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SECTION 230001 - GENERAL PROVISIONS FOR MECHANICAL WORK

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.

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

1.2 WORK INCLUDED 

A. 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.   

1.3 SCOPE

A. 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.

B. 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.

C. 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.

D. 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.

E. 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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F. 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.

G. 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.

H. 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.

I. 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.

1.4 REFERENCE STANDARDS, CODES AND REGULATIONS

A. 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.

B. 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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11. ETL ETL Testing Laboratories
12. FMS Factory Mutual Engineering and Research Corporation
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. 

C. 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 1.5 QUALITY ASSURANCE

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

B. Supply all equipment and accessories new and free from defects.

C. 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.

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

1.6 DESCRIPTION OF BID DOCUMENTS

A. 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.

B. 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, 

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.

C. 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.

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

E. 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.

1.7 EQUIPMENT MANUFACTURERS

A. 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.

B. 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.

C. 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. 

1.8 DEFINITIONS

A. "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.

O. "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 
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.
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.

4. 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. 

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

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

7. 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.

8. Provide new material and equipment required for relocated equipment.
9. Plug or cap active piping or ductwork behind or below finish.
10. Do not leave long dead-end branches.

a. Cap or plug as close as possible to active line.
11. Remove unused piping, ductwork and equipment.
12. Dispose of unusable piping, ductwork and material.

1.10 CLEARANCE FROM ELECTRICAL EQUIPMENT

A. 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.

2. Prohibited, except as noted, over or within 5 ft. of:
a. Transformers.
b. Substations.
c. Switchboards.
d. Motor control centers.
e. Standby power plant.
f. Bus ducts.
g. Electrical panels.

3. Drip pans under piping:
a. Only where unavoidable and approved.
b. 18 gauge galvanized steel.

1) With bituminous paint coating.
c. Reinforced and supported.
d. Watertight.
e. With 1-1/4 inch drain outlet piped to floor drain or service sink.

1.11 TEMPORARY FACILITIES

A. 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 PRODUCT DELIVERY, HANDING AND STORAGE

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

B. 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.

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

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

E. Handle and ship in accordance with manufacturer's recommendations.

F. Provide protective coverings during construction.

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

H. Tag all items with weatherproof tag, identifying equipment by name and purchase order number.

I. Include packing and shipping lists.

J. Adhere to special requirements as specified in individual sections.

1.14 PROTECTION OF MATERIALS

A. 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.

B. Provide temporary storage facilities for materials and equipment.

C. 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.



ELLENVILLE CSD                                           2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 GENERAL PROVISIONS FOR MECHANICAL WORK 230001 - 9

CPL

D. 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.

E. 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.

F. 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.

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

1.15 REVIEW OF CONSTRUCTION

A. Work may be reviewed at any time by representative of the Engineer.

B. 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.

C. Neither backfill nor conceal work without Engineer's consent.

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

1.16 SCHEDULE OF WORK

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

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

C. 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.

D. Arrange with Owner schedule for work in each area.

E. Unless otherwise directed by Owner, perform work during normal working hours.

F. 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.

1.17 ACCESS TO MECHANICAL WORK

A. Access doors in walls and ceilings.

B. 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.

C. 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.

D. 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.

1.18 CONCRETE FOR MECHANICAL WORK

A. Concrete for Mechanical Work
1. Basins and curbs for mechanical equipment.
2. Mechanical equipment foundations and housekeeping pads.  
3. Inertia bases for isolation of mechanical work.
4. Rough grouting in and around mechanical work.
5. Patching concrete cut to accommodate mechanical work.

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

C. 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"
ACI 311 "Recommended Practice for Concrete Inspection"
ACI 318 "Building Code Requirements for Reinforced Concrete"
ACI 347 "Recommended Practice for Concrete Form work"
ACI 304 "Recommended Practice for Measuring, Mixing, Transporting and Placing 
Concrete"
Concrete Reinforcing Steel Institute's, "Manual of Standard Practice"

D. 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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E. 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).

1.19 NOISE REDUCTION

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

B. 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.

1.20 CUTTING AND PATCHING

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

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

1.21 COORDINATION DRAWINGS

A. 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 

assurance by General Contractor.

B. 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.

1.22 GUARANTEE

A. 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.

B. 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.

C. 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.  

D. 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.

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

F. 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

2.1 MATERIALS AND EQUIPMENT QUALITY

A. 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.

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

2.2 ACCESS TO MECHANICAL WORK

A. 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.

B. Access Door Construction:  Refer to Section 083113 – ACCESS DOORS AND FRAMES

PART 3 - EXECUTION

3.1 FIELD QUALITY CONTROL

A. Tests:
1. Perform as specified in individual sections, and as required by authorities having 

jurisdiction.
2. Duration as noted.

B. Provide required labor, material, equipment, and connections.

C. Furnish written report and certification those tests have been satisfactorily completed. 

D. 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.

END OF SECTION 230001
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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.

E. Multispeed Motors:  Separate winding for each speed.

F. Rotor:  Random-wound, squirrel cage.
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G. Bearings:  Regreasable, shielded, 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.

2.4 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 
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

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Sleeves.
2. Stack-sleeve fittings.
3. Sleeve-seal systems.
4. Sleeve-seal fittings.
5. Grout.

1.3 ACTION SUBMITTALS

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

PART 2 - PRODUCTS

2.1 SLEEVES

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

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

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

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

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

2.2 STACK-SLEEVE FITTINGS

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following:
1. Smith, Jay R. Mfg. Co.
2. Zurn Specification Drainage Operation; Zurn Plumbing Products Group.

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

2.3 SLEEVE-SEAL SYSTEMS

A. 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.

B. Description:  Modular sealing-element unit, designed for field assembly, for filling annular space 
between piping and sleeve.
1. Sealing Elements:  EPDM-rubber interlocking links shaped to fit surface of pipe.  Include 

type and number required for pipe material and size of pipe.
2. Pressure Plates:  Carbon steel.
3. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, of length 

required to secure pressure plates to sealing elements.

2.4 SLEEVE-SEAL FITTINGS

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following:
1. Presealed Systems.

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

2.5 GROUT

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

B. Characteristics:  Nonshrink; recommended for interior and exterior applications.

C. Design Mix:  5000-psi, 28-day compressive strength.

D. Packaging:  Premixed and factory packaged.

PART 3 - EXECUTION

3.1 SLEEVE INSTALLATION

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

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

C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls 
are constructed.
1. 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.

D. 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 

appropriate for size, depth, and location of joint.  Comply with requirements for sealants 
specified in Section 079200 "Joint Sealants."

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

3.2 STACK-SLEEVE-FITTING INSTALLATION

A. Install stack-sleeve fittings in new slabs as slabs are constructed.
1. Install fittings that are large enough to provide 1/4-inch annular clear space between 

sleeve and pipe or pipe insulation.
2. Secure flashing between clamping flanges for pipes penetrating floors with membrane 

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

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

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

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

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

3.3 SLEEVE-SEAL-SYSTEM INSTALLATION

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

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

3.4 SLEEVE-SEAL-FITTING INSTALLATION

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

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

C. Secure nailing flanges to concrete forms.

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

3.5 SLEEVE AND SLEEVE-SEAL SCHEDULE

A. Use sleeves and sleeve seals for the following piping-penetration applications:
1. Exterior Concrete Walls above Grade:

a. Piping Smaller Than NPS 6:  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

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. Escutcheons.
2. Floor plates.

1.3 ACTION SUBMITTALS

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

PART 2 - PRODUCTS

2.1 ESCUTCHEONS

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

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

2.2 FLOOR PLATES

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

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

PART 3 - EXECUTION

3.1 INSTALLATION

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

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

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

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

3.2 FIELD QUALITY CONTROL

A. 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

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Bronze ball valves.
2. Bronze gate valves.
3. Iron gate valves.

B. Related Sections:
1. Section 230553 "Identification for HVAC Piping and Equipment" for valve tags and 

schedules.

1.3 DEFINITIONS

A. CWP:  Cold working pressure.

B. EPDM:  Ethylene propylene copolymer rubber.

C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber.

D. NRS:  Nonrising stem.

E. OS&Y:  Outside screw and yoke.

F. RS:  Rising stem.

G. SWP:  Steam working pressure.

1.4 ACTION SUBMITTALS

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

1.5 QUALITY ASSURANCE

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

B. ASME Compliance:
1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
2. ASME B31.1 for power piping valves.
3. ASME B31.9 for building services piping valves.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Prepare valves for shipping as follows:
1. Protect internal parts against rust and corrosion.
2. Protect threads, flange faces, grooves, and weld ends.
3. Set angle, gate, and globe valves closed to prevent rattling.
4. Set ball and plug valves open to minimize exposure of functional surfaces.
5. Set butterfly valves closed or slightly open.
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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 

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

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

PART 2 - PRODUCTS

2.1 GENERAL REQUIREMENTS FOR VALVES

A. Refer to HVAC valve schedule articles for applications of valves.

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

C. Valve Sizes:  Same as upstream piping unless otherwise indicated.

D. Valve Actuator Types:
1. Gear Actuator:  For quarter-turn valves NPS 8 and larger.
2. Handwheel:  For valves other than quarter-turn types.
3. Handlever:  For quarter-turn valves NPS 6 and smaller.
4. Wrench:  For plug valves with square heads.  Furnish Owner with 1 wrench for every 5 

plug valves, for each size square plug-valve head.
5. Chainwheel:  Device for attachment to valve handwheel, stem, or other actuator; of size 

and with chain for mounting height, as indicated in the "Valve Installation" Article.

E. Valves in Insulated Piping:  With 2-inch stem extensions and the following features:
1. Gate Valves:  With rising stem.
2. Ball Valves:  With extended operating handle of non-thermal-conductive material, and 

protective sleeve that allows operation of valve without breaking the vapor seal or 
disturbing insulation.

3. Butterfly Valves:  With extended neck.

F. Valve-End Connections:
1. Flanged:  With flanges according to ASME B16.1 for iron valves.
2. Grooved:  With grooves according to AWWA C606.
3. Solder Joint:  With sockets according to ASME B16.18.
4. Threaded:  With threads according to ASME B1.20.1.

G. Valve Bypass and Drain Connections:  MSS SP-45.

2.2 BRONZE BALL VALVES

A. 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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g. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
2. Description:

a. Standard:  MSS SP-110.
b. SWP Rating:  150 psig.
c. CWP Rating:  600 psig.
d. Body Design:  Two piece.
e. Body Material:  Bronze.
f. Ends:  Threaded.
g. Seats:  PTFE or TFE.
h. Stem:  Stainless steel.
i. Ball:  Stainless steel, vented.
j. Port:  Full.

2.3 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.
l. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
m. Zy-Tech Global Industries, Inc.

2. Description:
a. Standard:  MSS SP-70, Type I.
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.
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i. NIBCO INC.
j. Powell Valves.
k. Red-White Valve Corporation.
l. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
m. Zy-Tech Global Industries, Inc.

2. Description:
a. Standard:  MSS SP-70, Type I.
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

3.1 EXAMINATION

A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove 
special packing materials, such as blocks, used to prevent disc movement during shipping and 
handling.

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

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

D. Examine mating flange faces for conditions that might cause leakage.  Check bolting for proper 
size, length, and material.  Verify that gasket is of proper size, that its material composition is 
suitable for service, and that it is free from defects and damage.

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

3.2 VALVE INSTALLATION

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

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

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

D. Install valves in position to allow full stem movement.

E. Install check valves for proper direction of flow and as follows:
1. Swing Check Valves:  In horizontal position with hinge pin level.

3.3 ADJUSTING

A. Adjust or replace valve packing after piping systems have been tested and put into service but 
before final adjusting and balancing.  Replace valves if persistent leaking occurs.

3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS

A. If valve applications are not indicated, use the following:
1. Shutoff Service:  Ball, butterfly or gate valves.
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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:
1. Iron Ball Valves, NPS 2-1/2 to NPS 10:  Class 150.
2. Iron, Single-Flange Butterfly Valves, NPS 2-1/2 to NPS 12:  200 CWP, EPDM seat, 

aluminum-bronze disc.
3. Iron Swing Check Valves:  Class 125, nonmetallic-to-metal seats.
4. Iron Gate Valves:  Class 125, OS&Y.

END OF SECTION 230523
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SECTION 230550 - WIND RESTRAINT FOR HVAC SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SECTION INCLUDES

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

1.3 APPLICABLE CODES AND STANDARDS

A. Provide work in compliance with the following codes and standards:

B. 2018 International Building Code (Section 1609).

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

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

1.4 QUALITY ASSURANCE

A. 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.

1.5 SUBMITTALS

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

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

C. Submit manufacturer's product data.

D. 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 
(Section 1609) and American Society of Civil Engineers ASCE/SEI 7-16. The following criteria are 
applicable to this project:
1. Nominal Design Wind Speed (V) (Per ASCE 7-16):  120 mph.
2. Risk Category (Per ASCE 7-16): III
3. Exposure Category (Per ASCE 7-16): C
4. Height and Exposure Adjustment Coefficient (Per ASCE 7-16): 1.21

2.2 WIND BRACING AND SUPPORT OF SYSTEMS AND COMPONENTS

A. General:
1. 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.
2. Analysis shall detail anchoring methods, bolt diameter, and embedment depth.
3. 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.

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

PART 3 -  EXECUTION

3.1 INSTALLATION

A. Wind Restraint of Ductwork and Equipment:
1. All restraint systems shall be installed in strict accordance with the manufacturer's restraint 

guidelines and all certified submittal data.
2. The interaction between mechanical and electrical equipment and the supporting structures 

shall be designed into the restraint systems.
3. Friction clips shall not be used for anchorage attachments.
4. Expansion anchors shall not be used for non-vibration isolated equipment rated over 10 HP.
5. 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.
6. Installation of restraints shall not cause any change in position of equipment or ductwork, 

resulting in stresses or misalignment.
7. Exhaust fans with hinge kits shall have wind restraint fasteners installed on the hinged side, 

same as the three (3) non-hinged sides.
8. No rigid connections between equipment and the building structure shall be made that 

degrade the noise and vibration-isolation system specified.
9. Do not install any equipment or duct that makes rigid connections with the building unless 

isolation is not specified.
10. 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.

11. 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 not acceptable.

14. Provide reinforced clevis bolts where required.
15. Do not brace a system to two independent structures such as a roof and wall.

END OF SECTION



ELLENVILLE CSD                                           2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 230553 - 1

CPL

SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Equipment labels.
2. Pipe labels.
3. Duct labels.
4. Valve tags.
5. Warning tags.

1.3 ACTION SUBMITTALS

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

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

C. Valve numbering scheme.

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

1.4 COORDINATION

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

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

C. Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

2.1 EQUIPMENT LABELS

A. Metal Labels for Equipment:
1. Material and Thickness:  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.

B. 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.

2. Letter Color:  White.
3. Background Color:  Black.
4. Maximum Temperature:  Able to withstand temperatures up to 160 deg F.
5. 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.

C. 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.

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

2.2 PIPE LABELS

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

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

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

D. Pipe Label Contents:  Include identification of piping service using same designations or 
abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.
1. Flow-Direction Arrows:  Integral with piping system service lettering to accommodate 

both directions, or as separate unit on each pipe label to indicate flow direction.
2. Lettering Size:  At least 1-1/2 incheshigh.

2.3 DUCT LABELS

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

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

C. 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-
inch numbers.
1. Tag Material:  Brass, 0.032-inch minimum thickness, and having predrilled or stamped 

holes for attachment hardware.
2. Fasteners:  Brass wire-link or beaded chain; or S-hook.

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

2.5 WARNING TAGS

A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags, of plasticized card 
stock with matte finish suitable for writing.
1. Size:  Approximately 4 by 7 inches.
2. Fasteners:  Brass grommet and wire.
3. Nomenclature:  Large-size primary caption such as "DANGER," "CAUTION," or "DO 

NOT OPERATE."
4. Color:  Yellow background with black lettering.

PART 3 - EXECUTION

3.1 PREPARATION

A. Clean piping and equipment surfaces of substances that could impair bond of identification 
devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and 
encapsulants.

3.2 EQUIPMENT LABEL INSTALLATION

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

B. Locate equipment labels where accessible and visible.

3.3 PIPE LABEL INSTALLATION

A. 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.

B. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; 
machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior 
exposed locations as follows:

1. Near each valve and control device.
2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  

Where flow pattern is not obvious, mark each pipe at branch.
3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures.
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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.

3.4 DUCT LABEL INSTALLATION

A. Install self-adhesive duct labels with permanent adhesive on air ducts in the following color 
codes:
1. Blue:  For cold-air supply ducts.
2. Yellow:  For hot-air supply ducts.
3. Green:  For exhaust-, outside-, relief-, return-, and mixed-air ducts.
4. ASME A13.1 Colors and Designs:  For hazardous material exhaust.

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

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

3.5 VALVE-TAG INSTALLATION

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

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

a. 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 
required.

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

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Balancing Air Systems:

a. Constant-volume air systems.
2. Balancing Hydronic Piping Systems:

a. Constant-flow hydronic systems.

1.3 DEFINITIONS

A. AABC:  Associated Air Balance Council.

B. NEBB:  National Environmental Balancing Bureau.

C. TAB:  Testing, adjusting, and balancing.

1.4 INFORMATIONAL SUBMITTALS

A. 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.

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

C. Certified TAB reports.

D. Sample report forms.

E. Instrument calibration reports, to include the following:
1. Instrument type and make.
2. Serial number.
3. Application.
4. Dates of use.
5. Dates of calibration.

1.5 QUALITY ASSURANCE

A. TAB Contractor Qualifications:  Engage a TAB entity certified by 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.

B. 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.

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

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

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

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

1.6 PROJECT CONDITIONS

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

1.7 COORDINATION

A. 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

3.1 EXAMINATION

A. Examine the Contract Documents to become familiar with Project requirements and to discover 
conditions in systems' designs that may preclude proper TAB of systems and equipment.

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

C. Examine the approved submittals for HVAC systems and equipment.

D. Examine design data including HVAC system descriptions, statements of design assumptions for 
environmental conditions and systems' output, and statements of philosophies and assumptions 
about HVAC system and equipment controls.

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

F. Examine equipment performance data including fan and pump curves.
1. Relate performance data to Project conditions and requirements, including system effects 

that can create undesired or unpredicted conditions that cause reduced capacities in all or 
part of a system.

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when 
installed under conditions different from the conditions used to rate equipment 
performance.  To calculate system effects for air systems, use tables and charts found in 
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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.

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

H. Examine test reports specified in individual system and equipment Sections.

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

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

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

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

M. Examine heat-transfer coils for correct piping connections and for clean and straight fins.

N. Examine system pumps to ensure absence of entrained air in the suction piping.

O. Examine operating safety interlocks and controls on HVAC equipment.

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

3.2 PREPARATION

A. Complete system-readiness checks and prepare reports.  Verify the following:
1. Permanent electrical-power wiring is complete.
2. Hydronic systems are filled, clean, and free of air.
3. Automatic temperature-control systems are operational.
4. Equipment and duct access doors are securely closed.
5. Balance, smoke, and fire dampers are open.
6. Isolating and balancing valves are open and control valves are operational.
7. Ceilings are installed in critical areas where air-pattern adjustments are required and 

access to balancing devices is provided.
8. Windows and doors can be closed so indicated conditions for system operations can be 

met.

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING

A. Perform testing and balancing procedures on each system according to the procedures contained 
in 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."

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum 
extent necessary for TAB procedures.
1. After testing and balancing, 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."

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

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

3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

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

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

C. For variable-air-volume systems, develop a plan to simulate diversity.

D. Determine the best locations in main and branch ducts for accurate duct-airflow measurements.

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

F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.

G. Verify that motor starters are equipped with properly sized thermal protection.

H. Check dampers for proper position to achieve desired airflow path.

I. Check for airflow blockages.

J. Check condensate drains for proper connections and functioning.

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

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

3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by 
fan manufacturer.
1. Measure total airflow.

a. Where sufficient space in ducts is unavailable for Pitot-tube traverse 
measurements, measure airflow at terminal outlets and inlets and calculate the 
total airflow.

2. Measure fan static pressures as follows to determine actual static pressure:
a. Measure outlet static pressure as far downstream from the fan as practical and 

upstream from restrictions in ducts such as elbows and transitions.
b. Measure static pressure directly at the fan outlet or through the flexible 

connection.
c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan 

as possible, upstream from the flexible connection, and downstream from duct 
restrictions.

d. Measure inlet static pressure of double-inlet fans through the wall of the plenum 
that houses the fan.
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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.

B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated 
airflows within specified tolerances.
1. Measure airflow of submain and branch ducts.

a. Where sufficient space in submain and branch ducts is unavailable for Pitot-tube 
traverse measurements, measure airflow at terminal outlets and inlets and 
calculate the total airflow for that zone.

2. Measure static pressure at a point downstream from the balancing damper, and adjust 
volume dampers until the proper static pressure is achieved.

3. Remeasure each submain and branch duct after all have been adjusted.  Continue to 
adjust submain and branch ducts to indicated airflows within specified tolerances.

C. Measure air outlets and inlets without making adjustments.
1. Measure terminal outlets using a direct-reading hood or outlet manufacturer's written 

instructions and calculating factors.

D. Adjust air outlets and inlets for each space to indicated airflows within specified tolerances of 
indicated values.  Make adjustments using branch volume dampers rather than extractors and the 
dampers at air terminals.
1. Adjust each outlet in same room or space to within specified tolerances of indicated 

quantities without generating noise levels above the limitations prescribed by the 
Contract Documents.

2. Adjust patterns of adjustable outlets for proper distribution without drafts.

3.6 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS

A. Prepare test reports with pertinent design data, and number in sequence starting at pump to end of 
system.  Check the sum of branch-circuit flows against the approved pump flow rate.  Correct 
variations that exceed plus or minus 5 percent.

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

C. Prepare hydronic systems for testing and balancing according to the following, in addition to the 
general preparation procedures specified above:
1. Open all manual valves for maximum flow.
2. Check liquid level in expansion tank.
3. Check makeup water-station pressure gage for adequate pressure for highest vent.
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4. Check flow-control valves for specified sequence of operation, and set at indicated flow.
5. Set differential-pressure control valves at the specified differential pressure.  Do not set at 

fully closed position when pump is positive-displacement type unless several terminal 
valves are kept open.

6. Set system controls so automatic valves are wide open to heat exchangers.
7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so 

motor nameplate rating is not exceeded.
8. Check air vents for a forceful liquid flow exiting from vents when manually operated.

3.7 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS

A. Measure water flow at pumps.  Use the following procedures except for positive-displacement 
pumps:
1. Verify impeller size by operating the pump with the discharge valve closed.  Read 

pressure differential across the pump.  Convert pressure to head and correct for 
differences in gage heights.  Note the point on manufacturer's pump curve at zero flow 
and verify that the pump has the intended impeller size.
a. If impeller sizes must be adjusted to achieve pump performance, obtain approval 

from 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.

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

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

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

E. Measure flow at all stations and adjust, where necessary, to obtain first balance.
1. System components that have Cv rating or an accurately cataloged flow-pressure-drop 

relationship may be used as a flow-indicating device.

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

G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows:
1. Determine the balancing station with the highest percentage over indicated flow.
2. Adjust each station in turn, beginning with the station with the highest percentage over 

indicated flow and proceeding to the station with the lowest percentage over indicated 
flow.

3. Record settings and mark balancing devices.

H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump 
heads, and systems' pressures and temperatures including outdoor-air temperature.
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I. Measure the differential-pressure-control-valve settings existing at the conclusion of balancing.

J. Check settings and operation of each safety valve.  Record settings.

3.8 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.
1. 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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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.

B. Status Reports:  Prepare biweekly progress reports to describe completed procedures, procedures 
in progress, and scheduled procedures.  Include a list of deficiencies and problems found in 
systems being tested and balanced.  Prepare a separate report for each system and each building 
floor for systems serving multiple floors.

3.14 FINAL REPORT

A. General:  Prepare a certified written report; tabulate and divide the report into separate sections 
for tested systems and balanced systems.
1. Include a certification sheet at the front of the report's binder, signed and sealed by the 

certified testing and balancing engineer.
2. Include a list of instruments used for procedures, along with proof of calibration.

B. Final Report Contents:  In addition to certified field-report data, include the following:
1. Pump curves.
2. Fan curves.
3. Manufacturers' test data.
4. Field test reports prepared by system and equipment installers.
5. Other information relative to equipment performance; do not include Shop Drawings and 

product data.

C. General Report Data:  In addition to form titles and entries, include the following data:
1. Title page.
2. Name and address of the TAB contractor.
3. Project name.
4. Project location.
5. Architect's name and address.
6. Engineer's name and address.
7. Contractor's name and address.
8. Report date.
9. Signature of TAB supervisor who certifies the report.
10. Table of Contents with the total number of pages defined for each section of the report.  

Number each page in the report.
11. Summary of contents including the following:

a. Indicated versus final performance.
b. Notable characteristics of systems.
c. Description of system operation sequence if it varies from the Contract 

Documents.
12. Nomenclature sheets for each item of equipment.
13. Data for terminal units, including manufacturer's name, type, size, and fittings.
14. Notes to explain why certain final data in the body of reports vary from indicated values.
15. Test conditions for fans and pump performance forms including the following:

a. Settings for outdoor-, return-, and exhaust-air dampers.
b. Conditions of filters.
c. Cooling coil, wet- and dry-bulb conditions.
d. Face and bypass damper settings at coils.
e. Fan drive settings including settings and percentage of maximum pitch diameter.
f. Inlet vane settings for variable-air-volume systems.
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g. Settings for supply-air, static-pressure controller.
h. Other system operating conditions that affect performance.

D. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present 
each system with single-line diagram and include the following:
1. Quantities of outdoor, supply, return, and exhaust airflows.
2. Water and steam flow rates.
3. Duct, outlet, and inlet sizes.
4. Pipe and valve sizes and locations.
5. Terminal units.
6. Balancing stations.
7. Position of balancing devices.

E. 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.
i. 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:
a. Motor make, and frame type and size.
b. Horsepower and rpm.
c. Volts, phase, and hertz.
d. Full-load amperage and service factor.
e. Sheave make, size in inches, and bore.
f. Center-to-center dimensions of sheave, and amount of adjustments in inches.

3. Test Data (Indicated and Actual Values):
a. Total air flow rate in cfm.
b. Total system static pressure in inches wg.
c. Fan rpm.
d. Discharge static pressure in inches wg.
e. Filter static-pressure differential in inches wg.
f. Preheat-coil static-pressure differential in inches wg.
g. Cooling-coil static-pressure differential in inches wg.
h. Heating-coil static-pressure differential in inches wg.
i. Outdoor airflow in cfm.
j. Return airflow in cfm.
k. Outdoor-air damper position.
l. Return-air damper position.
m. Vortex damper position.

F. Apparatus-Coil Test Reports:
1. Coil Data:

a. System identification.
b. Location.
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c. Coil type.
d. Number of rows.
e. Fin spacing in fins per inch o.c.
f. Make and model number.
g. Face area in sq. ft..
h. Tube size in NPS.
i. Tube and fin materials.
j. Circuiting arrangement.

2. Test Data (Indicated and Actual Values):
a. Air flow rate in cfm.
b. Average face velocity in fpm.
c. Air pressure drop in inches wg.
d. Outdoor-air, wet- and dry-bulb temperatures in deg F.
e. Return-air, wet- and dry-bulb temperatures in deg F.
f. Entering-air, wet- and dry-bulb temperatures in deg F.
g. Leaving-air, wet- and dry-bulb temperatures in deg F.
h. Water flow rate in gpm.
i. Water pressure differential in feet of head or psig.
j. Entering-water temperature in deg F.
k. Leaving-water temperature in deg F.
l. Refrigerant expansion valve and refrigerant types.
m. Refrigerant suction pressure in psig.
n. Refrigerant suction temperature in deg F.
o. Inlet steam pressure in psig.

G. Fan Test Reports:  For supply, return, and exhaust fans, include the following:
1. Fan Data:

a. System identification.
b. Location.
c. Make and type.
d. Model number and size.
e. Manufacturer's serial number.
f. Arrangement and class.
g. Sheave make, size in inches, and bore.
h. Center-to-center dimensions of sheave, and amount of adjustments in inches.

2. Motor Data:
a. Motor make, and frame type and size.
b. Horsepower and rpm.
c. Volts, phase, and hertz.
d. Full-load amperage and service factor.
e. Sheave make, size in inches, and bore.
f. Center-to-center dimensions of sheave, and amount of adjustments in inches.
g. Number, make, and size of belts.

3. Test Data (Indicated and Actual Values):
a. Total airflow rate in cfm.
b. Total system static pressure in inches wg.
c. Fan rpm.
d. Discharge static pressure in inches wg.
e. Suction static pressure in inches wg.

H. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a diagram with a grid 
representing the duct cross-section and record the following:



ELLENVILLE CSD                                           2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 12

1. Report Data:
a. System and air-handling-unit number.
b. Location and zone.
c. Traverse air temperature in deg F.
d. Duct static pressure in inches wg.
e. Duct size in inches.
f. Duct area in sq. ft..
g. Indicated air flow rate in cfm.
h. Indicated velocity in fpm.
i. Actual air flow rate in cfm.
j. Actual average velocity in fpm.
k. Barometric pressure in psig.

I. System-Coil Reports:  For reheat coils and water coils of terminal units, include the following:
1. Unit Data:

a. System and air-handling-unit identification.
b. Location and zone.
c. Room or riser served.
d. Coil make and size.
e. Flowmeter type.

2. Test Data (Indicated and Actual Values):

a. Air flow rate in cfm.
b. Entering-water temperature in deg F.
c. Leaving-water temperature in deg F.
d. Water pressure drop in feet of head or psig.
e. Entering-air temperature in deg F.
f. Leaving-air temperature in deg F.

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

B. Final Inspection:
1. After initial inspection is complete and documentation by random checks verifies that 

testing and balancing are complete and accurately documented in the final report, request 
that a final inspection be made by Engineer.

2. 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.

3. 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."

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

C. TAB Work will be considered defective if it does not pass final inspections.  If TAB Work fails, 
proceed as follows:
1. Recheck all measurements and make adjustments.  Revise the final report and balancing 

device settings to include all changes; resubmit the final report and request a second final 
inspection.

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

D. Prepare test and inspection reports.

3.16 ADDITIONAL TESTS

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

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

END OF SECTION 230593
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SECTION 230713 - DUCT INSULATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section includes insulating the following duct services:
1. Indoor, concealed supply and outdoor air.
2. Indoor, exposed supply and outdoor air.
3. Indoor, exposed, Type I, commercial, kitchen hood exhaust.

B. Related Sections:
1. Section 230719 "HVAC Piping Insulation."
2. Section 233113 "Metal Ducts" for duct liners.

1.3 ACTION SUBMITTALS

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

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work.
1. Detail application of protective shields, saddles, and inserts at hangers for each type of 

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

type of insulation.
3. Detail application of field-applied jackets.
4. Detail application at linkages of control devices.

1.4 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For qualified Installer.

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

C. Field quality-control reports.

1.5 QUALITY ASSURANCE

A. 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.  
Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSK 
jacket.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
1. Products:  Subject to compliance with requirements, 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 
MIL-PRF-19565C, Type II.



ELLENVILLE CSD                                           2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 DUCT INSULATION 230713 - 4

CPL

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

B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below ambient services.
1. Products:  Subject to compliance with requirements, 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.

C. 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.

D. 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.

2.5 LAGGING ADHESIVES

A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with 
insulation materials, jackets, and substrates.
1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
2. Products:  Subject to compliance with requirements, 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 

calculated according to 40 CFR 59, Subpart D (EPA Method 24).
7. Sealants shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."

B. ASJ Flashing Sealants, and 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.
2. Materials shall be compatible with insulation materials, jackets, and substrates.
3. Fire- and water-resistant, flexible, elastomeric sealant.
4. Service Temperature Range:  Minus 40 to plus 250 deg F.
5. Color:  White.
6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24).
7. Sealants shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."

2.7 FACTORY-APPLIED JACKETS

A. Insulation system schedules indicate factory-applied jackets on various applications.  When 
factory-applied jackets are indicated, comply with the following:
1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 

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

removable protective strip; complying with ASTM C 1136, Type I.
3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 

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

complying with ASTM C 1136, Type II.
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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2.8 FIELD-APPLIED JACKETS

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.

B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.

C. 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.

2.9 TAPES

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 
complying with ASTM C 1136.
1. Products:  Subject to compliance with requirements, 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.

2. Width:  3 inches.
3. Thickness:  11.5 mils.
4. Adhesion:  90 ounces force/inch in width.
5. Elongation:  2 percent.
6. Tensile Strength:  40 lbf/inch in width.
7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape.

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 
complying with ASTM C 1136.
1. Products:  Subject to compliance with requirements, 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.

2. Width:  3 inches.
3. Thickness:  6.5 mils.
4. Adhesion:  90 ounces force/inch in width.
5. Elongation:  2 percent.
6. Tensile Strength:  40 lbf/inch in width.
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape.

C. 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.



ELLENVILLE CSD                                           2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 DUCT INSULATION 230713 - 7

CPL

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:
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.

2. 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.

3. 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.

4. 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.

2.11 CORNER ANGLES

A. 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.

B. 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

3.1 EXAMINATION

A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of insulation application.
1. Verify that systems to be insulated have been tested and are free of defects.
2. Verify that surfaces to be insulated are clean and dry.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

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

3.3 GENERAL INSTALLATION REQUIREMENTS

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

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

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

D. Install insulation with longitudinal seams at top and bottom of horizontal runs.

E. Install multiple layers of insulation with longitudinal and end seams staggered.

F. Keep insulation materials dry during application and finishing.

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

H. Install insulation with least number of joints practical.

I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic.
1. Install insulation continuously through hangers and around anchor attachments.
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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.

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

K. Install insulation with factory-applied jackets as follows:
1. Draw jacket tight and smooth.
2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation 

jacket.  Secure strips with adhesive and outward clinching staples along both edges of 
strip, spaced 4 inches o.c.

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

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

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at 
ends adjacent to duct flanges and fittings.

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

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

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

3.4 PENETRATIONS

A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof 
penetrations.
1. Seal penetrations with flashing sealant.
2. For applications requiring only indoor insulation, terminate insulation above roof surface 

and seal with joint sealant.  For applications requiring indoor and outdoor insulation, 
install insulation for outdoor applications tightly joined to indoor insulation ends.  Seal 
joint with joint sealant.

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of 
roof flashing.

4. Seal jacket to roof flashing with flashing sealant.

B. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation continuously 
through wall penetrations.
1. Seal penetrations with flashing sealant.
2. For applications requiring only indoor insulation, terminate insulation inside wall surface 

and seal with joint sealant.  For applications requiring indoor and outdoor insulation, 
install insulation for outdoor applications tightly joined to indoor insulation ends.  Seal 
joint with joint sealant.
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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.
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.

5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints.  
At end joints, secure with steel bands spaced a maximum of 18 inches o.c.

6. Install insulation on rectangular duct elbows and transitions with a full insulation section 
for each surface.  Install insulation on round and flat-oval duct elbows with individually 
mitered gores cut to fit the elbow.

7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 
6-inch- wide strips of same material used to insulate duct.  Secure on alternating sides of 
stiffener, hanger, and flange with pins spaced 6 inches o.c.

B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins.
1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, 

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, 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.

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

barrier seal.
b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-

foot intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-
shaped pattern over insulation face, along butt end of insulation, and over the 
surface.  Cover insulation face and surface to be insulated a width equal to two 
times the insulation thickness, but not less than 3 inches.

5. Install insulation on rectangular duct elbows and transitions with a full insulation section 
for each surface.  Groove and score insulation to fit as closely as possible to outside and 
inside radius of elbows.  Install insulation on round and flat-oval duct elbows with 
individually mitered gores cut to fit the elbow.
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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.

3.6 FIELD-APPLIED JACKET INSTALLATION

A. Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with 
factory-applied jackets.
1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints.
2. Embed glass cloth between two 0.062-inch- thick coats of lagging adhesive.
3. Completely encapsulate insulation with coating, leaving no exposed insulation.

B. Where FSK jackets are indicated, install as follows:
1. Draw jacket material smooth and tight.
2. Install lap or joint strips with same material as jacket.
3. Secure jacket to insulation with manufacturer's recommended adhesive.
4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch- wide joint strips at 

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

with vapor-barrier mastic.

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

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

3.7 FIRE-RATED INSULATION SYSTEM INSTALLATION

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

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

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

3.8 FINISHES

A. 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.

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

C. 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:
1. 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-lb/cu. ft. nominal density.

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

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

K. Concealed, supply-air plenum insulation shall be the following:
1. Mineral-Fiber Blanket: 2 inches thick and 1.5-lb/cu. ft. nominal density.

L. Concealed, outdoor-air plenum insulation shall be the following:
1. Mineral-Fiber Blanket:  2 inches thick and 1.5-lb/cu. ft. nominal density.

M. Concealed, exhaust-air plenum insulation shall be  the following:
1. Mineral-Fiber Blanket:  2 inches thick and 1.5-lb/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-lb/cu. ft. nominal density.

O. 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-lb/cu. ft. nominal density.

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

T. Exposed, rectangular, outdoor-air duct insulation shall be the following:
1. Mineral-Fiber Board:  2 inches thick and 3-lb/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-lb/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-lb/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-lb/cu. ft. nominal density.

Y. Exposed, outdoor-air plenum insulation shall be the following:
1. Mineral-Fiber Board:  2 inches thick and 3-lb/cu. ft. nominal density.

Z. Exposed, exhaust-air plenum insulation shall be the following:
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1. Mineral-Fiber Board:  2 inches thick and 3-lb/cu. ft. nominal density.

END OF SECTION 230713
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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.

ii. 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

panarellak
Highlight
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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 
temperature is below the space temperature. 
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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:
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: 
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

1.1 WORK INCLUDED

A. Variable Frequency Drives (VFD).

B. 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.

1.2 SUBMITTALS

A. Submit manufacturer's product data, shop drawings, and installation instructions in accordance with 
the general conditions.

B. Contract Closeout Reports.

C. Operation and Maintenance Data.

D. Contract Closeout Reports.

E. Warranty Information.

1.3 QUALITY ASSURANCE 

A. The VFD manufacturer shall furnish a Variable Frequency drive that is compatible with motor 
meeting NEMA MG1 part 31.

B. 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.

C. 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:
1. 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)

1.4 CODES AND STANDARDS

A. Referenced Standards and Guidelines:
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1. 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

PART 2 – PRODUCTS

1.5 ACCEPTABLE MANUFACTURERS

A. 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)

1.6 GENERAL

A. 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. -15 to 40° 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 MG1 section 30.40.4.2 which specifies the limits of 
peak maximum voltage.

1.7 DRIVE FUNCTION

A. 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.

B. 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

C. Serial Communications:
1. 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.

1.8 PROTECTIVE FEATURES:

A. 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.

B. The VFD shall include a coordinated AC transient surge protection system consisting of 4 MOVs 
(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). 

C. 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.

D. The VFD shall include the following protective circuits and features:
1. Motor current exceeds 200% of drive continuous current rating.
2. Output phase-to-phase short circuit condition.
3. Total ground fault under any operating condition.
4. High input line voltage.
5. Low input line voltage.
6. Loss of input or output phase.
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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.

1.9 GENERAL OPTIONS AND MODIFICATIONS

A. 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.

B. 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. VFD 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

2.1 INSTALLATION

A. VFD’s shall be furnished and programmed by the MC.

B. 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.

C. 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.

D. 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

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 pipe and fitting materials and joining methods for the following:
1. Hot-water heating piping.
2. Condensate-drain piping.

1.3 ACTION SUBMITTALS

A. 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.

1.4 INFORMATIONAL SUBMITTALS

A. 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.

B. Qualification Data:  For Installer.

C. Welding certificates.

D. Field quality-control reports.

E. Water Analysis:  Submit a copy of the water analysis to illustrate water quality available at 
Project site.

1.5 QUALITY ASSURANCE

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

B. 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

2.1 PERFORMANCE REQUIREMENTS

A. 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

2.2 COPPER TUBE AND FITTINGS

A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L 

B. Annealed-Temper Copper Tubing:  ASTM B 88, Type K.

C. DWV Copper Tubing:  ASTM B 306, Type DWV.

D. Wrought-Copper Unions:  ASME B16.22.

2.3 STEEL PIPE AND FITTINGS

A. 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.

B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250 as indicated in "Piping 
Applications" Article.

C. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in "Piping 
Applications" Article.

D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in "Piping 
Applications" Article.

E. 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.

F. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe.

G. 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.

H. Steel Pipe Nipples:  ASTM A 733, made of same materials and wall thicknesses as pipe in which 
they are installed.

2.4 JOINING MATERIALS

A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 
contents.
1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless 

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.

B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.



ELLENVILLE CSD                                           2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 HYDRONIC PIPING 232113 - 3

CPL

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:
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 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise.
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D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

E. Install piping to permit valve servicing.

F. Install piping at indicated slopes.

G. Install piping free of sags and bends.

H. Install fittings for changes in direction and branch connections.

I. Install piping to allow application of insulation.

J. Select system components with pressure rating equal to or greater than system operating pressure.

K. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing 
of valves.

L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple 
with cap, at low points in piping system mains and elsewhere as required for system drainage.

M. Install piping at a uniform grade of 0.2 percent upward in direction of flow.

N. Reduce pipe sizes using eccentric reducer fitting installed with level side up.

O. Install branch connections to mains using tee fittings in main pipe, with the branch connected to 
the bottom of the main pipe.  For up-feed risers, connect the branch to the top of the main pipe.

P. Install valves according to Section 230523 "General-Duty Valves for HVAC Piping."

Q. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment, 
and elsewhere as indicated.

R. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere 
as indicated.

S. Install shutoff valve immediately upstream of each dielectric fitting.

T. 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.

U. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" 
for identifying piping.

V. 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."

W. 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."

X. Install escutcheons for piping penetrations of walls, ceilings, and floors.  Comply with 
requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC Piping."

3.3 DIELECTRIC FITTING INSTALLATION

A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.

B. Dielectric Fittings for NPS 2 and Smaller:  Use dielectric unions.

C. Dielectric Fittings for NPS 2-1/2 to NPS 4:  Use dielectric flanges.

D. Dielectric Fittings for NPS 5 and Larger:  Use dielectric flange kits.
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3.4 HANGERS AND SUPPORTS

A. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and 
Equipment" for hanger, support, and anchor devices.  Comply with the following requirements 
for maximum spacing of supports.

B. Comply with requirements in Section 230548 "Vibration and Seismic Controls for HVAC" for 
seismic restraints.

C. 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.

D. Install hangers for steel piping with the following maximum spacing and minimum rod sizes:
1. NPS 3/4:  Maximum span, 7 feet.
2. NPS 1:  Maximum span, 7 feet.
3. NPS 1-1/2:  Maximum span, 9 feet.
4. NPS 2:  Maximum span, 10 feet.
5. NPS 2-1/2:  Maximum span, 11 feet.
6. NPS 3 and Larger:  Maximum span, 12 feet.

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.
2. NPS 1:  Maximum span, 6 feet; minimum rod size, 1/4 inch.
3. NPS 1-1/4:  Maximum span, 7 feet; minimum rod size, 3/8 inch.
4. NPS 1-1/2:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
5. NPS 2:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
6. NPS 2-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch.
7. NPS 3 and Larger:  Maximum span, 10 feet; minimum rod size, 3/8 inch.

F. Support vertical runs at roof, at each floor, and at 8-foot intervals between floors.

3.5 PIPE JOINT CONSTRUCTION

A. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.

C. 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.

D. 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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E. 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.

F. Welded Joints:  Construct joints according to AWS D10.12M/D10.12, using qualified processes 
and welding operators according to "Quality Assurance" Article.

G. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service 
application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

H. Mechanically Formed, Copper-Tube-Outlet Joints:  Use manufacturer-recommended tool and 
procedure, and brazed joints.

3.6 TERMINAL EQUIPMENT CONNECTIONS

A. Sizes for supply and return piping connections shall be the same as or larger than equipment 
connections.

B. Install control valves in accessible locations close to connected equipment.

C. Install bypass piping with globe valve around control valve.  If parallel control valves are 
installed, only one bypass is required.

D. Install ports for pressure gages and thermometers at coil inlet and outlet connections.  Comply 
with requirements in Section 230519 "Meters and Gages for HVAC Piping."

3.7 FIELD QUALITY CONTROL

A. Prepare hydronic piping according to ASME B31.9 and as follows:
1. Leave joints, including welds, uninsulated and exposed for examination during test.
2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test 

pressure.  If temporary restraints are impractical, isolate expansion joints from testing.
3. Flush hydronic piping systems with clean water; then remove and clean or replace 

strainer screens.
4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure shall be 

capable of sealing against test pressure without damage to valve.  Install blinds in flanged 
joints to isolate equipment.

5. Install safety valve, set at a pressure no more than one-third higher than test pressure, to 
protect against damage by expanding liquid or other source of overpressure during test.

B. Perform the following tests on hydronic piping:
1. Use ambient temperature water as a testing medium unless there is risk of damage due to 

freezing.  Another liquid that is safe for workers and compatible with piping may be 
used.

2. While filling system, use vents installed at high points of system to release air.  Use 
drains installed at low points for complete draining of test liquid.

3. Isolate expansion tanks and determine that hydronic system is full of water.
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the 

system's working pressure, 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 
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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.

END OF SECTION 232113
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SECTION 232116 - HYDRONIC PIPING SPECIALTIES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section includes special-duty valves and specialties for the following:
1. Hot-water heating piping.
2. Condensate-drain piping.

1.3 ACTION SUBMITTALS

A. Product Data:  For each type of the following:
1. Valves:  Include flow and pressure drop curves based on manufacturer's testing for 

calibrated-orifice balancing valves and automatic flow-control valves.
2. Air-control devices.
3. Hydronic specialties.

1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data:  For air-control devices, hydronic specialties, and special-duty 
valves to include in emergency, operation, and maintenance manuals.

1.5 MAINTENANCE MATERIAL SUBMITTALS

A. Differential Pressure Meter:  For each type of balancing valve and automatic flow control valve, 
include flowmeter, probes, hoses, flow charts, and carrying case.

1.6 QUALITY ASSURANCE

A. 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

2.1 PERFORMANCE REQUIREMENTS

A. 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. Makeup-Water Piping:  80 psig at 150 deg F
3. Condensate-Drain Piping:  150 deg F 
4. Blowdown-Drain Piping:  200 deg F
5. Air-Vent Piping:  200 deg F
6. Safety-Valve-Inlet and -Outlet Piping:  Equal to the pressure of the piping system to 

which it is attached.



ELLENVILLE CSD                                           2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 HYDRONIC PIPING SPECIALTIES 232116 - 2

CPL

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:
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. Taco.
g. Tour & Andersson.

2. Body:  Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice or 
venturi.

3. Ball:  Brass or stainless steel.
4. Stem Seals:  EPDM O-rings.
5. Disc:  Glass and carbon-filled PTFE.
6. Seat:  PTFE.
7. End Connections:  Flanged or grooved.
8. Pressure Gage Connections:  Integral seals for portable differential pressure meter.
9. Handle Style:  Lever, with memory stop to retain set position.
10. CWP Rating:  Minimum 125 psig.
11. 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.
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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 
ball valve; extend full size to nearest floor drain.

END OF SECTION 232116
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SECTION 2D2D00 U REGRI, ERANT PIPIN,

PART 1 U , ENERAL

1.1 RELATED DOCUMENTS

A. BF35 9- r a 3- w r i - i F3n gFsd9a9s- a se lpi  Cs- lF3olv 9- onf w9- r  , i - i F3n 3- w Sf ggni t i - l3Fh 
Cs- w9l9s- a 3- w B9d9a9s-  01 Sgi o9e9o3l9s-  Si ol9s- av 3ggnh ls  lp9a Si ol9s- .

1.2 SUMMARY

A. Tp9a Si ol9s-  9- onf wi a Fi eF9r i F3- l g9g9- r  f ai w esF 39FUos- w9l9s- 9- r  3ggn9o3l9s- a.

1.3 PERFORMANCE REQUIREMENTS

A. L9- i  Ti al PFi aaf Fi  esF Ri eF9r i F3- l RU410A:
1. Sf ol9s-  L9- i a esF A9FUCs- w9l9s- 9- r  Aggn9o3l9s- a:  D00 ga9r .
2. Sf ol9s-  L9- i a esF Hi 3lUPf t g Aggn9o3l9s- a:  cDc ga9r .
D. HslU, 3a 3- w L9uf 9w L9- i a:  cDc ga9r .

1.4 ACTION SUBMITTALS

A. PFswf ol B3l3:  GsF i 3op lhgi  se d3ndi  3- w Fi eF9r i F3- l g9g9- r  agi o93nlh 9- w9o3li w.  I- onf wi  gFi aaf Fi  
wFsgv m3ai w s -  t 3- f e3olf Fi Fya li al w3l3v esF lpi  esnns5 9- r :
1. Tpi Ft sal3l9o i j g3- a9s-  d3ndi a.
2. Ssni - s9w d3ndi a.
D. HslUr 3a mhg3aa d3ndi a.
4. G9nli F wFhi Fa.
c. SlF39- i Fa.
6. PFi aaf Fi UFi r f n3l9- r  d3ndi a.

b . Spsg BF35 9- r a:  Sps5  n3hsf l se Fi eF9r i F3- l g9g9- r  3- w agi o93nl9i av 9- onf w9- r  g9gi v lf mi v 3- w 
e9ll9- r  a9Qi av ens5  o3g3o9l9i av d3ndi  3FF3- r i t i - la 3- w nso3l9s- av ansgi a se psF9Qs- l3n Ff - av s9n 
lF3gav wsf mni  F9ai Fav 5 3nn 3- w enssF gi - i lF3l9s- av 3- w i uf 9gt i - l os - - i ol9s -  wi l39na.  Sps5  
9- li Fe3oi  3- w ag3l93n Fi n3l9s- ap9ga mi l5 i i -  g9g9- r  3- w i uf 9gt i - l.
1. Spsg BF35 9- r  So3ni :  1W4 9- op i uf 3na 1 ess l.
2. Ri eF9r i F3- l g9g9- r  9- w9o3li w s -  BF35 9- r a 9a aopi t 3l9o s - nh.  S9Qi  g9g9- r  3- w wi a9r -  

3olf 3n g9g9- r  n3hsf lv 9- onf w9- r  s9n lF3gav wsf mni  F9ai Fav agi o93nl9i av 3- w g9gi  3- w lf mi  a9Qi a 
ls  3oos t t sw3li v 3a 3 t 9- 9t f t v i uf 9gt i - l gFsd9wi wv i ni d3l9s-  w9eei Fi - oi  mi l5 i i -  
os t gFi aasF 3- w i d3gsF3lsFv 3- w ni - r lp se g9g9- r  ls  i - af Fi  gFsgi F sgi F3l9s-  3- w 
os t gn93- oi  5 9lp 5 3FF3- l9i a se os - - i oli w i uf 9gt i - l.

1.5 INFORMATIONAL SUBMITTALS

A. ' i nw9- r  oi Fl9e9o3li a.

b . G9i nw uf 3n9lhUos- lFsn li al Fi gsFla.

1.6 CLOSEOUT SUBMITTALS

A. Ogi F3l9s-  3- w M39- li - 3- oi  B3l3:  GsF Fi eF9r i F3- l d3ndi a 3- w g9g9- r  agi o93nl9i a ls  9- onf wi  9-  
t 39- li - 3- oi  t 3- f 3na.
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1.7 QUALITY ASSURANCE

A. ' i nw9- r :  q f 3n9eh gFsoi wf Fi a 3- w gi Fas- - i n 3oosFw9- r  ls  ASME b s9ni F 3- w PFi aaf Fi  Vi aai n 
Cswi :  Si ol9s-  I" v x' i nw9- r  3- w b F3Q9- r  q f 3n9e9o3l9s- a.x

b . Cs t gnh 5 9lp ASHRAE 1cv xS3ei lh Cswi  esF Ri eF9r i F3l9s-  Shali t a.x

C. Cs t gnh 5 9lp ASME b D1.cv xRi eF9r i F3l9s-  P9g9- r  3- w Hi 3l TF3- aei F Cs t gs- i - la.x

1.8 PRODUCT STORAGE AND HANDLING

A. SlsFi  g9g9- r  9-  3 oni 3-  3- w gFs li oli w 3Fi 3 5 9lp i - w o3ga 9-  gn3oi  ls  i - af Fi  lp3l g9g9- r  9- li F9sF 3- w 
i j li F9sF 3Fi  oni 3-  5 pi -  9- al3nni w.

1.9 COORDINATION

A. CssFw9- 3li  a9Qi  3- w nso3l9s-  se Fsse of Fmav i uf 9gt i - l af ggsFlav 3- w Fsse gi - i lF3l9s- a.  Tpi ai  
9li t a 3Fi  agi o9e9i w 9-  Si ol9s-  0kk200 xRsse Aooi aasF9i a.x

PART 2 U PROB7 CTS

2.1 COPPER TUBE AND FITTINGS

A. Csggi F Tf mi :  ASTM b  2/ 0v Thgi  ACR.

b . ' Fs f r plUCsggi F G9ll9- r a:  ASME b 16.22.

C. ' Fs f r plUCsggi F 7 - 9s- a:  ASME b 16.22.

B. Ssnwi F G9nni F Mi l3na:  ASTM b  D2.  7 ai  zcUc l9-  3- l9t s - h sF 3nnsh Hb  asnwi F ls  (s9-  osggi F 
aso) i l e9ll9- r a s -  osggi F g9gi .

E. b F3Q9- r  G9nni F Mi l3na:  A' S Ac./ .

G. Gni j 9mni  Cs- - i olsFa:
1. b swh:  T9- UmFs- Qi  mi nns5 a 5 9lp 5 sdi - v eni j 9mni v l9- - i wUmFs- Qi U5 9Fi UFi 9- esFoi w 

gFs li ol9di  (3o) i l.
2. E- w Cs- - i ol9s - a:  Sso) i l i - wa.
D. Oeeai l Pi FesFt 3- oi :  C3g3mni  se t 9- 9t f t  DW4U9- op t 9a3n9r - t i - l 9-  t 9- 9t f t  kU9- opU 

ns- r  3aai t mnh.
4. PFi aaf Fi  R3l9- r :  G3olsFh li al 3l t 9- 9t f t  c00 ga9r .
c. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  2c0 wi r  G.

2.2 STEEL PIPE AND FITTINGS

A. Sli i n P9gi :  ASTM A cDWA cDMv mn3o)  ali i n 5 9lp gn39-  i - waX Thgi v , F3wi v 3- w 5 3nn lp9o) - i aa 3a 
ai ni oli w 9-  P3Fl D g9g9- r  3ggn9o3l9s- a 3Fl9oni a.

b . ' Fs f r plUSli i n G9ll9- r a:  ASTM A 2D4WA 2D4Mv esF 5 i nwi w (s9- la.

C. Sli i n Gn3- r i a 3- w Gn3- r i w G9ll9- r a:  ASME b 16.cv ali i nv 9- onf w9- r  msnlav - f lav 3- w r 3a) i lav mi di nU
5 i nwi w i - w os- - i ol9s - v 3- w F39ai w e3oi .

B. ' i nw9- r  G9nni F Mi l3na:  Cs t gnh 5 9lp A' S B10.12WB10.12M esF 5 i nw9- r  t 3li F93na 3ggFsgF93li  
esF 5 3nn lp9o) - i aa 3- w opi t 9o3n 3- 3nha9a se ali i n g9gi  mi 9- r  5 i nwi w.

E. Gn3- r i w 7 - 9s- a:
1. b swh:  GsFr i wUali i n en3- r i a esF NPS 1 ls  NPS 1U1W2 3- w wf ol9ni  9Fs-  esF NPS 2 ls  NPS D.  

Aggnh Ff alUFi a9al3- l e9- 9ap 3l e3olsFh.
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2. , 3a) i l:  G9mi F 3ami alsa eFi i .
D. G3ali - i Fa:  Gsf F gn3li wUali i n msnlav 5 9lp a9n9os-  mFs- Qi  - f la.  Aggnh Ff alUFi a9al3- l e9- 9ap 3l 

e3olsFh.
4. E- w Cs- - i ol9s - a:  b F3aa l39ng9i oi  3w3gli Fa esF asnwi FUi - w os- - i ol9s - a ls  osggi F lf m9- r .
c. Oeeai l Pi FesFt 3- oi :  C3g3mni  se t 9- 9t f t  DW4U9- op t 9a3n9r - t i - l 9-  t 9- 9t f t  kU9- opU 

ns- r  3aai t mnh.
6. PFi aaf Fi  R3l9- r :  G3olsFh li al 3l t 9- 9t f t  400 ga9r .
k. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  DD0 wi r  G.

G. Gni j 9mni  Cs- - i olsFa:
1. b swh:  Sl39- ni aaUali i n mi nns5 a 5 9lp 5 sdi - v eni j 9mni v al39- ni aaUali i nU5 9Fi UFi 9- esFoi w 

gFs li ol9di  (3o) i l
2. E- w Cs- - i ol9s - a:

3. NPS 2 3- w St 3nni F:  ' 9lp lpFi 3wi wUi - w os- - i ol9s - a.
m. NPS 2U1W2 3- w L3Fr i F:  ' 9lp en3- r i wUi - w os- - i ol9s - a.

D. Oeeai l Pi FesFt 3- oi :  C3g3mni  se t 9- 9t f t  DW4U9- op t 9a3n9r - t i - l 9-  t 9- 9t f t  kU9- opU 
ns- r  3aai t mnh.

4. PFi aaf Fi  R3l9- r :  G3olsFh li al 3l t 9- 9t f t  c00 ga9r .
c. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  2c0 wi r  G.

2.3 VALVES AND SPECIALTIES

A. B93gpF3r t  P3o) ni aa V3ndi a:
1. b swh 3- w b s- - i l:  GsFr i w mF3aa sF o3al mFs- Qi X r nsmi  wi a9r -  5 9lp alF39r plUlpFsf r p sF 

3- r ni  g3lli F- .
2. B93gpF3r t :  PpsagpsF mFs- Qi  3- w al39- ni aa ali i n 5 9lp al39- ni aaUali i n agF9- r .
D. Ogi F3lsF:  R9a9- r  ali t  3- w p3- w 5 pi i n.
4. Si 3l:  Nhns- .
c. E- w Cs- - i ol9s - a:  Sso) i lv f - 9s - v sF en3- r i w.
6. ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .
k. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  2kc wi r  G.

b . P3o) i wUA- r ni  V3ndi a:
1. b swh 3- w b s- - i l:  GsFr i w mF3aa sF o3al mFs- Qi .
2. P3o) 9- r :  Msnwi w ali t v m3o)  ai 3l9- r v 3- w Fi gn3oi 3mni  f - wi F gFi aaf Fi .
D. Ogi F3lsF:  R9a9- r  ali t .
4. Si 3l:  Ns- Fs l3l9- r v ai neU3n9r - 9- r  gsnhli lF3enf sFs i lphni - i .
c. Si 3n C3g:  GsFr i wUmF3aa sF d3ns j  pi j  o3g.
6. E- w Cs- - i ol9s - a:  Sso) i lv f - 9s - v lpFi 3wi wv sF en3- r i w.
k. ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .
/ . M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  2kc wi r  G.

C. Cpi o)  V3ndi a:
1. b swh:  Bf ol9ni  9Fs- v esFr i w mF3aav sF o3al mFs- Qi X r nsmi  g3lli F- .
2. b s - - i l:  b snli w wf ol9ni  9Fs- v esFr i w mF3aav sF o3al mFs- Qi X sF mF3aa pi j  gnf r .
D. P9als - :  Ri t sd3mni  gsnhli lF3enf sFs i lphni - i  ai 3l.
4. Cnsa9- r  SgF9- r :  Sl39- ni aa ali i n.
c. M3- f 3n Ogi - 9- r  Sli t :  Si 3n o3gv gn3li wUali i n ali t v 3- w r F3gp9li  ai 3n.
6. E- w Cs- - i ol9s - a:  Sso) i lv f - 9s - v lpFi 3wi wv sF en3- r i w.
k. M3j 9t f t  Ogi - 9- r  PFi aaf Fi :  0.c0 ga9r .
/ . ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .
z. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  2kc wi r  G.
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B. Si Fd9oi  V3ndi a:
1. b swh:  GsFr i w mF3aa 5 9lp mF3aa o3g 9- onf w9- r  ) i h i - w ls  Fi t sdi  osFi .
2. CsFi :  Ri t sd3mni  m3nnUlhgi  opi o)  d3ndi  5 9lp al39- ni aaUali i n agF9- r .
D. Si 3l:  Psnhli lF3enf sFs i lphni - i .
4. E- w Cs- - i ol9s - a:  Csggi F agF9- r .
c. ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .

E. Ssni - s9w V3ndi a:  Cs t gnh 5 9lp ARI k60 3- w 7 L 42zX n9ali w 3- w n3mi ni w mh 3-  NRTL.
1. b swh 3- w b s- - i l:  Pn3li w ali i n.
2. Ssni - s9w Tf mi v Pnf - r i Fv Cnsa9- r  SgF9- r v 3- w Si 3l OF9e9oi :  Sl39- ni aa ali i n.
D. Si 3l:  Psnhli lF3enf sFs i lphni - i .
4. E- w Cs- - i ol9s - a:  TpFi 3wi w.
c. Eni olF9o3n:  Msnwi wv 5 3li Fl9r pl os9n 9-  NEMA 2c0 i - onsaf Fi  se lhgi  Fi uf 9Fi w mh nso3l9s-  

5 9lp 1W2U9- op os- wf 9l 3w3gli Fv 3- w 24UV 3o os9n.
6. ' sF) 9- r  PFi aaf Fi  R3l9- r :  400 ga9r .
k. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  240 wi r  G.
/ . M3- f 3n sgi F3lsF.

G. S3ei lh Ri n9i e V3ndi a:  Cs t gnh 5 9lp ASME b s9ni F 3- w PFi aaf Fi  Vi aai n Cswi X n9ali w 3- w n3mi ni w 
mh 3-  NRTL.
1. b swh 3- w b s- - i l:  Bf ol9ni  9Fs-  3- w ali i nv 5 9lp - i sgFi - i  OUF9- r  ai 3n.
2. P9als - v Cnsa9- r  SgF9- r v 3- w Si 3l I- ai Fl:  Sl39- ni aa ali i n.
D. Si 3l B9ao:  Psnhli lF3enf sFs i lphni - i .
4. E- w Cs- - i ol9s - a:  TpFi 3wi w.
c. ' sF) 9- r  PFi aaf Fi  R3l9- r :  400 ga9r .
6. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  240 wi r  G.

, . Tpi Ft sal3l9o Ej g3- a9s-  V3ndi a:  Cs t gnh 5 9lp ARI kc0.
1. b swhv b s- - i lv 3- w Si 3n C3g:  GsFr i w mF3aa sF ali i n.
2. B93gpF3r t v P9als - v Cnsa9- r  SgF9- r v 3- w Si 3l I- ai Fl:  Sl39- ni aa ali i n.
D. P3o) 9- r  3- w , 3a) i la:  Ns- U3ami alsa.
4. C3g9nn3Fh 3- w b f nm:  Csggi F lf m9- r  e9nni w 5 9lp Fi eF9r i F3- l op3Fr i .
c. Sf ol9s-  Ti t gi F3lf Fi :  40 wi r  G.
6. Sf gi Fpi 3l:  Aw(f al3mni .
k. Ri di Fai Uens5  sgl9s-  KesF pi 3lUgf t g 3ggn9o3l9s- a8.
/ . E- w Cs- - i ol9s - a:  Sso) i lv en3Fi v sF lpFi 3wi w f - 9s- .
z. ' sF) 9- r  PFi aaf Fi  R3l9- r :  4c0 ga9r .

H. HslU, 3a b hg3aa V3ndi a:  Cs t gnh 5 9lp 7 L 42zX n9ali w 3- w n3mi ni w mh 3-  NRTL.
1. b swhv b s- - i lv 3- w Si 3n C3g:  Bf ol9ni  9Fs-  sF ali i n.
2. B93gpF3r t v P9als - v Cnsa9- r  SgF9- r v 3- w Si 3l I- ai Fl:  Sl39- ni aa ali i n.
D. P3o) 9- r  3- w , 3a) i la:  Ns- U3ami alsa.
4. Ssni - s9w Tf mi v Pnf - r i Fv Cnsa9- r  SgF9- r v 3- w Si 3l OF9e9oi :  Sl39- ni aa ali i n.
c. Si 3l:  Psnhli lF3enf sFs i lphni - i .
6. Euf 3n9Qi F:  I- li F- 3n.
k. Eni olF9o3n:  Msnwi wv 5 3li Fl9r pl os9n 9-  NEMA 2c0 i - onsaf Fi  se lhgi  Fi uf 9Fi w mh nso3l9s-  

5 9lp 1W2U9- op os- wf 9l 3w3gli Fv 3- w 24UV 3o os9n.
/ . E- w Cs- - i ol9s - a:  Sso) i l.
z. TpFs lln9- r  R3- r i :  M3j 9t f t  c ga9r .
10. ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .
11. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  240 wi r  G.

I. SlF39r plUThgi  SlF39- i Fa:
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1. b swh:  ' i nwi w ali i n 5 9lp osFFsa9s- UFi a9al3- l os3l9- r .
2. SoFi i - :  100Ut i ap al39- ni aa ali i n.
D. E- w Cs- - i ol9s - a:  Sso) i l sF en3Fi .
4. ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .
c. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  2kc wi r  G.

J. A- r ni UThgi  SlF39- i Fa:
1. b swh:  GsFr i w mF3aa sF o3al mFs- Qi .
2. BF39-  Pnf r :  b F3aa pi j  gnf r .
D. SoFi i - :  100Ut i ap t s - i n.
4. E- w Cs- - i ol9s - a:  Sso) i l sF en3Fi .
c. ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .
6. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  2kc wi r  G.

; . Ms9alf Fi WL9uf 9w I- w9o3lsFa:
1. b swh:  GsFr i w mF3aa.
2. ' 9- ws5 :  Ri gn3oi 3mni v oni 3Fv ef ai w r n3aa 5 9- ws5  5 9lp 9- w9o3l9- r  i ni t i - l gFs li oli w mh 

e9nli F aoFi i - .
D. I- w9o3lsF:  CsnsF oswi w ls  aps5  t s9alf Fi  os - li - l 9-  ggt .
4. M9- 9t f t  Ms9alf Fi  I- w9o3lsF Si - a9l9d9lh:  I- w9o3li  t s9alf Fi  3msdi  60 ggt .
c. E- w Cs- - i ol9s - a:  Sso) i l sF en3Fi .
6. ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .
k. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  240 wi r  G.

L. Ri gn3oi 3mni UCsFi  G9nli F BFhi Fa:  Cs t gnh 5 9lp ARI kD0.
1. b swh 3- w Csdi F:  P39- li wUali i n api nn 5 9lp wf ol9ni U9Fs-  osdi Fv al39- ni aaUali i n aoFi 5 av 3- w 

- i sgFi - i  r 3a) i la.
2. G9nli F Mi w93:  10 t 9oFs- v gni 3li w 5 9lp 9- li r F3n i - w F9- r aX al39- ni aaUali i n af ggsFl.
D. Bi a9oo3- l Mi w93:  Aol9d3li w 3nf t 9- 3 sF op3Fos3n.
4. Bi a9r - i w esF Fi di Fai  ens5  KesF pi 3lUgf t g 3ggn9o3l9s- a8.
c. E- w Cs- - i ol9s - a:  Sso) i l.
6. Aooi aa PsFla:  NPS 1W4 os- - i ol9s - a 3l i - li F9- r  3- w ni 3d9- r  a9wi a esF gFi aaf Fi  w9eei Fi - l93n 

t i 3af Fi t i - l.
k. M3j 9t f t  PFi aaf Fi  Lsaa:  2 ga9r .
/ . ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .
z. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  240 wi r  G.

M. Pi Ft 3- i - l G9nli F BFhi Fa:  Cs t gnh 5 9lp ARI kD0.
1. b swh 3- w Csdi F:  P39- li wUali i n api nn.
2. G9nli F Mi w93:  10 t 9oFs- v gni 3li w 5 9lp 9- li r F3n i - w F9- r aX al39- ni aaUali i n af ggsFl.
D. Bi a9oo3- l Mi w93:  Aol9d3li w 3nf t 9- 3 sF op3Fos3n.
4. Bi a9r - i w esF Fi di Fai  ens5  KesF pi 3lUgf t g 3ggn9o3l9s- a8.
c. E- w Cs- - i ol9s - a:  Sso) i l.
6. Aooi aa PsFla:  NPS 1W4 os- - i ol9s - a 3l i - li F9- r  3- w ni 3d9- r  a9wi a esF gFi aaf Fi  w9eei Fi - l93n 

t i 3af Fi t i - l.
k. M3j 9t f t  PFi aaf Fi  Lsaa: 2 ga9r .
/ . ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .
z. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  240 wi r  G.

N. Ri oi 9di Fa:  Cs t gnh 5 9lp ARI 4zc.
1. Cs t gnh 5 9lp ASME b s9ni F 3- w PFi aaf Fi  Vi aai n Cswi X n9ali w 3- w n3mi ni w mh 3-  NRTL.
2. Cs t gnh 5 9lp 7 L 20kX n9ali w 3- w n3mi ni w mh 3-  NRTL.
D. b swh:  ' i nwi w ali i n 5 9lp osFFsa9s- UFi a9al3- l os3l9- r .



ELLENVILLE CSD                                           2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 REGRI, ERANT PIPIN, 2D2D00 U 6

CPL

4. T3gg9- r a:  I- ni lv s f lni lv n9uf 9w ni di n 9- w9o3lsFv 3- w a3ei lh Fi n9i e d3ndi .
c. E- w Cs- - i ol9s - a:  Sso) i l sF lpFi 3wi w.
6. ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .
k. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  2kc wi r  G.

O. L9uf 9w Aoof t f n3lsFa:  Cs t gnh 5 9lp ARI 4zc.
1. b swh:  ' i nwi w ali i n 5 9lp osFFsa9s- UFi a9al3- l os3l9- r .
2. E- w Cs- - i ol9s - a:  Sso) i l sF lpFi 3wi w.
D. ' sF) 9- r  PFi aaf Fi  R3l9- r :  c00 ga9r .
4. M3j 9t f t  Ogi F3l9- r  Ti t gi F3lf Fi :  2kc wi r  G.

2.4 REFRIGERANTS

A. M3- f e3olf Fi Fa:  Sf m(i ol ls  os t gn93- oi  5 9lp Fi uf 9Fi t i - lav gFsd9wi  gFswf ola mh s - i  se lpi  
esnns5 9- r :
1. Alse9- 3 Cpi t 9o3nav I- o.
2. Bf Ps- l Cs t g3- hX Gnf sFsopi t 9o3na B9d.
D. Hs- i h5 i nnv I- o.X , i - i lFs -  Ri eF9r i F3- la.
4. INEOS Gnf sF At i F9o3a LLC.

b . ASHRAE D4v RU410A:  Pi - l3enf sFs i lp3- i WB9enf sFs t i lp3- i .

PART D U E" EC7 TION

3.1 PIPING APPLICATIONS

A. Sf ol9s-  L9- i a NPS 1U1W2 3- w St 3nni F esF Cs- di - l9s - 3n A9FUCs- w9l9s- 9- r  Aggn9o3l9s- a:  Csggi Fv 
Thgi  ACRv 3- - i 3ni wUli t gi F lf m9- r  3- w 5 Fsf r plUosggi F e9ll9- r a 5 9lp mF3Qi w (s9- la.

b . Sf ol9s-  L9- i a NPS 2 ls  NPS 4 esF Cs- di - l9s - 3n A9FUCs- w9l9s- 9- r  Aggn9o3l9s- a:  Csggi Fv Thgi  
ACRv wF35 - Uli t gi F lf m9- r  3- w 5 Fsf r plUosggi F e9ll9- r a 5 9lp mF3Qi w (s9- la.

C. HslU, 3a 3- w L9uf 9w L9- i av 3- w Sf ol9s-  L9- i a esF Hi 3lUPf t g Aggn9o3l9s- a:  Csggi Fv Thgi  ACRv 
3- - i 3ni wUli t gi F lf m9- r  3- w 5 Fsf r plUosggi F e9ll9- r a 5 9lp mF3Qi w (s9- la.

B. S3ei lhURi n9i eUV3ndi  B9aop3Fr i  P9g9- r :  Csggi Fv Thgi  Lv wF35 - Uli t gi F lf m9- r  3- w 5 Fsf r plU
osggi F e9ll9- r a 5 9lp asnwi Fi w (s9- la.

3.2 VALVE AND SPECIALTY APPLICATIONS

A. I- al3nn w93gpF3r t  g3o) ni aa sF g3o) i wU3- r ni  d3ndi a 9-  af ol9s-  3- w w9aop3Fr i  n9- i a se os t gFi aasF.

b . I- al3nn ai Fd9oi  d3ndi a esF r 3r i  l3ga 3l 9- ni l 3- w s f lni l se ps lUr 3a mhg3aa d3ndi a 3- w alF39- i Fa 9e lpi h 
3Fi  - s l 3-  9- li r F3n g3Fl se d3ndi a 3- w alF39- i Fa.

C. I- al3nn 3 opi o)  d3ndi  3l lpi  os t gFi aasF w9aop3Fr i  3- w 3 n9uf 9w 3oof t f n3lsF 3l lpi  os t gFi aasF 
af ol9s-  os - - i ol9s - .

B. Ej oi gl 3a s lpi F5 9ai  9- w9o3li wv 9- al3nn w93gpF3r t  g3o) ni aa sF g3o) i wU3- r ni  d3ndi a s -  9- ni l 3- w 
s f lni l a9wi  se e9nli F wFhi Fa.

E. I- al3nn 3 ef nnUa9Qi wv lpFi i Ud3ndi  mhg3aa 3Fsf - w e9nli F wFhi Fa.

G. I- al3nn asni - s9w d3ndi a f galFi 3t  eFs t  i 3op i j g3- a9s-  d3ndi  3- w ps lUr 3a mhg3aa d3ndi .  I- al3nn 
asni - s9w d3ndi a 9-  psF9Qs- l3n n9- i a 5 9lp os9n 3l lsg.

, . I- al3nn lpi Ft sal3l9o i j g3- a9s-  d3ndi a 3a onsai  3a gsaa9mni  ls  w9alF9mf lsFa s -  i d3gsF3lsFa.
1. I- al3nn d3ndi  as  w93gpF3r t  o3ai  9a 5 3Ft i F lp3-  mf nm.
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2. Si of Fi  mf nm ls  oni 3- v alF39r plv psF9Qs- l3n ai ol9s-  se af ol9s-  n9- i  f a9- r  l5 s  mf nm alF3ga.  Bs  
- s l t s f - l mf nm 9-  3 lF3g sF 3l mslls t  se lpi  n9- i .

D. Ie i j li F- 3n i uf 3n9Qi F n9- i a 3Fi  Fi uf 9Fi wv t 3) i  os - - i ol9s -  5 pi Fi  9l 5 9nn Fi eni ol af ol9s- Un9- i  
gFi aaf Fi  3l mf nm nso3l9s- .

H. I- al3nn a3ei lh Fi n9i e d3ndi a 5 pi Fi  Fi uf 9Fi w mh ASME b s9ni F 3- w PFi aaf Fi  Vi aai n Cswi .  P9gi  
a3ei lhUFi n9i eUd3ndi  w9aop3Fr i  n9- i  ls  s f la9wi  3oosFw9- r  ls  ASHRAE 1c.

I. I- al3nn t s9alf Fi Wn9uf 9w 9- w9o3lsFa 9-  n9uf 9w n9- i  3l lpi  9- ni l se lpi  lpi Ft sal3l9o i j g3- a9s-  d3ndi  sF 
3l lpi  9- ni l se lpi  i d3gsF3lsF os9n o3g9nn3Fh lf mi .

J. I- al3nn alF39- i Fa f galFi 3t  eFs t  3- w 3w(3oi - l ls  lpi  esnns5 9- r  f - ni aa lpi h 3Fi  ef F- 9api w 3a 3-  
9- li r F3n 3aai t mnh esF wi d9oi  mi 9- r  gFs li oli w:
1. Ssni - s9w d3ndi a.
2. Tpi Ft sal3l9o i j g3- a9s-  d3ndi a.
D. HslUr 3a mhg3aa d3ndi a.
4. Cs t gFi aasF.

; . I- al3nn e9nli F wFhi Fa 9-  n9uf 9w n9- i  mi l5 i i -  os t gFi aasF 3- w lpi Ft sal3l9o i j g3- a9s-  d3ndi v 3- w 9-  
lpi  af ol9s-  n9- i  3l lpi  os t gFi aasF.

L. I- al3nn Fi oi 9di Fa a9Qi w ls  3oos t t sw3li  gf t gUws5 -  op3Fr i .

M. I- al3nn eni j 9mni  os - - i olsFa 3l os t gFi aasFa.

3.3 PIPING INSTALLATION

A. BF35 9- r  gn3- av aopi t 3l9oav 3- w w93r F3t a 9- w9o3li  r i - i F3n nso3l9s-  3- w 3FF3- r i t i - l se g9g9- r  
ahali t aX 9- w9o3li w nso3l9s- a 3- w 3FF3- r i t i - la 5 i Fi  f ai w ls  a9Qi  g9gi  3- w o3nof n3li  eF9ol9s-  nsaav 
i j g3- a9s- v gf t g a9Q9- r v 3- w s lpi F wi a9r -  os - a9wi F3l9s- a.  I- al3nn g9g9- r  3a 9- w9o3li w f - ni aa 
wi d93l9s- a ls  n3hsf l 3Fi  3ggFsdi w s -  Spsg BF35 9- r a.

b . I- al3nn Fi eF9r i F3- l g9g9- r  3oosFw9- r  ls  ASHRAE 1c.

C. I- al3nn g9g9- r  9-  os - oi 3ni w nso3l9s- a f - ni aa s lpi F5 9ai  9- w9o3li w 3- w i j oi gl 9-  i uf 9gt i - l Fss t a 
3- w ai Fd9oi  3Fi 3a.

B. I- al3nn g9g9- r  9- w9o3li w ls  mi  i j gsai w 3- w g9g9- r  9-  i uf 9gt i - l Fss t a 3- w ai Fd9oi  3Fi 3a 3l F9r pl 
3- r ni a sF g3F3nni n ls  mf 9nw9- r  5 3nna.  B93r s - 3n Ff - a 3Fi  gFsp9m9li w f - ni aa agi o9e9o3nnh 9- w9o3li w 
s lpi F5 9ai .

E. I- al3nn g9g9- r  3msdi  3ooi aa9mni  oi 9n9- r a ls  3nns5  af ee9o9i - l ag3oi  esF oi 9n9- r  g3- i n Fi t sd3n.

G. I- al3nn g9g9- r  3w(3oi - l ls  t 3op9- i a ls  3nns5  ai Fd9oi  3- w t 39- li - 3- oi .

, . I- al3nn g9g9- r  eFi i  se a3r a 3- w mi - wa.

H. I- al3nn e9ll9- r a esF op3- r i a 9-  w9Fi ol9s-  3- w mF3- op os- - i ol9s - a.

I. Si ni ol ahali t  os t gs - i - la 5 9lp gFi aaf Fi  F3l9- r  i uf 3n ls  sF r Fi 3li F lp3-  ahali t  sgi F3l9- r  gFi aaf Fi .

J. Ri ei F ls  Si ol9s-  2D0z00 xI- alFf t i - l3l9s -  3- w Cs- lFsn esF HVACx 3- w Si ol9s-  2D0zzD 
xSi uf i - oi  se Ogi F3l9s- a esF HVAC Cs- lFsnax esF asni - s9w d3ndi  os - lFsnni Fav os- lFsn 5 9F9- r v 3- w 
ai uf i - oi  se sgi F3l9s- .

; . I- al3nn g9g9- r  3a apsFl 3- w w9Fi ol 3a gsaa9mni v 5 9lp 3 t 9- 9t f t  - f t mi F se (s9- lav i nms5 av 3- w 
e9ll9- r a.

L. AFF3- r i  g9g9- r  ls  3nns5  9- agi ol9s-  3- w ai Fd9oi  se Fi eF9r i F3l9s-  i uf 9gt i - l.  I- al3nn d3ndi a 3- w 
agi o93nl9i a 9-  3ooi aa9mni  nso3l9s- a ls  3nns5  esF ai Fd9oi  3- w 9- agi ol9s- .  I- al3nn 3ooi aa wssFa sF 
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g3- i na 3a agi o9e9i w 9-  Si ol9s-  0/ D11D xAooi aa BssFa 3- w GF3t i ax 9e d3ndi a sF i uf 9gt i - l 
Fi uf 9F9- r  t 39- li - 3- oi  9a os - oi 3ni w mi p9- w e9- 9api w af Fe3oi a.

M. I- al3nn Fi eF9r i F3- l g9g9- r  9-  gFs li ol9di  os - wf 9l 5 pi Fi  9- al3nni w mi ns5 r Fsf - w.

N. I- al3nn Fi eF9r i F3- l g9g9- r  9-  F9r 9w sF eni j 9mni  os - wf 9l 9-  nso3l9s- a 5 pi Fi  i j gsai w ls  t i op3- 9o3n 
9- (f Fh.

O. Snsgi  Fi eF9r i F3- l g9g9- r  3a esnns5 a:
1. I- al3nn psF9Qs- l3n ps lUr 3a w9aop3Fr i  g9g9- r  5 9lp 3 f - 9esFt  ansgi  ws5 - 5 3Fw 35 3h eFs t  

os t gFi aasF.
2. I- al3nn psF9Qs- l3n af ol9s-  n9- i a 5 9lp 3 f - 9esFt  ansgi  ws5 - 5 3Fw ls  os t gFi aasF.
D. I- al3nn lF3ga 3- w wsf mni  F9ai Fa ls  i - lF39-  s9n 9-  di Fl9o3n Ff - a.
4. L9uf 9w n9- i a t 3h mi  9- al3nni w ni di n.

P. ' pi -  mF3Q9- r  sF asnwi F9- r v Fi t sdi  asni - s9wUd3ndi  os9na 3- w a9r pl r n3aai aX 3nas  Fi t sdi  d3ndi  
ali t av ai 3lav 3- w g3o) 9- r v 3- w 3ooi aa9mni  9- li F- 3n g3Fla se Fi eF9r i F3- l agi o93nl9i a.  Bs  - s l 3ggnh 
pi 3l - i 3F i j g3- a9s- Ud3ndi  mf nm.

q . I- al3nn g9g9- r  5 9lp 3wi uf 3li  oni 3F3- oi  mi l5 i i -  g9gi  3- w 3w(3oi - l 5 3nna 3- w p3- r i Fa sF mi l5 i i -  
g9gi a esF 9- af n3l9s-  9- al3nn3l9s- .

R. Iwi - l9eh Fi eF9r i F3- l g9g9- r  3- w d3ndi a 3oosFw9- r  ls  Si ol9s-  2D0ccD xIwi - l9e9o3l9s-  esF HVAC 
P9g9- r  3- w Euf 9gt i - l.x

S. I- al3nn ani i di a esF g9g9- r  gi - i lF3l9s- a se 5 3nnav oi 9n9- r av 3- w enssFa.  Cs t gnh 5 9lp Fi uf 9Fi t i - la 
esF ani i di a agi o9e9i w 9-  Si ol9s-  2D0c1k xSni i di a 3- w Sni i di  Si 3na esF HVAC P9g9- r .x

T. I- al3nn ani i di  ai 3na esF g9g9- r  gi - i lF3l9s- a se os - oFi li  5 3nna 3- w an3ma.  Cs t gnh 5 9lp 
Fi uf 9Fi t i - la esF ani i di  ai 3na agi o9e9i w 9-  Si ol9s-  2D0c1k xSni i di a 3- w Sni i di  Si 3na esF HVAC 
P9g9- r .x

7 . I- al3nn i aof lopi s - a esF g9g9- r  gi - i lF3l9s- a se 5 3nnav oi 9n9- r av 3- w enssFa.  Cs t gnh 5 9lp 
Fi uf 9Fi t i - la esF i aof lopi s - a agi o9e9i w 9-  Si ol9s-  2D0c1/  xEaof lopi s - a esF HVAC P9g9- r .x

3.4 PIPE JOINT CONSTRUCTION

A. Ri 3t  i - wa se g9gi a 3- w lf mi a 3- w Fi t sdi  mf FFa.  b i di n gn39-  i - wa se ali i n g9gi .

b . Ri t sdi  ao3ni v an3r v w9Flv 3- w wi mF9a eFs t  9- a9wi  3- w s f la9wi  se g9gi  3- w e9ll9- r a mi esFi  3aai t mnh.

C. G9nn g9gi  3- w e9ll9- r a 5 9lp 3-  9- i Fl r 3a K- 9lFsr i -  sF o3Fms-  w9s j 9wi 8v wf F9- r  mF3Q9- r  sF 5 i nw9- r v ls  
gFi di - l ao3ni  esFt 3l9s- .

B. b F3Qi w Js9- la:  Cs- alFf ol (s9- la 3oosFw9- r  ls  A' Sya xb F3Q9- r  H3- wmss) vx Cp3gli F xP9gi  3- w 
Tf mi .x
1. 7 ai  Thgi  b of Pv osggi FUgpsagpsFf a 3nnsh esF (s9- 9- r  osggi F aso) i l e9ll9- r a 5 9lp osggi F 

g9gi .
2. 7 ai  Thgi  b Ar v o3wt 9f t UeFi i  a9ndi F 3nnsh esF (s9- 9- r  osggi F 5 9lp mFs- Qi  sF ali i n.

3.5 HANGERS AND SUPPORTS

A. H3- r i Fv af ggsFlv 3- w 3- opsF gFswf ola 3Fi  agi o9e9i w 9-  Si ol9s-  2D0c2z xH3- r i Fa 3- w Sf ggsFla esF 
HVAC P9g9- r  3- w Euf 9gt i - l.x

b . I- al3nn lpi  esnns5 9- r  g9gi  3ll3opt i - la:
1. Aw(f al3mni  ali i n oni d9a p3- r i Fa esF 9- w9d9wf 3n psF9Qs- l3n Ff - a ni aa lp3-  20 ei i l ns - r .
2. Rsnni F p3- r i Fa 3- w agF9- r  p3- r i Fa esF 9- w9d9wf 3n psF9Qs- l3n Ff - a 20 ei i l sF ns- r i F.
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D. P9gi  Rsnni F:  MSS SPUc/ v Thgi  44 esF t f nl9gni  psF9Qs- l3n g9g9- r  20 ei i l sF ns- r i Fv 
af ggsFli w s -  3 lF3gi Qi .

4. SgF9- r  p3- r i Fa ls  af ggsFl di Fl9o3n Ff - a.
c. Csggi FUon3w p3- r i Fa 3- w af ggsFla esF p3- r i Fa 3- w af ggsFla 9-  w9Fi ol os - l3ol 5 9lp osggi F 

g9gi .

C. I- al3nn p3- r i Fa esF osggi F lf m9- r  5 9lp lpi  esnns5 9- r  t 3j 9t f t  ag3o9- r  3- w t 9- 9t f t  Fsw a9Qi a:
1. NPS 1W2:  M3j 9t f t  ag3- v 60 9- opi aX t 9- 9t f t  Fsw a9Qi v 1W4 9- op.
2. NPS cW/ :  M3j 9t f t  ag3- v 60 9- opi aX t 9- 9t f t  Fsw a9Qi v 1W4 9- op.
D. NPS 1:  M3j 9t f t  ag3- v k2 9- opi aX t 9- 9t f t  Fsw a9Qi v 1W4 9- op.
4. NPS 1U1W4:  M3j 9t f t  ag3- v z6 9- opi aX t 9- 9t f t  Fsw a9Qi v DW/  9- op.
c. NPS 1U1W2:  M3j 9t f t  ag3- v z6 9- opi aX t 9- 9t f t  Fsw a9Qi v DW/  9- op.
6. NPS 2:  M3j 9t f t  ag3- v z6 9- opi aX t 9- 9t f t  Fsw a9Qi v DW/  9- op.
k. NPS 2U1W2:  M3j 9t f t  ag3- v 10/  9- opi aX t 9- 9t f t  Fsw a9Qi v DW/  9- op.
/ . NPS D:  M3j 9t f t  ag3- v 10 ei i lX t 9- 9t f t  Fsw a9Qi v DW/  9- op.
z. NPS 4:  M3j 9t f t  ag3- v 12 ei i lX t 9- 9t f t  Fsw a9Qi v 1W2 9- op.

B. I- al3nn p3- r i Fa esF ali i n g9g9- r  5 9lp lpi  esnns5 9- r  t 3j 9t f t  ag3o9- r  3- w t 9- 9t f t  Fsw a9Qi a:
1. NPS 2:  M3j 9t f t  ag3- v 10 ei i lX t 9- 9t f t  Fsw a9Qi v DW/  9- op.
2. NPS 2U1W2:  M3j 9t f t  ag3- v 11 ei i lX t 9- 9t f t  Fsw a9Qi v DW/  9- op.
D. NPS D:  M3j 9t f t  ag3- v 12 ei i lX t 9- 9t f t  Fsw a9Qi v DW/  9- op.
4. NPS 4:  M3j 9t f t  ag3- v 14 ei i lX t 9- 9t f t  Fsw a9Qi v 1W2 9- op.

E. Sf ggsFl t f nl9enssF di Fl9o3n Ff - a 3l ni 3al 3l i 3op enssF.

3.6 FIELD QUALITY CONTROL

A. Pi FesFt  li ala 3- w 9- agi ol9s- a 3- w gFi g3Fi  li al Fi gsFla.

b . Ti ala 3- w I- agi ol9s- a:
1. Cs t gnh 5 9lp ASME b D1.cv Cp3gli F VI.
2. Ti al Fi eF9r i F3- l g9g9- r v agi o93nl9i av 3- w Fi oi 9di Fa.  Iasn3li  os t gFi aasFv os- wi - ai Fv 

i d3gsF3lsFv 3- w a3ei lh wi d9oi a eFs t  li al gFi aaf Fi  9e lpi h 3Fi  - s l F3li w 3msdi  lpi  li al 
gFi aaf Fi .

D. Ti al p9r pU 3- w ns5 UgFi aaf Fi  a9wi  g9g9- r  se i 3op ahali t  ai g3F3li nh 3l - s l ni aa lp3-  lpi  
gFi aaf Fi a 9- w9o3li w 9-  P3Fl 1 xPi FesFt 3- oi  Ri uf 9Fi t i - lax AFl9oni .
3. G9nn ahali t  5 9lp - 9lFsr i -  ls  lpi  Fi uf 9Fi w li al gFi aaf Fi .
m. Shali t  ap3nn t 39- l39-  li al gFi aaf Fi  3l lpi  t 3- 9esnw r 3r i  lpFsf r psf l wf F3l9s-  se 

li al.
o. Ti al (s9- la 3- w e9ll9- r a 5 9lp i ni olFs- 9o ni 3)  wi li olsF sF mh mFf ap9- r  3 at 3nn 

3t s f - l se as3g 3- w r nhoi F9-  asnf l9s -  sdi F (s9- la.
w. Ri t 3) i  ni 3) 9- r  (s9- la f a9- r  - i 5  t 3li F93nav 3- w Fi li al f - l9n a3l9ae3olsFh Fi af nla 

3Fi  3op9i di w.

3.7 SYSTEM CHARGING

A. Cp3Fr i  ahali t  f a9- r  lpi  esnns5 9- r  gFsoi wf Fi a:
1. I- al3nn osFi  9-  e9nli F wFhi Fa 3eli F ni 3)  li al mf l mi esFi  i d3of 3l9s- .
2. Ed3of 3li  i - l9Fi  Fi eF9r i F3- l ahali t  5 9lp 3 d3of f t  gf t g ls  c00 t 9oFs t i li Fa.  Ie d3of f t  

psnwa esF 12 psf Fav ahali t  9a Fi 3wh esF op3Fr 9- r .
D. b Fi 3)  d3of f t  5 9lp Fi eF9r i F3- l r 3av 3nns5 9- r  gFi aaf Fi  ls  mf 9nw f g ls  2 ga9r .
4. Cp3Fr i  ahali t  5 9lp 3 - i 5  e9nli FUwFhi F osFi  9-  op3Fr 9- r  n9- i .
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3.8 ADJUSTING

A. Aw(f al lpi Ft sal3l9o i j g3- a9s-  d3ndi  ls  sml39-  gFsgi F i d3gsF3lsF af gi Fpi 3l.

b . Aw(f al p9r pU 3- w ns5 UgFi aaf Fi  a5 9lop ai ll9- r a ls  3ds9w apsFl ohon9- r  9-  Fi ags- ai  ls  enf olf 3l9- r  
af ol9s-  gFi aaf Fi .

C. Aw(f al ai lUgs9- l li t gi F3lf Fi  se 39FUos- w9l9s- 9- r  sF op9nni wU5 3li F os- lFsnni Fa ls  lpi  ahali t  wi a9r -  
li t gi F3lf Fi .

B. Pi FesFt  lpi  esnns5 9- r  3w(f alt i - la mi esFi  sgi F3l9- r  lpi  Fi eF9r i F3l9s-  ahali t v 3oosFw9- r  ls  
t 3- f e3olf Fi Fya 5 F9lli -  9- alFf ol9s- a:
1. Ogi -  apf lsee d3ndi a 9-  os - wi - ai F 5 3li F o9Fof 9l.
2. Vi F9eh lp3l os t gFi aasF s9n ni di n 9a osFFi ol.
D. Ogi -  os t gFi aasF af ol9s-  3- w w9aop3Fr i  d3ndi a.
4. Ogi -  Fi eF9r i F3- l d3ndi a i j oi gl mhg3aa d3ndi a lp3l 3Fi  f ai w esF s lpi F gf Fgsai a.
c. Cpi o)  sgi -  os t gFi aasFUt s lsF 3n9r - t i - l 3- w di F9eh nf mF9o3l9s-  esF t s lsFa 3- w mi 3F9- r a.

E. Ri gn3oi  osFi  se Fi gn3oi 3mni  e9nli F wFhi F 3eli F ahali t  p3a mi i -  3w(f ali w 3- w 3eli F wi a9r -  ens5  F3li a 
3- w gFi aaf Fi a 3Fi  i al3mn9api w.

ENB OG SECTION 2D2D00
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SECTION 233113 - METAL DUCTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Single-wall rectangular ducts and fittings.
2. Single-wall round and flat-oval ducts and fittings.
3. Sheet metal materials.
4. Duct liner.
5. Sealants and gaskets.
6. Hangers and supports.

B. 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.

1.3 PERFORMANCE REQUIREMENTS

A. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in 
ASHRAE 62.1.

1.4 ACTION SUBMITTALS

A. Product Data:  For each type of the following products:
1. Sealants and gaskets.
2. Seismic-restraint devices.

B. Shop Drawings:
1. Fabrication, assembly, and installation, including plans, elevations, sections, components, 

and attachments to other work.
2. Factory- and shop-fabricated ducts and fittings.
3. Duct layout indicating sizes, configuration, liner material, and static-pressure classes.
4. Elevation of top of ducts.
5. Fittings.
6. Reinforcement and spacing.
7. Seam and joint construction.
8. Equipment installation based on equipment being used on Project.
9. Locations for duct accessories, including dampers, turning vanes, and access doors and 

panels.
10. Hangers and supports, including methods for duct and building attachment, seismic 

restraints, and vibration isolation.

C. 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 
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."

D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  Select types 
and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Chapter 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."

2.2 SINGLE-WALL ROUND AND FLAT-OVAL DUCTS AND FITTINGS

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on indicated 
static-pressure class unless otherwise indicated.
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.

B. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and diameter of the 
round sides connecting the flat portions of the duct (minor dimension).

C. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-1, "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.

D. 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.

E. 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."

2.3 SHEET METAL MATERIALS

A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards 
- Metal and Flexible" for acceptable materials, material thicknesses, and duct construction 
methods unless otherwise indicated.  Sheet metal materials shall be free of pitting, seam marks, 
roller marks, stains, discolorations, and other imperfections.

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M.
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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 

ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.

D. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch 
minimum diameter for lengths longer than 36 inches.

2.4 DUCT LINER

A. Flexible Elastomeric Duct Liner:  Preformed, cellular, closed-cell, sheet materials complying with 
ASTM C 534, Type II, Grade 1; and with NFPA 90A or NFPA 90B.
1. Manufacturers:  Subject to compliance with requirements, 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."

B. Insulation Pins and Washers:
1. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully 

annealed for capacitor-discharge welding, 0.135-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.

C. 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. Secure liner with mechanical fasteners 4 inches from corners and at intervals not 
exceeding 12 inches transversely; at 3 inches from transverse joints and at intervals not 
exceeding 18 inches longitudinally.

8. Secure transversely oriented liner edges facing the airstream with metal nosings that have 
either channel or "Z" profiles or are integrally formed from duct wall.  Fabricate edge 
facings at the following locations:
a. Fan discharges.
b. Intervals of lined duct preceding unlined duct.
c. Upstream edges of transverse joints in ducts where air velocities are higher than 

2500 fpm or where indicated.
9. 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.
10. Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, turning 

vane assemblies, or other devices.  Fabricated buildouts (metal hat sections) or other 
buildout means are optional; when used, secure buildouts to duct walls with bolts, screws, 
rivets, or welds.

2.5 SEALANT AND GASKETS

A. General Sealant and Gasket Requirements:  Surface-burning characteristics for sealants and 
gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index of 
50 when tested according to UL 723; certified by an NRTL.

B. Water-Based Joint and Seam Sealant:
1. Application Method:  Brush on.
2. Solids Content:  Minimum 65 percent.
3. Shore A Hardness:  Minimum 20.
4. Water resistant.
5. Mold and mildew resistant.
6. VOC:  Maximum 75 g/L (less water).
7. Maximum Static-Pressure Class:  10-inch wg, positive and negative.
8. Service:  Indoor or outdoor.
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless 

steel, or aluminum sheets.

C. Solvent-Based Joint and Seam Sealant:
1. Application Method:  Brush on.
2. Base:  Synthetic rubber resin.
3. Solvent:  Toluene and heptane.
4. Solids Content:  Minimum 60 percent.
5. Shore A Hardness:  Minimum 60.
6. Water resistant.
7. Mold and mildew resistant.
8. 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).
9. VOC:  Maximum 395 g/L.
10. 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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11. Maximum Static-Pressure Class:  10-inch wg, positive or negative.
12. Service:  Indoor or outdoor.
13. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless 

steel, or aluminum sheets.

D. Flanged Joint Sealant:  Comply with ASTM C 920.
1. General:  Single-component, acid-curing, silicone, elastomeric.
2. Type:  S.
3. Grade:  NS.
4. Class:  25.
5. Use:  O.
6. 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."

E. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.

F. Round Duct Joint O-Ring Seals:
1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and shall be 

rated for 10-inch wg static-pressure class, positive or negative.
2. EPDM O-ring to seal in concave bead in coupling or fitting spigot.
3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings 

and fitting spigots.

2.6 HANGERS AND SUPPORTS

A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts.

B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or galvanized rods 
with threads painted with zinc-chromate primer after installation.

C. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum 
Hanger Sizes for Round Duct."

D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with ASTM A 603.

E. Steel Cables for Stainless-Steel Ducts:  Stainless steel complying with ASTM A 492.

F. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, and bolts 
designed for duct hanger service; with an automatic-locking and clamping device.

G. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible 
with duct materials.

H. Trapeze and Riser Supports:
1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates.
2. Supports for Stainless-Steel Ducts:  Stainless-steel shapes and plates.
3. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with zinc 

chromate.
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PART 3 - EXECUTION

3.1 DUCT INSTALLATION

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct 
system.  Indicated duct locations, configurations, and arrangements were used to size ducts and 
calculate friction loss for air-handling equipment sizing and for other design considerations.  
Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and 
Coordination Drawings.

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" 
unless otherwise indicated.

C. Install round and flat-oval ducts in maximum practical lengths.

D. Install ducts with fewest possible joints.

E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch 
connections.

F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines.

G. Install ducts close to walls, overhead construction, columns, and other structural and permanent 
enclosure elements of building.

H. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.

I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and 
enclosures.

J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to 
view, cover the opening between the partition and duct or duct insulation with sheet metal flanges 
of same metal thickness as the duct.  Overlap openings on four sides by at least 1-1/2 inches.

K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.  
Comply with requirements in Section 233300 "Air Duct Accessories" for fire and smoke 
dampers.

L. Protect duct interiors from moisture, construction debris and dust, and other foreign 
materials.  Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under 
Construction," Appendix G, "Duct Cleanliness for New Construction Guidelines."

3.2 INSTALLATION OF EXPOSED DUCTWORK

A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged.

B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed bead.  Do not use 
two-part tape sealing system.

C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.  When 
welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, 
and treat the welds to remove discoloration caused by welding.

D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings, 
hangers and supports, duct accessories, and air outlets.

E. Repair or replace damaged sections and finished work that does not comply with these 
requirements.
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3.3 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.

3.4 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, 
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 
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."

3.8 FIELD QUALITY CONTROL

A. Perform tests and inspections.

B. Leakage Tests:
1. Comply with SMACNA's "HVAC Air Duct Leakage Test Manual."  Submit a test report 

for each test.
2. Test the following systems:

a. Ducts with a Pressure Class 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.

C. Duct System Cleanliness Tests:
1. Visually inspect duct system to ensure that no visible contaminants are present.
2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness according 

to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and Restoration of HVAC 
Systems."
a. Acceptable Cleanliness Level:  Net weight of debris collected on the filter media 

shall not exceed 0.75 mg/100 sq. cm.

D. Duct system will be considered defective if it does not pass tests and inspections.

E. Prepare test and inspection reports.

3.9 DUCT CLEANING

A. Clean new duct system(s) before testing, adjusting, and balancing.

B. Use service openings for entry and inspection.
1. Create new openings and install access panels appropriate for duct static-pressure class if 

required for cleaning access.  Provide insulated panels for insulated or lined duct.  Patch 
insulation and liner as recommended by duct liner manufacturer.  Comply with 
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.

C. Particulate Collection and Odor Control:
1. When venting vacuuming system inside the building, use HEPA filtration with 99.97 

percent collection efficiency for 0.3-micron-size (or larger) particles.
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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, 
air wash systems, spray eliminators, condensate drain pans, humidifiers and 
dehumidifiers, filters and filter sections, and condensate collectors and drains.

4. Coils and related components.
5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and 

mechanical equipment rooms.
6. Supply-air ducts, dampers, actuators, and turning vanes.
7. Dedicated exhaust and ventilation components and makeup air systems.

E. Mechanical Cleaning Methodology:
1. Clean metal duct systems using mechanical cleaning methods that extract contaminants 

from within duct systems and remove contaminants from building.
2. Use vacuum-collection devices that are operated continuously during cleaning.  Connect 

vacuum device to downstream end of duct sections so areas being cleaned are under 
negative pressure.

3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without 
damaging integrity of metal ducts, duct liner, or duct accessories.

4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner 
to get wet.  Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated 
or that has friable material, mold, or fungus growth.

5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain pan operational.  
Rinse coils with clean water to remove latent residues and cleaning materials; comb and 
straighten fins.

6. Provide drainage and cleanup for wash-down procedures.
7. Antimicrobial Agents and Coatings:  Apply EPA-registered antimicrobial agents if 

fungus is present.  Apply antimicrobial agents according to manufacturer's written 
instructions after removal of surface deposits and debris.

3.10 START UP

A. Air Balance:  Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing 
for HVAC."

3.11 DUCT SCHEDULE

A. Fabricate ducts with galvanized sheet steel 

B. 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.

C. 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:
1. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air:

a. Pressure Class:  Negative 2-inch wg.
b. Minimum SMACNA Seal Class:  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:
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1. 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 
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. 

I. 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.

2. 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

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. Backdraft and pressure relief dampers.
2. Manual volume dampers.
3. Fire dampers.
4. Turning vanes.
5. Duct-mounted access doors.
6. Flexible connectors.
7. Flexible ducts.
8. Duct accessory hardware.

B. Related Requirements:
1. Section 283111 "Digital, Addressable Fire-Alarm System" for duct-mounted fire and 

smoke detectors.

1.3 ACTION SUBMITTALS

A. 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.

1.4 INFORMATIONAL SUBMITTALS

A. 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.

B. Source quality-control reports.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data:  For air duct accessories to include in operation and 
maintenance manuals.

1.6 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. Fusible Links:  Furnish quantity equal to 10 percent of amount installed.
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PART 2 - PRODUCTS

2.1 ASSEMBLY DESCRIPTION

A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with 
NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."

B. Comply with 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.

2.2 MATERIALS

A. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M.
1. Galvanized Coating Designation:  G60.
2. Exposed-Surface Finish:  Mill phosphatized.

B. 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.

C. 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.

D. Extruded Aluminum:  Comply with ASTM B 221, Alloy 6063, Temper T6.

E. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on galvanized 
sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.

F. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch 
minimum diameter for lengths longer than 36 inches.

2.3 BACKDRAFT AND PRESSURE RELIEF DAMPERS

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following:
1. Air Balance Inc.; a division of Mestek, Inc.
2. American Warming and Ventilating; a division of Mestek, Inc.
3. Cesco Products; a division of Mestek, Inc.
4. Greenheck Fan Corporation.
5. Lloyd Industries, Inc.
6. Nailor Industries Inc.
7. NCA Manufacturing, Inc.
8. Pottorff.
9. Ruskin Company.
10. Vent Products Company, Inc.

B. Description:  Gravity balanced.

C. Maximum Air Velocity:  2000 fpm 

D. Frame:  Hat-shaped, 0.05-inch- thick, galvanized sheet steel, with welded corners or mechanically 
attached and mounting flange.

E. Blades:  Multiple single-piece blades, maximum 6-inch width, 0.025-inch- thick, roll-formed 
aluminum with sealed edges.

F. 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.

I. 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.
e. Nailor Industries Inc.
f. Pottorff.
g. Ruskin Company.
h. Trox USA Inc.
i. 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.
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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. Pottorff.
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.
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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. Pottorff.
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:
1. 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.
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2. Arrow United Industries; a division of Mestek, Inc.
3. Cesco Products; a division of Mestek, Inc.
4. Greenheck Fan Corporation.
5. Nailor Industries Inc.
6. NCA Manufacturing, Inc.
7. Pottorff.
8. Prefco; Perfect Air Control, Inc.
9. Ruskin Company.
10. Vent Products Company, Inc.
11. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

B. Type:  Static; rated and labeled according to UL 555 by an NRTL.

C. Fire Rating:  1-1/2 and 3 hours.

D. Frame:  Curtain type with blades outside airstream except when located behind grille where 
blades may be inside airstream; fabricated with roll-formed, 0.034-inch- thick galvanized steel; 
with mitered and interlocking corners.

E. 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.

F. Mounting Orientation:  Vertical or horizontal as indicated.

G. 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.

H. Horizontal Dampers:  Include blade lock and stainless-steel closure spring.

I. Heat-Responsive Device:  Replaceable, 165 deg F rated, fusible links.

J. Heat-Responsive Device:  replaceable link and switch package, factory installed, 165 deg F rated.

2.6 TURNING VANES

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following:
1. Ductmate Industries, Inc.
2. Duro Dyne Inc.
3. Elgen Manufacturing.
4. METALAIRE, Inc.
5. SEMCO Incorporated.
6. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

B. Manufactured Turning Vanes for Metal Ducts:  Curved blades of galvanized sheet steel; support 
with bars perpendicular to blades set; set into vane runners suitable for duct mounting.
1. Acoustic Turning Vanes:  Fabricate airfoil-shaped aluminum extrusions with perforated 

faces and fibrous-glass fill.

C. Manufactured Turning Vanes for Nonmetal Ducts:  Fabricate curved blades of resin-bonded 
fiberglass with acrylic polymer coating; support with bars perpendicular to blades set; set into 
vane runners suitable for duct mounting.
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D. 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."

E. Vane Construction:  Double wall.

F. Vane Construction:  Single wall for ducts up to 48 inches wide and double wall for larger 
dimensions.

2.7 DUCT-MOUNTED ACCESS DOORS

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following:
1. American Warming and Ventilating; a division of Mestek, Inc.
2. Cesco Products; a division of Mestek, Inc.
3. Ductmate Industries, Inc.
4. Elgen Manufacturing.
5. Flexmaster U.S.A., Inc.
6. Greenheck Fan Corporation.
7. McGill AirFlow LLC.
8. Nailor Industries Inc.
9. Pottorff.
10. Ventfabrics, Inc.
11. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

B. 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.

2.8 FLEXIBLE CONNECTORS

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following:
1. Ductmate Industries, Inc.
2. Duro Dyne Inc.
3. Elgen Manufacturing.
4. Ventfabrics, Inc.
5. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

B. Materials:  Flame-retardant or noncombustible fabrics.
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C. Coatings and Adhesives:  Comply with UL 181, Class 1.

D. 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 oz./sq. yd..
2. Tensile Strength:  480 lbf/inch in the warp and 360 lbf/inch in the filling.
3. Service Temperature:  Minus 40 to plus 200 deg F.

F. Outdoor System, Flexible Connector Fabric:  Glass fabric double coated with weatherproof, 
synthetic rubber resistant to UV rays and ozone.
1. Minimum Weight:  24 oz./sq. yd..
2. Tensile Strength:  530 lbf/inch in the warp and 440 lbf/inch in the filling.
3. Service Temperature:  Minus 50 to plus 250 deg F.

G. High-Temperature System, Flexible Connectors:  Glass fabric coated with silicone rubber.
1. Minimum Weight:  16 oz./sq. yd..
2. Tensile Strength:  285 lbf/inch in the warp and 185 lbf/inch in the filling.
3. Service Temperature:  Minus 67 to plus 500 deg F.

H. High-Corrosive-Environment System, Flexible Connectors:  Glass fabric with chemical-resistant 
coating.
1. Minimum Weight:  14 oz./sq. yd..
2. Tensile Strength:  450 lbf/inch in the warp and 340 lbf/inch in the filling.
3. Service Temperature:  Minus 67 to plus 500 deg F.

I. 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, 
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 DUCT ACCESSORY HARDWARE

A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including screw cap and 
gasket.  Size to allow insertion of pitot tube and other testing instruments and of length to suit 
duct-insulation thickness.

B. Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to gasoline 
and grease.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct 
Construction Standards," for fibrous-glass ducts.

B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in 
galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and 
aluminum accessories in aluminum ducts.

C. Install backdraft dampers at inlet of exhaust fans or exhaust ducts as close as possible to exhaust 
fan unless otherwise indicated.

D. 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.

E. Set dampers to fully open position before testing, adjusting, and balancing.

F. Install test holes at fan inlets and outlets and elsewhere as indicated.

G. Install fire and smoke dampers according to UL listing.

H. 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.

I. Connect ducts to duct silencers with flexible duct connectors. 

J. 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.  

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.

K. Install access doors with swing against duct static pressure.

L. Access Door Sizes:
1. One-Hand or Inspection Access:  8 by 5 inches.
2. Two-Hand Access:  12 by 6 inches.
3. Head and Hand Access:  18 by 10 inches.
4. Head and Shoulders Access:  21 by 14 inches.
5. Body Access:  25 by 14 inches.
6. Body plus Ladder Access:  25 by 17 inches.

M. Label access doors according to Section 230553 "Identification for HVAC Piping and 
Equipment" to indicate the purpose of access door.

N. Install flexible connectors to connect ducts to equipment.

O. For fans developing static pressures of 5-inch wg and more, cover flexible connectors with loaded 
vinyl sheet held in place with metal straps.

P. Connect terminal units to supply ducts directly or  with maximum 12-inch lengths of flexible 
duct.  Do not use flexible ducts to change directions.

Q. Connect diffusers or light troffer boots to ducts directly or with maximum 60-inch lengths of 
flexible duct clamped or strapped in place.

R. Connect flexible ducts to metal ducts with adhesive and draw bands.

S. Install duct test holes where required for testing and balancing purposes.

T. Install thrust limits at centerline of thrust, symmetrical on both sides of equipment.  Attach thrust 
limits at centerline of thrust and adjust to a maximum of 1/4-inch movement during start and stop 
of fans.

3.2 FIELD QUALITY CONTROL

A. Tests and Inspections:
1. Operate dampers to verify full range of movement.
2. Inspect locations of access doors and verify that purpose of access door can be 

performed.
3. Operate fire, smoke, and combination fire and smoke dampers to verify full range of 

movement and verify that proper heat-response device is installed.
4. Inspect turning vanes for proper and secure installation.
5. Operate remote damper operators to verify full range of movement of operator and 

damper.



ELLENVILLE CSD                                           2020 CAPITAL IMPROVEMENT PROJECT: PHASE 1
14426.04 AIR DUCT ACCESSORIES 233300 - 11

CPL

END OF SECTION 233300
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SECTION 233423 - HVAC POWER VENTILATORS

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. Centrifugal ventilators - roof downblast.
2. Centrifugal ventilators - roof upblast and sidewall.
3. Centrifugal ventilators - roof upblast - Grease Hood Kitchen

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Construction details, material descriptions, dimensions of individual components and 
profiles, and finishes for fans.

2. Rated capacities, operating characteristics, and furnished specialties and accessories.
3. Certified fan performance curves with system operating conditions indicated.
4. Certified fan sound-power ratings.
5. Motor ratings and electrical characteristics, plus motor and electrical accessories.
6. Material thickness and finishes, including color charts.
7. Dampers, including housings, linkages, and operators.
8. Prefabricated roof curbs.
9. Fan speed controllers.

B. Shop Drawings:

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. Include diagrams for power, signal, and control wiring.
4. Design Calculations: Calculate requirements for selecting vibration isolators.

1.4 INFORMATIONAL SUBMITTALS

A. 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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B. Field quality-control reports.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For HVAC power ventilators to include in normal and 
emergency operation, and maintenance manuals.

1.6 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. Belts: One set for each belt-driven unit.

PART 2 - PRODUCTS

2.1 CENTRIFUGAL VENTILATORS - ROOF DOWNBLAST

A. Housing: Downblast; removable spun aluminum; square, one-piece aluminum base with 
venturi inlet cone.

B. Fan Wheels: Aluminum hub and wheel with backward-inclined blades.

C. 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.

D. 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.

2.2 CENTRIFUGAL VENTILATORS - ROOF UPBLAST OR SIDEWALL

A. Configuration: Centrifugal roof upblast ventilator.

B. 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 
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shall be readily accessible for maintenance. Drive frame assemblies shall be constructed 
of heavy gauge steel and mounted on vibration isolators.

E. 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.

F. 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.

G. Electrical:
1. Fans shall be listed by Underwriters Laboratory for UL/cUL 762 Listed for all electrical 

components and grease removal.

H. 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.

I. 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.

2.4 MOTORS

A. 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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1. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load 
will not require motor to operate in service factor range above 1.0.

2.5 SOURCE QUALITY CONTROL

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
an NRTL, and marked for intended location and application.

B. 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.

C. Operating Limits: Classify according to AMCA 99.

D. 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

3.1 INSTALLATION OF HVAC POWER VENTILATORS

A. Install power ventilators level and plumb.

B. Equipment Mounting:
1. Comply with requirements for vibration isolation devices specified in Section 230548.13 

"Vibration Controls for HVAC."

C. Secure roof-mounted fans to roof curbs with zinc-plated hardware. See Section 077200 "Roof 
Accessories" for installation of roof curbs.

D. Ceiling Units: Suspend units from structure; use steel wire or metal straps.

E. 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.”

F. Install units with clearances for service and maintenance.

G. Label units according to requirements specified in Section 230553 "Identification for HVAC 
Piping and Equipment."

3.2 DUCTWORK CONNECTIONS

A. 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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3.3 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."

3.4 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.

3. Verify that there is adequate maintenance and access space.
4. Verify that cleaning and adjusting are complete.
5. 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.

6. Adjust belt tension.
7. Adjust damper linkages for proper damper operation.
8. Verify lubrication for bearings and other moving parts.
9. 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.
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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. 
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PART 2 - PRODUCTS 

2.1 LISTED GREASE DUCTS 

A. 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 

B. 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. 

C. Gaskets and Flanges: Ensure that gaskets and sealing materials are rated at 1500 deg F (816 
deg C) minimum. 

D. Hood Connectors: Constructed from same material as grease duct with internal or external 
continuously welded or brazed joints. 

E. 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. 

F. 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. 

G. Comply with ASTM E2336. 

H. Factory Tests: Test and inspect fire resistance of grease duct system according to ASTM E2336. 

2.2 ACCESS DOORS 

A. 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. 
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a. Ensure that bolts do not penetrate interior of duct space. 

3. 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 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for installation tolerances and 
other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Coordinate installation of roof curbs, equipment supports, and roof penetrations. Comply with 
requirements in Section 077200 "Roof Accessories." 

B. Coordinate connections to kitchen exhaust hoods with requirements in Section 233813 
"Commercial-Kitchen Hoods." 

C. Coordinate connections to exhaust fans with requirements in Section 233423 HVAC POWER 
VENTILATORS. 

D. Coordinate firestopping where grease ducts penetrate fire separations with requirements in 
Section 078413 "Penetration Firestopping." 

E. Comply with minimum clearances from combustibles and minimum termination heights 
according to product listing or NFPA 211 and UL 2221, whichever is most stringent. 

F. Install airtight maintenance access doors where indicated. 

G. Seal between sections of grease exhaust ducts according to manufacturer's written installation 
instructions, using sealants recommended by manufacturer. 

H. 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. 

I. Support ducts at intervals recommended by manufacturer to support weight of ducts and 
accessories, without applying loading on kitchen hoods. 
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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. 

3.3 FIELD QUALITY CONTROL 

A. Perform air leakage test before concealment of any portion of the grease duct system. 

END OF SECTION 233533 
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SECTION 233713 - DIFFUSERS, REGISTERS, AND GRILLES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Rectangular and square ceiling diffusers.

B. 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.

1.3 ACTION SUBMITTALS

A. 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.

B. Samples for Initial Selection:  For diffusers, registers, and grilles with factory-applied color 
finishes.

C. Samples for Verification:  For diffusers, registers, and grilles, in manufacturer's standard sizes to 
verify color selected.

1.4 INFORMATIONAL SUBMITTALS

A. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which the following items 
are shown and coordinated with each other, using input from Installers of the items involved:
1. Ceiling suspension assembly members.
2. 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.

B. Source quality-control reports.

PART 2 - PRODUCTS

2.1 CEILING DIFFUSERS

A. 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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b. Krueger.
c. METALAIRE, Inc.
d. Nailor Industries Inc.
e. Price Industries.
f. Titus.

2.2 REGISTERS AND GRILLES

A. Adjustable Bar Register:
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.
b. Carnes.
c. Krueger.
d. METALAIRE, Inc.
e. Nailor Industries Inc.
f. Price Industries.
g. Titus.

B. 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:
a. Anemostat Products; a Mestek company.
b. Krueger.
c. Nailor Industries Inc.
d. Price Industries.
e. Titus.
f. Titus.

2.3 SOURCE QUALITY CONTROL

A. Verification of Performance:  Rate diffusers, registers, and grilles according to ASHRAE 70, 
"Method of Testing for Rating the Performance of Air Outlets and Inlets."

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with 
requirements for installation tolerances and other conditions affecting performance of equipment.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Install diffusers, registers, and grilles level and plumb.

B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, 
and accessories.  Air outlet and inlet locations have been indicated to achieve design requirements 
for air volume, noise criteria, airflow pattern, 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
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SECTION 236313 - AIR-COOLED REFRIGERANT CONDENSERS

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes packaged, air-cooled refrigerant condensers for outdoor installation.

1.2 ACTION SUBMITTALS

A. 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.

B. Shop Drawings: For air-cooled refrigerant condensers. Include plans, elevations, sections, 
details, and attachments to other work.

C. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, 
method of field assembly, components, and location and size of each field connection.

D. Wiring Diagrams: For power, signal, and control wiring.

E. Submit specified manufacturer’s written warranty.

1.3 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For air-cooled refrigerant condensers to include in 
emergency, operation, and maintenance manuals.

1.4 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. Fabricate and label refrigeration system according to ASHRAE 15, "Safety Standard for 
Refrigeration Systems."

C. ASHRAE/IESNA 90.1 Compliance: Applicable requirements in ASHRAE/IESNA 90.1, 
Section 6 - "Heating, Ventilating, and Air-Conditioning."

1.5 WARRANTY

A. Provide 5-year compressor parts warranty.

B. Provide parts warranty for one year from start-up or 18 months from shipment, whichever occurs 
first on all other parts.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. 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.

2.4 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
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3.1 INSTALLATION

A. Install units level and plumb, firmly anchored in locations indicated.

B. Equipment Mounting:
1. Comply with requirements for vibration isolation devices specified in Section 230548.13 

"Vibration Controls for HVAC."

C. Maintain manufacturer's recommended clearances for service and maintenance.

D. Loose Components: Install electrical components, devices, and accessories that are not factory 
mounted.

3.2 CONNECTIONS

A. 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.

B. Where installing piping adjacent to equipment, allow space for service and maintenance of 
equipment.

C. Connect precharged refrigerant tubing to unit's quick-connect fittings. Install tubing so it does 
not interfere with access to unit. Install furnished accessories.

D. 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."

3.3 FIELD QUALITY CONTROL

A. Perform tests and inspections.

B. 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
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SECTION 237400 - PACKAGED OUTDOOR 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:
1. Packaged Rooftop air conditioners

1.3 ACTION SUBMITTALS

A. 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.

B. 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.

1.4 REFERENCES

A. AFBMA 9 - Load Ratings and Fatigue Life for Ball Bearings.

B. AMCA 99-Standards Handbook

C. AMCA 500-Test Methods for Louver, Dampers, and Shutters.

D. AHRI 340/360  - Unitary Large Equipment

E. NEMA MG1-Motors and Generators

F. National Electrical Code.

G. NFPA 70-National Fire Protection Agency.

H. SMACNA-HVAC Duct Construction Standards-Metal and Flexible.

I. UL 900-Test Performance of Air Filter Units.

1.5 INFORMATIONAL SUBMITTALS

A. 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.

B. Field quality-control reports.
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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.
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PART 2 - PRODUCTS

2.1 PACKAGED ENERGY RECOVERY UNITS

A. Manufacturers:
1. Daikin (Basis of Design)
2. Trane
3. Carrier 
4. Approved equal

B. Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1.

C. Unit performance and electrical characteristics shall be per the job schedule.

D. Configuration: Fabricate as detailed on prints and drawings:
1. Return plenum  / economizer section
2. Filter section
3. Cooling coil section
4. Supply fan section
5. Condensing unit section

E. The complete unit shall be cETLus listed.

F. The unit shall be ASHRAE 90.1-2016 compliant and labeled.

G. 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.  

H. 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.

I. 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.

J. 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.

K. 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 
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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.

3. 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. 

4. 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.

2. 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.  
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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.

2. 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.

N. EXHAUST FAN
1. 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.

2. 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.  

3. 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. 

O. 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" 
MERV 14  filters. 

P. COOLING COIL
1. 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.

2. 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.  

3. 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.

4. The refrigerant suction lines shall be fully insulated from the expansion valve to the 
compressors.

5. 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.  

Q. HOT GAS REHEAT
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1. Unit shall be equipped with a fully modulating hot gas reheat coil with hot gas coming 
from the unit condenser

2. 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.

3. 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.  

4. 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.

2. 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.

3. All fan assemblies shall be statically and dynamically balanced at the factory, including a 
final trim balance, prior to shipment. 

4. 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.

5. 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.

6. 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.

2. The unit manufacturer shall install all power and control wiring.
3. 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 
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control the refrigerant flow.  The unit controller shall modulate the expansion valve to 
maintain compressor operation within the compressor operational envelope.  

2. The refrigerant system shall have a pump-down cycle.

U. CONDENSING SECTION
1. 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.

2. 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 0º 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.  

3. 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.

4. 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.

5. 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.

6. 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. 

2. 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. The BMS shall maintain existing set points. No settings shall be lost, even during extended 

power shutdowns.
2. 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.

3. 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.

4. 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:
a. Return air temperature.
b. Discharge air temperature.
c. Outdoor air temperature.
d. Space air temperature.
e. Outdoor enthalpy, high/low.
f. Compressor suction temperature and pressure
g. Compressor head pressure and temperature
h. Expansion valve position
i. Condenser fan speed
j. Inverter compressor speed
k. Dirty filter indication.
l. Airflow verification.
m. Cooling status.
n. Control temperature (Changeover).
o. VAV box output status.
p. Cooling status/capacity.
q. Unit status.
r. All time schedules.
s. Active alarms with time and date.
t. Previous alarms with time and date.
u. Optimal start
v. Supply fan and exhaust fan speed.
w. System operating hours. 

1) Fan
2) Exhaust fan
3) Cooling
4) Individual compressor
5) Heating
6) Economizer
7) Tenant override

5. 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

h. Lockout control for compressors.
i. Compressor interstage timers 
j. Night setback and setup space temperature.
k. Building static pressure.
l. Economizer changeover 

1) Enthalpy
2) Drybulb temperature

m. Currently time and date
n. Tenant override time
o. Occupied/unoccupied time schedule
p. One event schedule
q. Holiday dates and duration
r. Adjustable set points
s. 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)
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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

3.1 EXAMINATION

A. Examine areas and conditions, with Installer present, for compliance with requirements for 
installation tolerances and other conditions affecting performance of the Work.

B. 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.

C. Examine roughing-in for electrical services to verify actual locations of connections before 
installation.

D. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. 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."

B. 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.

C. Install units with clearances for service and maintenance.

D. Install new filters at completion of equipment installation and before testing, adjusting, and 
balancing.

3.3 CONNECTIONS

A. 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.

B. 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."

G. Install electrical devices furnished with units but not factory mounted.

3.4 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 "Identification 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."
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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 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. Hydronic air coils.

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 each air coil.

2. Include rated capacities, operating characteristics, and pressure drops for each air coil.

1.4 INFORMATIONAL SUBMITTALS

A. 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.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For air coils to include in operation and maintenance 
manuals.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. ASHRAE 62.1 Compliance: Comply with applicable requirements in ASHRAE 62.1, Section 5, 
"Systems and Equipment," and Section 7, "Construction and Startup."

B. 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.

1. 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.

I. 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:
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1. Manufacturer name, address, telephone number, and website address.
2. Manufacturer model number.
3. Serial number.
4. Manufacturing date.
5. Coil identification (indicated on Drawings).
6. Coil fin length.
7. Coil fin height.
8. 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.

O. Comply with Section 230546 "Coatings for HVAC" for corrosion-resistant coating. See 
Drawings for coils requiring a corrosion-resistant coating.

P. Coating: None

2.3 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.

3.2 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


