2-1/2-by-2-1/2-by-1/4-inch
steel angle to 4 sides and both ends of sleeve. Connect duct security bars to ducts with flexible
connections. Provide 12-by-12-inch hinged access panel with cam lock in duct in each side of
sleeve.

Connect ducts to duct silencers with flexible duct connectors.

Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining
accessories and equipment at the following locations:

1. On both sides of duct coils.

2. Upstream from duct filters.
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3. At outdoor-air intakes and mixed-air plenums.
4, At drain pans and seals.
5. Downstream from, control dampers, backdraft dampers, and equipment.
6. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall fusible links.

CPL

Access doors for access to fire or smoke dampers having fusible links shall be pressure
relief access doors and shall be outward operation for access doors installed upstream
from dampers and inward operation for access doors installed downstream from dampers.
7. At each change in direction and at maximum 50-foot spacing.
8. Upstream or downstream from duct silencers.
9. Control devices requiring inspection.
10. Elsewhere as indicated.

Install access doors with swing against duct static pressure.

Access Door Sizes:

One-Hand or Inspection Access: 8 by 5 inches.
Two-Hand Access: 12 by 6 inches.

Head and Hand Access: 18 by 10 inches.

Head and Shoulders Access: 21 by 14 inches.
Body Access: 25 by 14 inches.

Body plus Ladder Access: 25 by 17 inches.

ANl o e

Label access doors according to Section 230553 "Identification for HVAC Piping and
Equipment" to indicate the purpose of access door.

Install flexible connectors to connect ducts to equipment.

For fans developing static pressures of 5-inch wg and more, cover flexible connectors with loaded
vinyl sheet held in place with metal straps.

Connect terminal units to supply ducts directly or with maximum 12-inch lengths of flexible
duct. Do not use flexible ducts to change directions.

Connect diffusers or light troffer boots to ducts directly or with maximum 60-inch lengths of
flexible duct clamped or strapped in place.

Connect flexible ducts to metal ducts with adhesive and draw bands.
Install duct test holes where required for testing and balancing purposes.

Install thrust limits at centerline of thrust, symmetrical on both sides of equipment. Attach thrust
limits at centerline of thrust and adjust to a maximum of 1/4-inch movement during start and stop
of fans.

FIELD QUALITY CONTROL

Tests and Inspections:

1. Operate dampers to verify full range of movement.

2. Inspect locations of access doors and verify that purpose of access door can be
performed.

3. Operate fire, smoke, and combination fire and smoke dampers to verify full range of
movement and verify that proper heat-response device is installed.

4. Inspect turning vanes for proper and secure installation.

5. Operate remote damper operators to verify full range of movement of operator and
damper.
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END OF SECTION 233300

CPL
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SECTION 233423 - HVAC POWER VENTILATORS
PART I - GENERAL
1.1 RELATED DOCUMENTS

1.2

1.3

1.4

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Centrifugal ventilators - roof downblast.

2. Centrifugal ventilators - roof upblast and sidewall.

3. Centrifugal ventilators - roof upblast - Grease Hood Kitchen

ACTION SUBMITTALS
Product Data: For each type of product.

1. Construction details, material descriptions, dimensions of individual components and
profiles, and finishes for fans.

Rated capacities, operating characteristics, and furnished specialties and accessories.
Certified fan performance curves with system operating conditions indicated.

Certified fan sound-power ratings.

Motor ratings and electrical characteristics, plus motor and electrical accessories.
Material thickness and finishes, including color charts.

Dampers, including housings, linkages, and operators.

Prefabricated roof curbs.

Fan speed controllers.

A e A b

Shop Drawings:

—_

Include plans, elevations, sections, and attachment details.

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

Include diagrams for power, signal, and control wiring.

4. Design Calculations: Calculate requirements for selecting vibration isolators.

98]

INFORMATIONAL SUBMITTALS

Coordination Drawings: Floor plans, reflected ceiling plans, and other details, or BIM model,
drawn to scale, showing the items described in this Section and coordinated with all building
trades.
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1.5

1.6

2.1

2.2

Field quality-control reports.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For HVAC power ventilators to include in normal and
emergency operation, and maintenance manuals.

MAINTENANCE MATERIAL SUBMITTALS

Furnish extra materials that match products installed and that are packaged with protective
covering for storage and identified with labels describing contents.

1. Belts: One set for each belt-driven unit.

PART 2 - PRODUCTS

CENTRIFUGAL VENTILATORS - ROOF DOWNBLAST

Housing: Downblast; removable spun aluminum; square, one-piece aluminum base with
venturi inlet cone.

Fan Wheels: Aluminum hub and wheel with backward-inclined blades.

Accessories:

1. Disconnect Switch: Nonfusible type, with thermal-overload protection mounted inside
fan housing, factory wired through an internal aluminum conduit.

2. Bird Screens: Removable, 1/2-inch (13-mm) mesh, aluminum or brass wire.

3. Dampers: Counterbalanced, parallel-blade, backdraft dampers mounted in curb base;
factory set to close when fan stops.

4. Spark-resistant, all-aluminum wheel construction.

5. Mounting Pedestal: Galvanized steel with removable access panel.

Prefabricated Roof Curbs: Galvanized steel; mitered and welded corners; 1-1/2-inch- (40-mm-)
thick, rigid, fiberglass insulation adhered to inside walls; and 1-1/2-inch (40-mm) wood nailer.
Size as required to suit roof opening and fan base.

1. Overall Height: 18 inches.

CENTRIFUGAL VENTILATORS - ROOF UPBLAST OR SIDEWALL

Configuration: Centrifugal roof upblast ventilator.

Housing: Removable spun aluminum; square, one-piece aluminum base with venturi inlet
cone.

1. Upblast Units: Provide spun-aluminum discharge baffle to direct discharge air upward,
with rain and snow drains.
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C. Fan Wheels: Aluminum hub and wheel with backward-inclined blades[; sparkproof
construction].
D.  Accessories:

1. Disconnect Switch: Nonfusible type, with thermal-overload protection mounted inside
fan housing, factory wired through an internal aluminum conduit.

2. Bird Screens: Removable, 1/2-inch (13-mm) mesh, aluminum or brass wire.

3. Dampers: Counterbalanced, parallel-blade, backdraft dampers mounted in curb base;
factory set to close when fan stops.

4, Spark-resistant, all-aluminum wheel construction.

5. Mounting Pedestal: Galvanized steel with removable access panel.

Prefabricated Roof Curbs: Galvanized steel; mitered and welded corners; 1-1/2-inch- (40-mm-)

thick, rigid, fiberglass insulation adhered to inside walls; and 1-1/2-inch (40-mm) wood nailer.

Size as required to suit roof opening and fan base.

2.3 EXHAUST FANS CENTRIFUGAL VENTILATORS -GREASE HOOD KITCHEN
A. ACCEPTABLE MANUFACTURERS
1. Accurex, XRUB (basis of design)
2. Approved equal
B. Configuration: Upblast propeller grease hood kitchen ventilator.

1. Factory-fabricated, -assembled, -tested, and -finished, belt-driven centrifugal fan utility
exhaust fan, consisting of housing, wheel, fan shaft, bearings, motor, drive assembly, and
support structure.

2. The fan wheel shall be centrifugal backward inclined, constructed of aluminum and shall
include a wheel cone carefully matched to the inlet cone for precise running tolerances.
Wheels shall be statically and dynamically balanced. The fan housing shall be
constructed of heavy gauge aluminum with a rigid internal support structure. Wind bands
shall have a rolled bead for added strength and shall be joined to curb caps with a leak
proof, continuously welded seam.

C.  Belt Drive:

1. Factory mounted, with final alignment and belt adjustment made after installation.

2. Fan Pulleys: Cast iron or cast steel with split, tapered bushing; dynamically balanced at
factory.

3. Motor pulleys shall be adjustable for final system balancing. A disconnect switch shall be
factory installed and wired from the fan motor to a junction box installed within the
motor compartment. A conduit chase shall be provided through the curb cap to the motor
compartment for ease of electrical wiring.

4, Belts: Oil resistant, nonsparking, and nonstatic; matched sets for multiple belt drives.

5. Belt Guards: Comply with OSHA and fabricate according to SMACNA's "HVAC Duct
Construction Standards.

D.  Ball Bearing:

1. Motors shall be heavy duty ball bearing type, carefully matched to the fan load, and
furnished at the specified voltage, phase and enclosure. Motors and drives shall be
mounted on vibration isolators, out of the airstream. Fresh air for motor cooling shall be
drawn into the motor compartment from an area free of discharge contaminants. Motors



RONDOUT VALLEY SCD Phase 2:2019 Bond Referendum Project

14206.05

CENTRIFUGAL HVAC FANS 233423-4

24

shall be readily accessible for maintenance. Drive frame assemblies shall be constructed
of heavy gauge steel and mounted on vibration isolators.

Fan shafts:

1. Precision ground and polished fan shafts shall be mounted in permanently sealed,
lubricated pillow block ball bearings. Bearings shall be selected for a minimum (L10) life
in excess of 100,000 hours at maximum cataloged operating speed. Drives shall be sized
for a minimum of 150% of driven horsepower. Pulleys shall be of the fully machined cast
iron type, keyed and securely attached to the wheel and motor shafts.

Engraving
1. Each fan shall bear a permanently affixed manufacturer's engraved metal nameplate
containing the model number and individual serial number for future identification.

Electrical:
1. Fans shall be listed by Underwriters Laboratory for UL/cUL 762 Listed for all electrical
components and grease removal.

Accessories:

1. Disconnect Switch: Nonfusible type, with thermal-overload protection mounted inside
fan housing, factory wired through an internal aluminum conduit.

2. Bird Screens: Removable, 1/2-inch (13-mm) mesh, aluminum or brass wire.

3. Inspection Door: Hinged.

4, Dampers: Counterbalanced, parallel-blade, backdraft dampers mounted in curb base;
factory set to close when fan stops.

5. Motorized Dampers: Parallel-blade dampers mounted in curb base with electric actuator;
wired to close when fan stops.

6. Extended Lubrication Lines.

7. Kitchen Hood Exhaust: UL 762 listed for grease-laden air exhaust.
8. Provide grease collector.

Prefabricated Kitchen Exhaust Roof Curbs: Galvanized steel; mitered and welded corners;
ventilation openings on all sides to ventilate curb interstitial space. Size as required to suit roof
opening and fan base.

1. Overall Height: 18 inches

2. Hinged sub-base to provide access to damper or as cleanout for grease applications.

3. Metal Liner: Galvanized steel.

4. Mounting Pedestal: Galvanized steel with removable access panel.

5. Vented Curb: For kitchen exhaust; 12-inch- (300-mm-) high galvanized steel; unlined,
with louvered vents in vertical sides.

6. NFPA 96 code requirements for commercial cooking operations.

7. Kitchen Hood Exhaust: UL 762 listed for grease-laden air.

MOTORS

Comply with NEMA designation, temperature rating, service factor, and efficiency
requirements for motors specified in Section 230513 "Common Motor Requirements for HVAC
Equipment."
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I. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load
will not require motor to operate in service factor range above 1.0.
2.5 SOURCE QUALITY CONTROL

3.1

3.2

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
an NRTL, and marked for intended location and application.

Fan Performance Ratings: Comply with AMCA 211 and label fans with AMCA-Certified
Rating Seal. The fans shall be tested for air performance - flow rate, fan pressure, power, fan
efficiency, air density, speed of rotation, and fan efficiency - according to
AMCA 210/ASHRAE 51.

Operating Limits: Classify according to AMCA 99.

UL Standards: Power ventilators shall comply with UL 705. Power ventilators for use for
restaurant kitchen exhaust shall also comply with UL 762.

PART 3 - EXECUTION

INSTALLATION OF HVAC POWER VENTILATORS

Install power ventilators level and plumb.

Equipment Mounting:

1. Comply with requirements for vibration isolation devices specified in Section 230548.13

"Vibration Controls for HVAC."

Secure roof-mounted fans to roof curbs with zinc-plated hardware. See Section 077200 "Roof
Accessories" for installation of roof curbs.

Ceiling Units: Suspend units from structure; use steel wire or metal straps.

Support suspended units from structure using threaded steel rods and elastomeric hangers or
spring hangers or spring hangers with vertical-limit stops having a static deflection of 1 inch
(25 mm)]. Vibration-control devices are specified in Section 230548.13 "Vibration Controls
for HVAC.”

Install units with clearances for service and maintenance.

Label units according to requirements specified in Section 230553 "Identification for HVAC
Piping and Equipment."

DUCTWORK CONNECTIONS

Drawings indicate general arrangement of ducts and duct accessories. Make final duct

connections with flexible connectors. Flexible connectors are specified in Section 233300 "Air
Duct Accessories."
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33 ELECTRICAL CONNECTIONS
A.  Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and
Cables."
B.  Ground equipment according to Section 260526 "Grounding and Bonding for Electrical
Systems."
C.  Install electrical devices furnished by manufacturer, but not factory mounted, according to
NFPA 70 and NECA 1.
1. Nameplate shall be laminated acrylic or melamine plastic signs, as specified in
Section 260553 "Identification for Electrical Systems."
34 CONTROL CONNECTIONS
A.  Install control and electrical power wiring to field-mounted control devices.
B.  Connect control wiring according to Section 260523 "Control-Voltage Electrical Power
Cables."
3.5 FIELD QUALITY CONTROL
A.  Testing Agency: Engage a qualified testing agency to perform tests and inspections.
B.  Perform tests and inspections
C.  Tests and Inspections:

1. Verify that shipping, blocking, and bracing are removed.

2. Verify that unit is secure on mountings and supporting devices and that connections to

ducts and electrical components are complete. Verify that proper thermal-overload

protection is installed in motors, starters, and disconnect switches.

Verify that there is adequate maintenance and access space.

Verify that cleaning and adjusting are complete.

Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan

wheel free rotation and smooth bearing operation. Reconnect fan drive system, align and

adjust belts, and install belt guards.

Adjust belt tension.

Adjust damper linkages for proper damper operation.

Verify lubrication for bearings and other moving parts.

Verify that manual and automatic volume control and fire and smoke dampers in

connected ductwork systems are in fully open position.

10. Disable automatic temperature-control operators, energize motor and adjust fan to
indicated rpm, and measure and record motor voltage and amperage.

11.  Shut unit down and reconnect automatic temperature-control operators.

12.  Remove and replace malfunctioning units and retest as specified above.

whw

00N
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D.  Test and adjust controls and safeties. Controls and equipment will be considered defective if
they do not pass tests and inspections.
E. Prepare test and inspection reports.
3.6 ADJUSTING
A.  Adjust damper linkages for proper damper operation.
B.  Adjust belt tension.
C.  Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing for HVAC"
for testing, adjusting, and balancing procedures.
D.  Replace fan and motor pulleys as required to achieve design airflow.
E. Lubricate bearings.
3.7 DEMONSTRATION
A.  Train Owner's maintenance personnel to adjust, operate, and maintain centrifugal fans.

END OF SECTION 233423
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SECTION 233533 - LISTED KITCHEN VENTILATION SYSTEM EXHAUST DUCTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  Section Includes:
1. Listed grease ducts.
2. Access doors.
1.3 ACTION SUBMITTALS
A.  Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes for listed grease ducts.

B.  Shop Drawings: For listed grease ducts.

1. Include plans, elevations, sections, and attachment details.

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

3. Detail fabrication and assembly of hangers and seismic restraints.

1.4 INFORMATIONAL SUBMITTALS

A.  Welding certificates.

1.5 QUALITY ASSURANCE
A.  Welding Qualifications: Qualify procedures and personnel according to the following:
1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports.

2. AWS D9.1/D9.1M, "Sheet Metal Welding Code," for shop and field welding of joints
and seams in listed grease ducts and field-fabricated grease ducts.

LISTED KITCHEN VENTILATION SYSTEM EXHAUST DUCTS 233533 -1
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2.1

2.2

PART 2 - PRODUCTS

LISTED GREASE DUCTS

Description: Factory-fabricated, -listed, and -labeled, double-wall ducts tested according to
UL 1978 and rated for 500 deg F (260 deg C) continuously, or 2000 deg F (1093 deg C) for 30
minutes; with positive or negative duct pressure and complying with NFPA 211. Comply with
2020 MCNYS 506.3

Construction: Inner shell and outer jacket separated by at least a 2-inch annular space filled
with high-temperature, ceramic-fiber insulation.

1. Inner Shell: ASTM A666, Type 304 or Type 316 stainless steel.
2. Outer Jacket: Aluminized steel or Stainless steel where concealed. Stainless steel where
exposed.

Gaskets and Flanges: Ensure that gaskets and sealing materials are rated at 1500 deg F (816
deg C) minimum.

Hood Connectors: Constructed from same material as grease duct with internal or external
continuously welded or brazed joints.

Accessories: Tees, elbows, increasers, terminations, adjustable roof flashings, storm collars,
support assemblies, thimbles, firestop spacers, and fasteners; fabricated from similar materials
and designs as vent-pipe straight sections; all listed for same assembly. Include unique
components required to comply with NFPA 96 including cleanouts, transitions, adapters, and
drain fittings.

Grease Duct Supports: Construct duct bracing and supports from non-combustible material.

1. Design bracing and supports to carry static and seismic loads within stress limitations of
the International Building Code.

2. Ensure that bolts, screws, rivets and other mechanical fasteners do not penetrate duct
walls.

Comply with ASTM E2336.

Factory Tests: Test and inspect fire resistance of grease duct system according to ASTM E2336.

ACCESS DOORS

Description: Factory-fabricated, -listed, and -labeled, double-wall maintenance access doors
tested according to UL 1978 and rated for 500 deg F (260 deg C) continuously, or 2000 deg F
(1093 deg C) for 30 minutes; with positive or negative duct pressure and complying with
NFPA 211.

1. Construction: [0.0625 inch (1.6 mm)] ASTM A666, Type 304 or Type 316 stainless-
steel inner shell and aluminized-steel or stainless-steel outer cover with two handles.
2. Fasteners: Stainless-steel bolts and wing nuts.

LISTED KITCHEN VENTILATION SYSTEM EXHAUST DUCTS 233533 -2
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a. Ensure that bolts do not penetrate interior of duct space.

(98]

Maintenance Access Door Dimensions: 7 x 7 inches.
4. Door Label: Mark door with uppercase lettering as follows: "ACCESS PANEL. DO NOT
OBSTRUCT."

PART 3 - EXECUTION

3.1

A.

32

EXAMINATION

Examine areas and conditions for compliance with requirements for installation tolerances and
other conditions affecting performance of the Work.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Coordinate installation of roof curbs, equipment supports, and roof penetrations. Comply with
requirements in Section 077200 "Roof Accessories."

Coordinate connections to kitchen exhaust hoods with requirements in Section 233813
"Commercial-Kitchen Hoods."

Coordinate connections to exhaust fans with requirements in Section 233423 HVAC POWER
VENTILATORS.

Coordinate firestopping where grease ducts penetrate fire separations with requirements in
Section 078413 "Penetration Firestopping."

Comply with minimum clearances from combustibles and minimum termination heights
according to product listing or NFPA 211 and UL 2221, whichever is most stringent.

Install airtight maintenance access doors where indicated.

Seal between sections of grease exhaust ducts according to manufacturer's written installation
instructions, using sealants recommended by manufacturer.

Connections: Make grease duct connections according to the International Mechanical Code.

1. Grease duct to exhaust fan connections: Connect grease ducts to inlet side of fan using
flanges, gaskets, and bolts.

2. Grease duct to hood connections:
a. Make grease duct to hood joints connections using internal or external

continuously welded or brazed joints.

Support ducts at intervals recommended by manufacturer to support weight of ducts and
accessories, without applying loading on kitchen hoods.

LISTED KITCHEN VENTILATION SYSTEM EXHAUST DUCTS 233533 -3
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1. Securely attach supports and bracing to structure.

J. Coordinate fire-rated enclosure construction with Section 092116.23 "Gypsum Board Shaft
Wall Assemblies."

K.  Repair damage to adjacent materials caused by listed kitchen ventilation system exhaust ducts
installation.

33 FIELD QUALITY CONTROL

A.  Perform air leakage test before concealment of any portion of the grease duct system.

END OF SECTION 233533

LISTED KITCHEN VENTILATION SYSTEM EXHAUST DUCTS 233533 -4
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SECTION 233713 - DIFFUSERS, REGISTERS, AND GRILLES

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Rectangular and square ceiling diffusers.

Related Sections:

1. Section 089116 "Operable Wall Louvers" and Section 089119 "Fixed Louvers" for fixed
and adjustable louvers and wall vents, whether or not they are connected to ducts.

2. Section 233300 "Air Duct Accessories" for fire and smoke dampers and volume-control

dampers not integral to diffusers, registers, and grilles.

ACTION SUBMITTALS

Product Data: For each type of product indicated, include the following:

1. Data Sheet: Indicate materials of construction, finish, and mounting details; and
performance data including throw and drop, static-pressure drop, and noise ratings.

2. Diffuser, Register, and Grille Schedule: Indicate drawing designation, room location,
quantity, model number, size, and accessories furnished.

Samples for Initial Selection: For diffusers, registers, and grilles with factory-applied color
finishes.

Samples for Verification: For diffusers, registers, and grilles, in manufacturer's standard sizes to
verify color selected.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Reflected ceiling plans, drawn to scale, on which the following items
are shown and coordinated with each other, using input from Installers of the items involved:

1. Ceiling suspension assembly members.

2. Method of attaching hangers to building structure.

3. Size and location of initial access modules for acoustical tile.

4 Ceiling-mounted items including lighting fixtures, diffusers, grilles, speakers, sprinklers,

access panels, and special moldings.
5. Duct access panels.

Source quality-control reports.

PART 2 - PRODUCTS

CEILING DIFFUSERS

Rectangular and Square Ceiling Diffusers:

1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:
a. Anemostat Products; a Mestek company.
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Krueger.
METALAIRE., Inc.

Nailor Industries Inc.
Price Industries.
Titus.

mo a0 T

REGISTERS AND GRILLES

Adjustable Bar Register:

L. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

Anemostat Products; a Mestek company.

Carnes.

Krueger.

METALAIRE, Inc.

Nailor Industries Inc.

Price Industries.

g Titus.

Fixed Face Grille:

1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

Anemostat Products; a Mestek company.

Krueger.

Nailor Industries Inc.

Price Industries.

Titus.

e o o

e Ao o

SOURCE QUALITY CONTROL

Verification of Performance: Rate diffusers, registers, and grilles according to ASHRAE 70,
"Method of Testing for Rating the Performance of Air Outlets and Inlets."

PART 3 - EXECUTION

EXAMINATION

Examine areas where diffusers, registers, and grilles are to be installed for compliance with
requirements for installation tolerances and other conditions affecting performance of equipment.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION
Install diffusers, registers, and grilles level and plumb.

Ceiling-Mounted Outlets and Inlets: Drawings indicate general arrangement of ducts, fittings,
and accessories. Air outlet and inlet locations have been indicated to achieve design requirements
for air volume, noise criteria, airflow pattern, throw, and pressure drop. Make final locations
where indicated, as much as practical. For units installed in lay-in ceiling panels, locate units in
the center of panel. Where architectural features or other items conflict with installation, notify
Architect for a determination of final location.
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C. Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and
maintenance of dampers, air extractors, and fire dampers.

3.3 ADJUSTING

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed,
before starting air balancing.

END OF SECTION 233713

CPL
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SECTION 236313 - AIR-COOLED REFRIGERANT CONDENSERS

PART I - GENERAL

SUMMARY

Section includes packaged, air-cooled refrigerant condensers for outdoor installation.

ACTION SUBMITTALS

Product Data: For each air-cooled refrigerant condenser. Include rated capacities, operating
characteristics, furnished specialties, and accessories. Include equipment dimensions, weights
and structural loads, required clearances, method of field assembly, components, and location
and size of each field connection.

Shop Drawings: For air-cooled refrigerant condensers. Include plans, elevations, sections,
details, and attachments to other work.

Detail equipment assemblies and indicate dimensions, weights, loads, required clearances,
method of field assembly, components, and location and size of each field connection.

Wiring Diagrams: For power, signal, and control wiring.

Submit specified manufacturer’s written warranty.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For air-cooled refrigerant condensers to include in
emergency, operation, and maintenance manuals.

QUALITY ASSURANCE

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.

Fabricate and label refrigeration system according to ASHRAE 15, "Safety Standard for
Refrigeration Systems."

ASHRAE/IESNA 90.1 Compliance: Applicable requirements in ASHRAE/IESNA 90.1,
Section 6 - "Heating, Ventilating, and Air-Conditioning."
WARRANTY

Provide 5-year compressor parts warranty.

Provide parts warranty for one year from start-up or 18 months from shipment, whichever occurs
first on all other parts.

PART 2 - PRODUCTS

MANUFACTURERS

Subject to compliance with requirements, fan coils shall be provided by one of the following.
1. Daikin (Basis of Design)
2. Carrier
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3. Lennox
4. Trane
5. Approved equal

2.2 MANUFACTURED UNITS
A. Description: Factory assembled and tested; consisting of casing, condenser coils, condenser fans
and motors, and unit controls.
B. Refrigerant: R-410A.
C. Compressor: Hermetic scroll, with on-off compressor cycling capacity control
D. Condenser Coil: Factory tested at 425 psig.
1. Tube: 5/16-inch-diameter seamless copper.
2. Coil Fin: Aluminum.
3. Coating: Manufacturer’s recommended coating.
4. Circuit: To match compressors.
E. Condenser Fans and Drives: Propeller fans with aluminum or galvanized-steel fan blades, for

vertical air discharge; directly driven with permanently lubricated ball-bearing motors with
integral current- and thermal-overload protection.
1. Weather-proof motors with rain shield and shaft slinger.

F. Operating and Safety Controls: Include condenser fan motor thermal and overload cutouts;
control transformer, magnetic contactors for condenser fan motors and a nonfused factory-
mounted and -wired disconnect switch for single external electrical power connection.

1. Fan Cycling Control: Head pressure switches.

G. Casings: Galvanized or zinc-coated steel treated and finished with manufacturer's standard paint
coating, designed for outdoor installation with weather protection for components and controls,
and with the following:

1. Removable panels for access to controls, condenser fans, motors, and drives.
2. PVC coated steel fan guards.
3. Lifting eyes.

2.3 MOTORS

A. Comply with NEMA designation, temperature rating, service factor, enclosure type, and
efficiency requirements for motors specified in Section 230513 "Common Motor Requirements
for HVAC Equipment."

1. Enclosure Type: Totally enclosed, fan cooled.
2. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load
will not require motor to operate in service factor range above 1.0.
24 SOURCE QUALITY CONTROL
A. Verification of Performance: Rate air-cooled refrigerant condensers according to ARI 460.

B. Testing Requirements: Factory test sound-power-level ratings according to ARI 270.

PART 3 - EXECUTION

CPL
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3.1 INSTALLATION
A.  Install units level and plumb, firmly anchored in locations indicated.

3.2

3.3

CPL

Equipment Mounting:

1. Comply with requirements for vibration isolation devices specified in Section 230548.13
"Vibration Controls for HVAC."

Maintain manufacturer's recommended clearances for service and maintenance.

Loose Components: Install electrical components, devices, and accessories that are not factory

mounted.

CONNECTIONS

Comply with requirements for piping in Section 232113 "Hydronic Piping" and Section 232116

"Hydronic Piping Specialties." Drawings indicate general arrangement of piping, fittings, and

specialties.

Where installing piping adjacent to equipment, allow space for service and maintenance of
equipment.

Connect precharged refrigerant tubing to unit's quick-connect fittings. Install tubing so it does
not interfere with access to unit. Install furnished accessories.

Connect refrigerant piping to air-cooled compressor and condenser units; maintain required
access to unit. Install furnished field-mounted accessories. Refrigerant piping and specialties are
specified in Section 232300 "Refrigerant Piping."

FIELD QUALITY CONTROL

Perform tests and inspections.

Tests and Inspections:

1. Perform each visual and mechanical inspection and electrical test. Certify compliance
with test parameters.

2. Leak Test: After installation, charge system with refrigerant and oil and test for leaks.
Repair leaks, replace lost refrigerant and oil, and retest until no leaks exist.

3. Operational Test: After electrical circuitry has been energized, start units to confirm
proper motor operation and unit operation, product capability, and compliance with
requirements.

4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

5. Verify proper airflow over coils.
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C.  Verify that vibration isolation and flexible connections properly dampen vibration transmission
to structure.

3.4 DEMONSTRATION

A. Provide on-site training for Owner's maintenance personnel to adjust, operate, and maintain air-
cooled refrigerant condensers.

END OF SECTION 236313

CPL
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SECTION 237400 - PACKAGED OUTDOOR HVAC EQUIPMENT

PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary Conditions
and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:
1. Packaged Rooftop air conditioners

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include rated capacities, operating characteristics,
furnished specialties, and accessories.

1. Provide literature that indicates dimensions, weights, capacities, ratings, fan performance,
and electrical characteristics and connection requirements.

2. Provide computer generated fan curves with specified operating point clearly plotted.

3. Manufacturer’s Installation Instructions.

Shop Drawings: For air-to-air energy recovery equipment. Include plans, elevations, sections,
details, and attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances,
method of field assembly, components, and location and size of each field connection.

2. Wiring Diagrams: For power, signal, and control wiring.

REFERENCES

AFBMA 9 - Load Ratings and Fatigue Life for Ball Bearings.
AMCA 99-Standards Handbook

AMCA 500-Test Methods for Louver, Dampers, and Shutters.
AHRI 340/360 - Unitary Large Equipment

NEMA MG1-Motors and Generators

National Electrical Code.

NFPA 70-National Fire Protection Agency.

SMACNA-HVAC Duct Construction Standards-Metal and Flexible.
UL 900-Test Performance of Air Filter Units.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Plans, elevations, and other details, drawn to scale, on which the following
items are shown and coordinated with each other, using input from Installers of the items involved:
1. Suspended ceiling components.

2. Structural members to which equipment or suspension systems will be attached.

Field quality-control reports.

Clark Patterson Lee 8/3/2017
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1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For air-to-air energy recovery equipment to include in
maintenance manuals.

1.7 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged with protective covering
for storage and identified with labels describing contents.
1. Filters: One set of each type of filter specified.
2. Fan Belts: One set of belts for each belt-driven fan in energy recovery units.
3. Wheel Belts: One set of belts for each heat wheel.

1.8 QUALITY ASSURANCE

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and application.

B. ARI Compliance:
1. Capacity ratings shall comply with ARI 1060
2. Capacity ratings for air coils shall comply with ARI 410

C. ASHRAE Compliance:
1. Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and Equipment" and

Section 7 - "Construction and Startup."

2. comply with ASHRAE 84

D. NRCA Compliance: Roof curbs for roof-mounted equipment shall be constructed according to
recommendations of NRCA.

E. UL Compliance:
1. Comply with requirements in UL 1812

1.9 COORDINATION

A. Coordinate layout and installation of air-to-air energy recovery equipment and suspension system
with other construction that penetrates ceilings or is supported by them, including light fixtures,
HVAC equipment, fire-suppression system, and partition assemblies.

B. Coordinate sizes and locations of concrete bases with actual equipment provided.

C. Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with actual
equipment provided.

1.10 DELIVERY, STORAGE, AND HANDLING

A. Deliver, store, protect and handle products to site.

B. Accept products on site and inspect for damage.

C. Store in clean dry place and protect from weather and construction traffic. Handle carefully to avoid
damage to components, enclosures, and finish.

1.11  WARRANTY

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace

components equipment that fail in materials or workmanship within specified warranty period.
1. Warranty Period for Packaged Units: Two years.

Clark Patterson Lee 8/3/2017
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PART 2 - PRODUCTS

PACKAGED ENERGY RECOVERY UNITS

Manufacturers:

1. Daikin (Basis of Design)
2. Trane

3. Carrier

4. Approved equal

Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1.
Unit performance and electrical characteristics shall be per the job schedule.

Configuration: Fabricate as detailed on prints and drawings:
L. Return plenum / economizer section

2 Filter section

3 Cooling coil section

4. Supply fan section

5 Condensing unit section

The complete unit shall be cETLus listed.
The unit shall be ASHRAE 90.1-2016 compliant and labeled.

Each unit shall be specifically designed for outdoor rooftop application and include a weatherproof
cabinet. Each unit shall be completely factory assembled and shipped in one piece. Packaged units
shall be shipped fully charged with R-410 Refrigerant and oil.

The unit shall undergo a complete factory run test prior to shipment. The factory test shall include
a refrigeration circuit run test, a unit control system operations checkout, a unit refrigerant leak test
and a final unit inspection.

All units shall have decals and tags to indicate caution areas and aid unit service. Unit nameplates
shall be fixed to the main control panel door. Electrical wiring diagrams shall be attached to the
control panels. Installation, operating and maintenance bulletins and start-up forms shall be
supplied with each unit.

Performance: All scheduled EER, IEER, capacities and face areas are minimum accepted values.
All scheduled amps, kW, and HP are maximum accepted values that allow scheduled capacity to
be met.

CABINET, CASING, AND FRAME

1. Panel construction shall be double-wall construction for all panels. All floor panels shall
have a solid galvanized steel inner liner on the air stream side of the unit to protect
insulation during service and maintenance. Insulation shall be a minimum of 2" thick with
an R-value of 13.0, and shall be 2 part injected foam. Panel design shall include no exposed
insulation edges. Unit cabinet shall be designed to operate at total static pressures up to
5.0 inches w.g.

2. Exterior surfaces shall be constructed of painted galvanized steel, for aesthetics and long-
term durability. Paint finish will include a base primer with a high-quality polyester resin
topcoat. Finished, unabraded panel surfaces shall be exposed to an ASTM B117 salt spray
environment and exhibit no visible red rust at a minimum of 3,000 hours exposure.
Finished, abraded surfaces shall be tested per ASTM D1654, having a mean scribe
creepage not exceeding 1/16" at 1,000 hours minimum exposure to an ASTM B117 salt

Clark Patterson Lee 8/3/2017
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spray environment. Measurements of results shall be quantified using ASTM D1654 in
conjunction with ASTM D610 and ASTM D714 to evaluate blister and rust ratings.
Service doors shall be provided on the fan section, filter section, control panel section, and
heating vestibule in order to provide user access to unit components. All service access
doors shall be mounted on multiple, stainless steel hinges and shall be secured by a latch
system. Removable service panels secured by multiple mechanical fasteners are not
acceptable.

The unit base shall overhang the roof curb for positive water runoff and shall seat on the
roof curb gasket to provide a positive, weathertight seal. Lifting brackets shall be provided
on the unit base to accept cable or chain hooks for rigging the equipment.

L. OUTDOOR/RETURN AIR SECTION

1.

Unit shall be provided with an outdoor air economizer section. The economizer section
shall include outdoor, return, and exhaust air dampers. The economizer operation shall be
fully integral to the mechanical cooling and allow up to 100% of mechanical cooling if
needed to maintain the cooling discharge air temperature. The outdoor air hood shall be
factory installed and constructed from galvanized steel finished with the same durable paint
finish as the main unit. The hood shall include moisture eliminator filters to drain water
away from the entering air stream. The outside and return air dampers shall be sized to
handle 100% of the supply air volume. The dampers shall be parallel blade design. Damper
blades shall be gasketed with side seals to provide an air leakage rate of 1.5 cfm / square
foot of damper area at 1" differential pressure in according with testing defined in AMCA
500. A barometric exhaust damper shall be provided to exhaust air out of the back of the
unit. A bird screen shall be provided to prevent infiltration of rain and foreign materials.
Exhaust damper blades shall be lined with vinyl gasketing on contact edges. Control of the
dampers shall be by a factory installed direct coupled actuator. Damper actuator shall be
of the modulating, spring return type. A comparative enthalpy control shall be provided to
sense and compare enthalpy in both the outdoor and return air streams to determine if
outdoor air is suitable for "free" cooling. If outdoor air is suitable for "free" cooling, the
outdoor air dampers shall modulate in response to the unit's temperature control system.
Economizer assembly Fault Detection and Diagnostics (FDD) shall be 90.1, IECC, and
California Title 24 compliant. MicroTech III controls shall display a warning, and write a
warning to the BAS, if the economizer malfunctions in accordance with 90.1, IECC, and
Title 24 specifications.

M. ENERGY RECOVERY (AS SCHEDULED)

1.

The rooftop unit shall be provided with an AHRI certified rotary wheel air-to-air heat
exchanger in a cassette frame complete with seals, drive motor and drive belt. The energy
recovery wheel shall be an integral part of the rooftop unit with unitary construction, power
supply and controls and does not require field assembly. Bolt-on energy recovery units
that require field assembly and section to section gasketing and sealing are not acceptable.
The energy recovery wheels supplied must meet the scheduled capacity, and air pressure
drop. The wheel capacity, air pressure drop and effectiveness shall be AHRI certified per
AHRI Standard 1060. Thermal performance shall be certified by the manufacturer in
accordance with ASHRAE Standard 84, Method of Testing Air-to-Air Heat Exchangers
and AHRI Standard 1060, Rating Air-to-Air Heat Exchangers For Energy Recovery
Ventilation equipment. The rooftop unit shall be designed with a track so the entire energy
recovery wheel cassette can slide out from the rooftop unit to facilitate cleaning. The unit
shall have 2" Merv 8 filters for the outdoor air before the wheel to help keep the wheel
clean and reduce maintenance. A dirty filter switch and alarm shall be provided on the
Energy wheel filter rack. The total energy recovery wheel shall have an aluminum
substrate and a 3 angstrom desiccant and shall have an adjustable purge for field balancing.

Clark Patterson Lee 8/3/2017
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Q.

The rooftop unit with the energy recovery wheel shall incorporate the economizer
operation. Units with economizers and energy recovery wheels shall have a bypass
damper. When the unit is in the economizer mode of operation the energy recovery wheel
shall stop and the bypass dampers shall be opened. The outdoor air shall be drawn through
the bypass dampers to reduce the pressure drop of the outdoor airstream.

The rooftop unit DDC controller shall provide frost control for the energy recovery wheel.
When a frost condition is encountered the unit controller shall stop the wheel. When in the
frost control mode the wheel shall be jogged periodically and not be allowed to stay in the
stationary position.

EXHAUST FAN

L.

Exhaust fan shall be a single width, single inlet (SWSI) airfoil centrifugal fan. The fan
wheel shall be Class II construction with aluminum fan blades that are continuously welded
to the hub plate and end rim. The exhaust fan shall be a direct drive fan mounted to the
motor shaft. Belts and sheaves are not acceptable due to the additional maintenance.

The fan motor shall be a totally enclosed EC motor that is speed controlled by the rooftop
unit controller. The motor shall include thermal overload protection and protect the motor
in the case of excessive motor temperatures. The motor shall have phase failure protection
and prevent the motor from operation in the event of a loss of phase. Motors shall be
premium efficiency.

The unit DDC controller shall provide building static pressure control. The unit controller
shall provide proportional control of the exhaust fans from 25% to 100% of the supply air
fan designed airflow to maintain the adjustable building pressure setpoint. The field shall
mount the required sensing tubing from the building to the factory mounted building static
pressure sensor.

FILTERS

1.

Unit shall be provided with a draw-through filter section. The filter rack shall be designed
to accept a 2" prefilter and a 4" final filter. The unit design shall have a hinged access door
for the filter section. The manufacturer shall ship the rooftop unit with 2" MERV 8 and 4"
MERYV 14 filters.

COOLING COIL

L.

The indoor coil section shall be installed in a draw through configuration, upstream of the
supply air fan. The coil section shall be complete with a factory piped cooling coil and an
ASHRAE 62.1 compliant double sloped drain pan.

The direct expansion (DX) cooling coils shall be fabricated of seamless high efficiency
copper tubing that is mechanically expanded into high efficiency aluminum plate fins.
Coils shall be a multi-row, staggered tube design with a minimum of 3 rows. All cooling
coils shall have an interlaced coil circuiting that keeps the full coil face active at all load
conditions. All coils shall be factory leak tested with high pressure air under water.

The cooling coil shall have an electronic controlled expansion valve. The unit controller
shall control the expansion valve to maintain liquid subcooling and the superheat of the
refrigerant system.

The refrigerant suction lines shall be fully insulated from the expansion valve to the
COmpressors.

The drain pan shall be stainless steel and positively sloped. The slope of the drain pan shall
be in two directions and comply with ASHRAE Standard 62.1. The drain pan shall have a
minimum slope of 1/8" per foot to provide positive draining. The drain pan shall extend
beyond the leaving side of the coil. The drain pan shall have a threaded drain connection
extending through the unit base.

HOT GAS REHEAT

Clark Patterson Lee 8/3/2017
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L.

2.

4.

Unit shall be equipped with a fully modulating hot gas reheat coil with hot gas coming
from the unit condenser

Hot gas reheat coil shall be a Micro Channel design. The aluminum tube shall be a micro
channel design with high efficiency aluminum fins. Fins shall be brazed to the tubing for
a direct bond. The capacity of the reheat coil shall allow for a 20°F temperature rise at all
operating conditions.

The modulating hot gas reheat systems shall allow for independent control of the cooling
coil leaving air temperature and the reheat coil leaving air temperature. The cooling coil
and reheat coil leaving air temperature setpoints shall be adjustable through the unit
controller. During the dehumidification cycle the unit shall be capable of 100% of the
cooling capacity. The hot gas reheat coil shall provide discharge temperature control
within +/- 2°F.

Each coil shall be factory leak tested with high-pressure air under water.

R. SUPPLY FAN

1.

Supply fan shall be a single width, single inlet (SWSI) airfoil centrifugal fan. The fan
wheel shall be Class II construction with fan blades that are continuously welded to the
hub plate and end rim. The supply fan shall be a direct drive fan mounted to the motor
shaft. Belts and sheaves are not acceptable due to the additonal maintenance.

All fan assemblies shall employ solid steel fan shafts. Heavy-duty pillow block type, self-
aligning, grease lubricated ball bearings shall be used. Bearings shall be sized to provide a
L-50 life at 250,000 hours. The entire fan assembly shall be isolated from the fan bulkhead
with a flexible collar and mounted on 1" spring isolators.

All fan assemblies shall be statically and dynamically balanced at the factory, including a
final trim balance, prior to shipment.

Supply fan and motor assembly combinations larger than 8 hp or 22" diameter shall be
internally isolated on 1" deflection, spring isolators and include removable shipping tie
downs.

The motor shall be T Frame and open drip proof. Ovrload protection and speed control is
provided by the factory installed VFD and rooftop unit controller. The motor shall have
phase failure protection and prevent the motor from operation in the event of a loss of
phase. Motors shall be premium efficiency.

The supply fan shall be capable of airflow modulation from 30% to 100% of the scheduled
designed airflow. The fan shall not operate in a state of surge at any point within the
modulation range.

S. VARIABLE AIR VOLUME CONTROL

1.

An electronic variable frequency drive shall be provided for the supply air fan. Each drive
shall be factory installed out of the air stream in a conditioned cabinet. Drives shall meet
UL Standard 95-5V. The completed unit assembly shall be listed by a recognized safety
agency, such as ETL. Drives are to be accessible through a hinged door assembly.
Mounting arrangements that expose drives to high temperature unfiltered ambient air are
not acceptable.

The unit manufacturer shall install all power and control wiring.

The supply air fan drive output shall be controlled by the factory installed main unit control
system and drive status and operating speed shall be monitored and displayed at the main
unit control panel.

T. HEAT PUMP HEATING

1.

The evaporator coil, condenser coil, compressors and refrigerant circuit shall be designed
for heatpump operation. The refrigerant circuit shall contain a 4 way reversing valve for
the heatpump operation. The outdoor coil shall have an electronic expansion valve to

Clark Patterson Lee 8/3/2017
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2.

control the refrigerant flow. The unit controller shall modulate the expansion valve to
maintain compressor operation within the compressor operational envelope.
The refrigerant system shall have a pump-down cycle.

U. CONDENSING SECTION

1.

6.

Outdoor coils shall have seamless copper tubes, mechanically bonded into aluminum plate-
type fins. The fins shall have full drawn collars to completely cover the tubes. A sub-
cooling coil shall be an integral part of the main outdoor air coil. Each outdoor air coil
shall be factory leak tested with high-pressure air under water.

Fan motors shall be an ECM type motor for proportional control. The unit controller shall
proportionally control the speed of the condenser fan motors to maintain the head pressure
of the refrigerant circuit from ambient condition of 0~120°F. Mechanical cooling shall be
provided to 0° F. The motor shall include thermal overload protection and protect the motor
in the case of excessive motor temperatures. The motor shall have phase failure protection
and prevent the motor from operation in the event of a loss of phase.

The condenser fan shall be low noise blade design. Fan blade design shall be a dynamic
profile for low tip speed. Fan blade shall be of a composite material.

The unit shall have scroll compressors. One of the compressors shall be an inverter
compressor providing proportional control. The unit controller shall control the speed of
the compressor to maintain the discharge air temperature. The inverter compressor shall
have a separate oil pump and low oil safety protection.

Pressure transducers shall be provided for the suction pressure and head pressure.
Temperature sensor shall be provided for the suction temperature and the refrigerant
discharge temperature of the compressors. All of the above devices shall be an input to the
unit controller and the values be displayed at the unit controller.

Each circuit shall be dehydrated and factory charged with R-410A Refrigerant and oil.

V. ELECTRICAL

1.

Unit wiring shall comply with NEC requirements and with all applicable UL standards. All
electrical components shall be UL recognized where applicable. All wiring and electrical
components provided with the unit shall be number and color-coded and labeled according
to the electrical diagram provided for easy identification. The unit shall be provided with a
factory wired weatherproof control panel. Unit shall have a single point power terminal
block for main power connection. A terminal board shall be provided for low voltage
control wiring. Branch short circuit protection, 115-volt control circuit transformer and
fuse, system switches, and a high temperature sensor shall also be provided with the unit.
Each compressor and condenser fan motor shall be furnished with contactors and inherent
thermal overload protection. Supply fan motors shall have contactors and external overload
protection. Knockouts shall be provided in the bottom of the main control panels for field
wiring entrance.

A single non-fused disconnect switch shall be provided for disconnecting electrical power
at the unit. Disconnect switches shall be mounted internally to the control panel and
operated by an externally mounted handle.

2.2 ROOF CURB

A. A prefabricated heavy gauge galvanized steel, mounting curb shall be provided for field assembly
on the roof decking prior to unit shipment. The roof curb shall be a full perimeter type with
complete perimeter support of the air handling section and condensing section. The curb shall be a
minimum of 14" high and include a nominal 2" x 4" wood nailing strip. Gasket shall be provided
for field mounting between the unit base and roof curb.
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2.3 CONTROLS
A. Provide BACnet interface.

B.

Integrate unit with the existing facility Building Management System (BMS) for complete
monitoring and control capability.

1.

2.

The BMS shall maintain existing set points. No settings shall be lost, even during extended
power shutdowns.

The BMS control system shall permit starting and stopping of the unit locally or remotely.
The control system shall be capable of providing a remote alarm indication. The unit
control system shall provide for outside air damper actuation, emergency shutdown, remote
heat enable/disable, remote cool enable/disable, heat indication, cool indication, and fan
operation.

All digital inputs and outputs shall be protected against damage from transients or incorrect
voltages. All field wiring shall be terminated at a separate, clearly marked terminal strip.
The BMS interface shall allow convenient navigation and access to all control functions.
All control settings shall be password protected against unauthorized changes. For ease of
service, the display format shall be English language readout. Coded formats with look-up
tables will not be accepted. The user interaction with the display shall provide the
following information as a minimum:

Return air temperature.

Discharge air temperature.

Outdoor air temperature.

Space air temperature.

Outdoor enthalpy, high/low.

Compressor suction temperature and pressure

Compressor head pressure and temperature

Expansion valve position

Condenser fan speed

Inverter compressor speed

Dirty filter indication.

Airflow verification.

Cooling status.

Control temperature (Changeover).

VAYV box output status.

Cooling status/capacity.

Unit status.

All time schedules.

Active alarms with time and date.

Previous alarms with time and date.

Optimal start

Supply fan and exhaust fan speed.

System operating hours.

£ <EFPYPDOBOBE AT ER™OAO T

1) Fan

2) Exhaust fan

3) Cooling

4) Individual compressor
5) Heating

6) Economizer

7)  Tenant override
The user interaction with the keypad shall provide the following:
a. Controls mode
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1) Off manual
2) Auto

3) Heat/Cool
4) Cool only
5) Heat only

6) Fan only
b. Occupancy mode
1) Auto

2) Occupied
3)  Unoccupied
4)  Tenant override
c. Unit operation changeover control
1) Return air temperature
2) Space temperature
3)  Network signal

d. Cooling and heating change-over temperature with deadband
e. Cooling discharge air temperature (DAT)
f. Supply reset options

1) Return air temperature
2)  Outdoor air temperature
3) Space temperature
4) Airflow (VAV)
5)  Network signal
6) External (0-10 vdc)
7) External (0-20 mA)
g. Temperature alarm limits
1) High supply air temperature
2) Low supply air temperature
3) High return air temperature
Lockout control for compressors.
Compressor interstage timers
Night setback and setup space temperature.
Building static pressure.
Economizer changeover

1) Enthalpy

2) Drybulb temperature
Currently time and date
Tenant override time
Occupied/unoccupied time schedule
One event schedule
Holiday dates and duration
Adjustable set points
Service mode

1)  Timers normal (all time delays normal)

2) Timers fast (all time delays 20 sec)

6. If the unit is to be programmed with a night setback or setup function, an optional space
sensor shall be provided. Space sensors shall be available to support field selectable
features. Sensor options shall include:

a. Zone sensor with tenant override switch
b. Zone sensor with tenant override switch plus heating and cooling set point
adjustment. (Space Comfort Control systems only)

— s
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7. To increase the efficiency of the cooling system the BMS shall include a discharge air
temperature reset program for part load operating conditions. The discharge air
temperature shall be controlled between a minimum and a maximum discharge air
temperature (DAT) based on one of the following inputs:

a. Airflow

b. Outside air temperature

c. Space temperature

d. Return air temperature

e. External signal of 1-5 vdc

f. External signal of 0-20 mA

g. Network signal

PART 3 - EXECUTION

EXAMINATION

Examine areas and conditions, with Installer present, for compliance with requirements for
installation tolerances and other conditions affecting performance of the Work.

Examine casing insulation materials and filter media before air-to-air energy recovery equipment
installation. Reject insulation materials and filter media that are wet, moisture damaged, or mold
damaged.

Examine roughing-in for electrical services to verify actual locations of connections before
installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Install heat wheels so supply and exhaust airstreams flow in opposite directions and rotation is
away from exhaust side to purge section to supply side.

1. Install access doors in both supply and exhaust ducts, both upstream and downstream, for
access to wheel surfaces, drive motor, and seals.

2. Install removable panels or access doors between supply and exhaust ducts on building
side for bypass during startup.

3. Access doors and panels are specified in Section 233300 "Air Duct Accessories."

Roof Curb: Install on roof structure or concrete base, level and secure, according to ARI Guideline
B. Install air-to-air energy recovery equipment on curbs and coordinate roof penetrations and
flashing with roof construction specified in Section 077200 "Roof Accessories." Secure air-to-air
energy recovery equipment to upper curb rail, and secure curb base to roof framing or concrete
base with anchor bolts.

Install units with clearances for service and maintenance.

Install new filters at completion of equipment installation and before testing, adjusting, and
balancing.

CONNECTIONS

Comply with requirements for piping specified in Section 232113 "Hydronic Piping" and Section
232116 "Hydronic Piping Specialties." Drawings indicate general arrangement of piping, fittings,
and specialties.

Install piping adjacent to unit to allow service and maintenance.
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C. Connect piping to units mounted on vibration isolators with flexible connectors.

D. Connect cooling condensate drain pans with air seal trap at connection to drain pan and install
cleanouts at changes in pipe direction.

E. Hot Water Piping: Comply with applicable requirements in Section 232113 "Hydronic Piping" and
Section 232116 "Hydronic Piping Specialties." Install shutoff valve and union or flange at each
coil supply connection. Install balancing valve and union or flange at each coil return connection.

F. Comply with requirements for ductwork specified in Section 233113 "Metal Ducts."

Install electrical devices furnished with units but not factory mounted.
34 DUCT CONNECTIONS
A.  Comply with duct installation requirements specified in other HVAC Sections. Drawings indicate
general arrangement of ducts. The following are specific connection requirements:
1. Install ducts to termination at top of roof curb.
2. Remove roof decking only as required for passage of ducts. Do not cut out decking under
entire roof curb.
3. Connect supply ducts to RTUs with flexible duct connectors specified in Section 233300
"Air Duct Accessories."
4. Install return-air duct continuously through roof structure.
3.5 ELECTRICAL CONNECTIONS
A.  Connect electrical wiring according to Section 260519 "Low-Voltage Electrical Power
Conductors and Cables."
B.  Ground equipment according to Section 260526 "Grounding and Bonding for Electrical
Systems."
C.  Install electrical devices furnished by manufacturer, but not factory mounted, according to
NFPA 70 and NECA 1.
D. Install nameplate for each electrical connection, indicating electrical equipment designation and
circuit number feeding connection.
1. Nameplate shall be laminated acrylic or melamine plastic signs as specified in Section
260553 "lIdentification for Electrical Systems."
2. Nameplate shall be laminated acrylic or melamine plastic signs as layers of black with
engraved white letters at least 1/2 inch (13 mm) high.
3. Locate nameplate where easily visible.
3.6 CONTROL CONNECTIONS
A.  Install control and electrical power wiring to field-mounted control devices.
B.  Connect control wiring according to Section 260523 "Control-Voltage Electrical Power Cables."

Clark Patterson Lee 8/3/2017



ELLENVILLE CSD 2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1

14426.04 PACKAGED OUTDOOR HVAC EQUIPMENT 237400 - 12

3.7 FIELD QUALITY CONTROL

A. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect, test,
and adjust components, assemblies, and equipment installations, including connections.

B. 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.

C. Tests and Inspections:

1. Operational Test: After electrical circuitry has been energized, start units to confirm proper
motor rotation and unit operation.

2. Adjust seals and purge.

3. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

4. Set initial temperature and humidity set points.

5. Set field-adjustable switches and circuit-breaker trip ranges as indicated.

D. Air-to-air energy recovery equipment will be considered defective if it does not pass tests and
inspections.

E. Prepare test and inspection reports.

3.8 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain units, minimum two eight-

hour sessions.

END OF SECTION 237223
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SECTION 238216 - HYDRONIC AIR COILS
PART I - GENERAL
1.1 RELATED DOCUMENTS

1.2

1.3

1.4

1.5

2.1

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY
Section Includes:

1. Hydronic air coils.

ACTION SUBMITTALS

Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes for each air coil.
2. Include rated capacities, operating characteristics, and pressure drops for each air coil.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Floor plans, sections, and other details, or BIM model, drawn to scale,
showing the items described in this Section and coordinated with all building trades.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For air coils to include in operation and maintenance
manuals.

PART 2 - PRODUCTS

PERFORMANCE REQUIREMENTS

ASHRAE 62.1 Compliance: Comply with applicable requirements in ASHRAE 62.1, Section 5,
"Systems and Equipment," and Section 7, "Construction and Startup."”

Performance Ratings: Tested and rated in accordance with AHRI 410 and ASHRAE 33.
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C.  Minimum Working-Pressure/Temperature Ratings: 200 psig (1380 kPa)/300 deg F (149
deg C)].

D.  Select cooling coils for no moisture carryover at design conditions. Provide moisture
eliminators on discharge face of cooling coil if necessary to eliminate moisture carryover.

2.2 HYDRONIC AIR COILS

A.  ACCEPTABLE MANUFACTURERS

1. Daikin Applied.
2. LJ Wing.
3. Trane.
4. Carrier.
5. York.
6. Approved equal
B.  Source Limitations: Obtain hydronic coils from single source from single manufacturer.

C.  Description: Coils constructed of staggered tubes mechanically expanded into continuous
collars that are die-formed into the coil fins; self-venting; counterflow design of air to fluid.

D.  Piping Connections: Threaded.
E. Tubes: Copper, complying with ASTM B 75.
L. Tube Diameter: 0.625 inch
F. Tubes: Red brass, complying with ASTM B 111.

1. Tube Diameter: 0.625 inch.
2. Minimum Tube Thickness: 0.020 inch.

G. Tubes: Stainless steel, 0.625-inch diameter.
H. Tubes: Carbon steel, 0.75-inch diameter.
L Fins: Aluminum with fin spacing 0.0075 inch.
J. Frames: ASTM A 666, Type stainless steel, minimum 0.0625 inch thick for mounting.
K.  Ratings: Design tested and rated according to ASHRAE 33 and ARI 410.
1. Working Pressure Ratings: 200 psig, 325 deg F.
L. Source Quality Control: Test to 300 psig, and to 200 psig underwater.

M. Holes: Include number, size, and location of holes in casing and end tube sheets required for
coil installation.

N.  Nameplate: Aluminum or stainless steel nameplate with brass or stainless steel chain for each
coil, with the following data engraved or embossed:

HYDRONIC AIR COILS 238216.11-2



ELLENVILLE CSD 2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 238216 -3

Manufacturer name, address, telephone number, and website address.
Manufacturer model number.

Serial number.

Manufacturing date.

Coil identification (indicated on Drawings).
Coil fin length.

Coil fin height.

Coil weight with fluid/without fluid.

9. Coil casing material and thickness.

10.  Coil fin material and thickness.

11.  Coil tube material and thickness.

12.  Coil header material and thickness.

PN R WD =

O. Comply with Section 230546 "Coatings for HVAC" for corrosion-resistant coating. See
Drawings for coils requiring a corrosion-resistant coating.

P. Coating: None

23 OPERATION

A. Volume of air passing through the coil shall not vary more than +/-5% regardless of the position
of the internal dampers.

B. The temperature at any point in a parallel plane to the face of the coil three feet downstream fro
mthe leaving air side will not vary more than +/-5 degrees F from the average discharge air strea
m temperature.

2.4 CASINGS
A. Casing Style

1. Contractor Coil with flanged casing.
B. Casing Material.

1. Galvanized Steel.

2.5 SOURCE QUALITY CONTROL

A.  Hydronic Coils: Factory tested with air while coil is completely submerged underwater to
design pressure indicated, but not less than [300-psig (2070-kPa)] internal pressure.

B.  Coils to display a tag with inspector's identification as proof of testing.

PART 3 - EXECUTION

3.1 EXAMINATION

A.  Examine ducts, plenums, and casings to receive air coils for compliance with requirements for
installation tolerances and other conditions affecting coil performance.
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B.  Examine roughing-in for piping systems to verify actual locations of piping connections before
coil installation.

C.  Proceed with installation only after unsatisfactory conditions have been corrected.

32 INSTALLATION

A. Install coils level and plumb.

B.  Install coils in metal ducts and casings constructed in accordance with SMACNA's "HVAC
Duct Construction Standards, Metal and Flexible."

C.  Straighten bent fins on air coils.

D.  Clean coils using materials and methods recommended in writing by manufacturers, and clean
inside of casings and enclosures to remove dust and debris.

3.3 PIPING CONNECTIONS

A.  Piping installation requirements are specified in other Sections. Drawings indicate general
arrangement of piping, fittings, and specialties.

B.  Install piping adjacent to coils to allow service and maintenance.

C.  Connect water piping with unions and shutoff valves to allow coils to be disconnected without
draining piping. Control valves are specified in Section 230923.11 "Control Valves," and other
piping specialties are specified in Section 232116 "Hydronic Piping Specialties."

3.4 CLEANING

A.  After completing system installation, including outlet fitting and devices, inspect exposed
finish. Remove burrs, dirt, and construction debris and repair damaged finishes.

B.  Clean coils using materials and methods recommended in writing by manufacturers, and clean

inside of casings and enclosures to remove dust and debris.

END OF SECTION 238216
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