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SECTION 23 05 17  

SLEEVES AND SLEEVE SEALS FOR HVAC PIPING 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Pipe sleeves. 

B. Pipe-sleeve seals. 

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures. 

B. Shop Drawings:  Indicate pipe materials used, jointing methods, supports, floor and wall 
penetration seals.  Indicate installation, layout, weights, mounting and support details, and 
piping connections. 

C. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project. 

1. See Section 01 60 00 - Product Requirements, for additional provisions. 

2. Extra Valve Stem Packings:  Two for each type and size of valve. 

1.03 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in 
this section with minimum three years documented experience. 

B. Installer Qualifications:  Company specializing in performing work of the type specified this 
section. 

1. Minimum three years experience. 

2. Approved by manufacturer. 

C. Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may 
have accumulated from the installation and testing of the system. 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. Deliver and store sleeve and sleeve seals in shipping containers, with labeling in place. 

B. Provide temporary protective coating on cast iron and steel sleeves if shipped loose. 

1.05 WARRANTY 

A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements. 

B. Correct defective Work within a five year period after Date of Final Acceptance. 

PART 2  PRODUCTS 

2.01 PIPE SLEEVES 

A. Manufacturers: 

1. American Polywater Corporation; PZVR Watertight Wall Sleeves for 
Pipes:  www.polywater-haufftechnik.com/#sle. 

2. Flexicraft Industries; Pipe Wall Sleeve:  www.flexicraft.com/#sle. 

3. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Vertical Piping: 

1. Sleeve Length:  1 inch above finished floor. 

2. Provide sealant for watertight joint. 

2.02 PIPE-SLEEVE SEALS 

A. Modular Mechanical Sleeve-Seal: 

1. Elastomer-based interlocking links continuously fill annular space between pipe and wall-
sleeve, wall or casing opening. 
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2. Watertight seal between pipe and wall-sleeve, wall or casing opening, 20 psi. 

3. Size and select seal component materials in accordance with service requirements. 

4. Glass-reinforced plastic pressure end plates. 

B. Wall Sleeve:  PVC material with waterstop collar, and nailer end-caps. 

C. Sleeve-Forming Disk:  Non-conductive plastic-based material,  3 inch thick. 

D. Pipeline-Casing Seals: 

1. End Seals:  1/8 inch, pull-on type, rubber or synthetic rubber based. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Route piping in orderly manner, plumb and parallel to building structure.  Maintain gradient. 

B. Install piping to conserve building space, to not interfere with use of space and other work. 

C. Install piping and pipe sleeves to allow for expansion and contraction without stressing pipe, 
joints, or connected equipment. 

D. Provide sleeves when penetrating footings, floors, walls, partitions, and _______.  Seal pipe 
including sleeve penetrations to achieve fire resistance equivalent to fire separation required. 

E. Manufactured Sleeve-Seal Systems: 

1. Install manufactured sleeve-seal systems in sleeves located in grade slabs and exterior 
concrete walls at piping entrances into building. 

2. Provide sealing elements of the size, quantity, and type required for the piping and sleeve 
inner diameter or penetration diameter. 

3. Locate piping in center of sleeve or penetration. 

4. Install field assembled sleeve-seal system components in annular space between sleeve 
and piping. 

5. Tighten bolting for a water-tight seal. 

6. Install in accordance with manufacturer's recommendations. 

F. When installing more than one piping system material, ensure system components are 
compatible and joined to ensure the integrity of the system.  Provide necessary joining 
fittings.  Ensure flanges, union, and couplings for servicing are consistently provided. 

3.02 CLEANING 

A. Upon completion of work, clean all parts of the installation. 

B. Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may 
have accumulated from the installation and testing of the system. 

END OF SECTION 
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SECTION 23 05 19  
METERS AND GAUGES FOR HVAC PIPING 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASME B40.100 - Pressure Gauges and Gauge Attachments; 2022. 

B. ASTM E1 - Standard Specification for ASTM Liquid-in-Glass Thermometers; 2014 (Reapproved 
2025). 

C. AWWA C700 - Cold-Water Meters -- Displacement Type, Metal Alloy Main Case; 2024. 

D. AWWA M6 - Water Meters -- Selection, Installation, Testing, and Maintenance; 2012, with 
Addendum (2018). 

E. NEMA EN 10250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2024. 

F. UL 393 - Indicating Pressure Gauges for Fire-Protection Service; Current Edition, Including All 
Revisions. 

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures. 

PART 2  PRODUCTS 

2.01 POSITIVE DISPLACEMENT METERS (LIQUID) 

A. AWWA C700, positive displacement disc type suitable for fluid with metal alloy main case and 
cast iron frost-proof, breakaway bottom cap, hermetically sealed register, remote reading. 

2.02 HEAT CONSUMPTION METERS 

A. Manufacturers: 

1. Onicon System-10 BTU Meter, F-3500 Electromagnetic Flow Meter. 

2.03 ELECTROMAGNETIC FLOW METERS 

A. Manufacturers: 

1. Badger Meter, Inc; ______:  www.badgermeter.com/#sle. 

2. Foxboro; ______:  www.schneider-electric.us/#sle. 

3. Onicon, Inc., F-3500:  www.onicon.com/#sle..(Preferred) 

B. Liquid Flow Capacity Range:  As indicated on drawings. 

C. Construction:  Stainless steel or aluminum sensor with integral NEMA EN 10250 Type 4 or 4X 
stainless steel or aluminum enclosure to hold thermal mass sensor and circuits with numeric 
display for consumption reading. 

D. Liquid Conductivity:  5 mS/cm, minimum. 

E. Accuracy:  0.02 percent of value applied to manufacturer-specified velocity range. 

F. Output:  Two-wire, 0 to 10 VDC, non-loop powered. 

G. Service Pressure and Temperature:  Up to 400 psi and 15 to 250 degrees F liquid side, 150 
degrees F ambient. 

2.04 PRESSURE GAUGES 

A. Pressure Gauges:  ASME B40.100, UL 393 drawn steel case, phosphor bronze bourdon tube, 
rotary brass movement, brass socket, with front recalibration adjustment, black scale on white 
background. 
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2.05 PRESSURE GAUGE TAPPINGS 

2.06 STEM TYPE THERMOMETERS 

A. Thermometers - Fixed Mounting:  Red- or blue-appearing non-toxic liquid in glass; ASTM 
E1;  lens front tube, cast aluminum case with enamel finish. 

B. Thermometers - Adjustable Angle:  Red- or blue-appearing non-toxic liquid in glass; ASTM E1; 
lens front tube, cast aluminum case with enamel finish, cast aluminum adjustable joint with 
positive locking device; adjustable 360 degrees in horizontal plane, 180 degrees in vertical 
plane. 

2.07 DIAL THERMOMETERS 

A. Thermometers - Fixed Mounting:  Dial type bimetallic actuated; ASTM E1; stainless steel case, 
silicone fluid damping, white with black markings and black pointer, hermetically sealed lens, 
stainless steel stem. 

B. Thermometer:  ASTM E1, stainless steel case, adjustable angle with front recalibration, 
bimetallic helix actuated with silicone fluid damping, white with black markings and black pointer 
hermetically sealed lens, stainless steel stem. 

C. Thermometers:  Dial type vapor or liquid actuated; ASTM E1; stainless steel case, with brass or 
copper bulb, copper or bronze braided capillary, white with black markings and black pointer, 
glass lens. 

2.08 TEST PLUGS 

A. Test Plug:  1/4 inch or 1/2 inch brass fitting and cap for receiving 1/8 inch outside diameter 
pressure or temperature probe with neoprene core for temperatures up to 200 degrees F. 

B. Test Kit:  Carrying case, internally padded and fitted containing one 2-1/2 inch diameter 
pressure gauges, one gauge adapters with 1/8 inch probes, two 1 inch dial thermometers. 

2.09 STATIC PRESSURE GAUGES 

A. 3-1/2 inch diameter dial in metal case, diaphragm actuated, black figures on white background, 
front recalibration adjustment, 2 percent of full scale accuracy. 

B. Inclined manometer, red liquid on white background with black figures, front recalibration 
adjustment, 3 percent of full scale accuracy. 

C. Accessories:  Static pressure tips with compression fittings for bulkhead mounting, 1/4 inch 
diameter tubing. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install positive displacement meters with isolating valves on inlet and outlet to AWWA 
M6.  Provide full line size valved bypass with globe valve for liquid service meters. 

C. Provide one pressure gauge per pump, installing taps before strainers and on suction and 
discharge of pump.  Pipe to gauge. 

D. Install pressure gauges with pulsation dampers.  Provide gauge cock to isolate each 
gauge.   Provide siphon on gauges in steam systems.  Extend nipples and siphons to allow 
clearance from insulation. 

E. Install thermometers in piping systems in sockets in short couplings.  Enlarge pipes smaller 
than 2-1/2 inch for installation of thermometer sockets.  Ensure sockets allow clearance from 
insulation. 

F. Install thermometers in air duct systems on flanges. 
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G. Install thermometer sockets adjacent to controls system thermostat, transmitter, or sensor
sockets.  Refer to Section 23 09 43. Where thermometers are provided on local panels, duct or
pipe mounted thermometers are not required.

H. Locate duct mounted thermometers minimum 10 feet downstream of mixing dampers, coils, or
other devices causing air turbulence.

I. Coil and conceal excess capillary on remote element instruments.

J. Provide instruments with scale ranges selected according to service with largest appropriate
scale.

K. Install gauges and thermometers in locations where they are easily read from normal operating
level.  Install vertical to 45 degrees off vertical.

L. Adjust gauges and thermometers to final angle, clean windows and lenses, and calibrate to
zero.

M. Locate test plugs adjacent thermometers and thermometer sockets.

END OF SECTION
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SECTION 23 05 23  

GENERAL-DUTY VALVES FOR HVAC PIPING 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASME B31.9 - Building Services Piping; 2020.

B. ASTM A126 - Standard Specification for Gray Iron Castings for Valves, Flanges, and Pipe
Fittings; 2004 (Reapproved 2023).

C. ASTM A536 - Standard Specification for Ductile Iron Castings; 2024.

D. ASTM B62 - Standard Specification for Composition Bronze or Ounce Metal Castings; 2017.

E. MSS SP-67 - Butterfly Valves; 2017, with Errata.

F. MSS SP-68 - High Pressure Butterfly Valves with Offset Design; 2021.

G. MSS SP-70 - Cast Iron Gate Valves, Flanged and Threaded Ends; 2011.

H. MSS SP-80 - Bronze Gate, Globe, Angle, and Check Valves; 2019.

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures.

1.03 QUALITY ASSURANCE 

PART 2  PRODUCTS 

2.01 APPLICATIONS 

A. Listed pipe sizes shown using nominal pipe sizes (NPS) and nominal diameter (DN).

B. Provide the following valves for the applications if not indicated on drawings:

C. Condenser Water Valves:

1. Size 2 inch and Smaller, Brass and Bronze Valves:

a. Threaded ends.

2. Size 2-1/2 inch and Larger, Iron Valves:

a. 2-1/2 inch to 4 inch:  Threaded ends.

D. Heating Hot Water Valves:

1. Size 2 inch and Smaller, Brass and Bronze Valves:

a. Threaded ends.

2. Size 2-1/2 inch and Larger, Iron Valves:

a. 2-1/2 inch to 4 inch:  Threaded ends.

2.02 GENERAL REQUIREMENTS 

A. Valve Pressure and Temperature Ratings:  No less than rating indicated; as required for system
pressures and temperatures.

B. Valve Sizes:  Match upstream piping unless otherwise indicated.

C. Valve Actuator Types:

D. Valve-End Connections:

E. General ASME Compliance:

1. Building Services Piping Valves:  ASME B31.9.

2.03 BRONZE, GLOBE VALVES 

A. CWP Rating:  Class 125:  200 psi:

1. Comply with MSS SP-80, Type 1.

2. Body:  Bronze; ASTM B62, with integral seat and screw in bonnet.
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3. Ends:  Threaded or solder joint. 

4. Stem and Disc:  Bronze or PTFE. 

5. Packing:  Asbestos free. 

6. Handwheel:  Malleable iron. 

2.04 BRONZE, BALL VALVES 

A. General: 

1. Fabricate from dezincification resistant material. 

2. Copper alloys containing more than 15 percent zinc are not permitted. 

2.05 IRON, SINGLE FLANGE BUTTERFLY VALVES 

A. Wafer and Lug Style: 

1. Comply with MSS SP-67, Type I. 

2. Lug Style, CWP Ratings: 

a. Sizes 2 to 12 inch:  150 psi. 

b. Sizes 14 to 24 inch:  250 psi. 

3. Body Material:  ASTM A126 cast iron or ASTM A536 ductile iron. 

4. Stem:  One or two-piece stainless steel. 

5. Seat:  NBR. 

6. Disc:  Aluminum-bronze. 

2.06 HIGH-PERFORMANCE, SINGLE FLANGE BUTTERFLY VALVES 

A. Lug type; Bidirectional dead end service without downstream flange: 

1. Comply with MSS SP-68. 

2. Class 150:  CWP Rating: 285 psi at 100 degrees F. 

3. Body:  Provide carbon steel, cast iron, ductile Iron, or stainless steel. 

4. Seat:  Metal or reinforced PTFE. 

5. Offset stem:  Stainless steel. 

6. Disc:  Carbon steel. 

2.07 BRASS, INLINE CHECK VALVES 

A. Class 150:  CWP Rating:  200 psi . 

B. Maximum Service Temperature:  250 degreess F. 

C. Body:  Forged brass. 

D. Disc:  Forged brass. 

E. Seal:  PTFE, bubble tight. 

F. End-Connections:  Press. 

2.08 IRON, GATE VALVES 

A. NRS or OS&Y: 

1. Comply with MSS SP-70, Type I. 

2. Body Material:  Gray iron with bolted bonnet. 

3. Ends:  Flanged. 

4. Trim:  Bronze. 

5. Disc:  Solid wedge. 

6. Packing and Gasket:  Asbestos free. 

2.09 CHAINWHEELS 

A. Description:  Valve actuation assembly with sprocket rim, brackets, and chain. 

1. Brackets:  Type, number, size, and fasteners required to mount actuator on valve. 

2. Attachment:  For connection to ball, butterfly, and plug valve stems. 
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3. Sprocket Rim with Chain Guides:  Ductile iron include zinc coating. 

4. Chain:  Hot-dip galvanized steel.  Sized to fit sprocket rim. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Provide unions or flanges with valves to facilitate equipment removal and maintenance while 
maintaining system operation and full accessibility for servicing. 

B. Provide separate valve support as required and locate valve with stem at or above center of 
piping, maintaining unimpeded stem movement. 

END OF SECTION
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SECTION 23 05 29  

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron 
and Steel Products; 2015. 

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel 
Hardware; 2023. 

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel; 
2023. 

PART 2  PRODUCTS 

2.01 SUPPORT AND ATTACHMENT COMPONENTS 

A. General Requirements: 

1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and 
hardware as necessary for the complete installation of plumbing work. 

2. Provide products listed, classified, and labeled as suitable for the purpose intended, where 
applicable. 

3. Where support and attachment component types and sizes are not indicated, select in 
accordance with manufacturer's application criteria as required for the load to be 
supported with a minimum safety factor of _____.  Include consideration for vibration, 
equipment operation, and shock loads where applicable. 

4. Steel Components:  Use corrosion resistant materials suitable for the environment where 
installed. 

a. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633. 

b. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM 
A123/A123M or ASTM A153/A153M. 

B. Prefabricated Trapeze-Framed Metal Strut Systems: 

1. Strut Channel or Bracket Material: 

2. Accessories:  Provide bracket covers, cable basket clips, cable tray clips, clamps, conduit 
clamps, fire-retarding brackets, j-hooks, protectors, and vibration dampeners. 

C. Hanger Rods: 

1. Threaded zinc-plated steel unless otherwise indicated. 

D. Anchors and Fasteners: 

1. Unless otherwise indicated and where not otherwise restricted, use the anchor and 
fastener types indicated for the specified applications. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Provide independent support from building structure.  Do not provide support from piping, 
ductwork, conduit, or other systems. 

C. Unless specifically indicated or approved by Engineer, do not provide support from suspended 
ceiling support system or ceiling grid. 

D. Unless specifically indicated or approved by Engineer, do not provide support from roof deck. 

E. Do not penetrate or otherwise notch or cut structural members without approval of Structural 
Engineer. 
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F. Equipment Support and Attachment: 

1. Use metal fabricated supports or supports assembled from metal channel (strut) to 
support equipment as required. 

2. Use metal channel (strut) secured to studs to support equipment surface-mounted on 
hollow stud walls when wall strength is not sufficient to resist pull-out. 

3. Use metal channel (strut) to support surface-mounted equipment in wet or damp locations 
to provide space between equipment and mounting surface. 

4. Securely fasten floor-mounted equipment.  Do not install equipment such that it relies on 
its own weight for support. 

G. Secure fasteners according to manufacturer's recommended torque settings. 

H. Remove temporary supports. 

END OF SECTION 
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SECTION 23 05 48  

VIBRATION AND SEISMIC CONTROLS FOR HVAC 

PART 1  GENERAL 

1.01 DEFINITIONS 

A. HVAC Component:  Where referenced in this section in regards to seismic controls, applies to 
any portion of the HVAC system subject to seismic evaluation in accordance with applicable 
codes, including distributed systems (e.g., ductwork, piping). 

B. Seismic Restraint:  Structural members or assemblies of members or manufactured elements 
specifically designed and applied for transmitting seismic forces between components and the 
seismic force-resisting system of the structure. 

1.02 REFERENCE STANDARDS 

A. ASCE 7 - Minimum Design Loads and Associated Criteria for Buildings and Other Structures; 
Most Recent Edition Cited by Referring Code or Reference Standard. 

B. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications; Most Recent Edition Cited by 
Referring Code or Reference Standard. 

C. FEMA 412 - Installing Seismic Restraints for Mechanical Equipment; 2014. 

D. FEMA 413 - Installing Seismic Restraints for Electrical Equipment; 2004. 

E. FEMA 414 - Installing Seismic Restraints for Duct and Pipe; 2004. 

F. FEMA E-74 - Reducing the Risks of Nonstructural Earthquake Damage; 2012. 

G. ICC (IBC) - International Building Code; Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

H. SMACNA (SRM) - Seismic Restraint Manual Guidelines for Mechanical Systems; 2024. 

PART 2  PRODUCTS 

2.01 VIBRATION ISOLATION REQUIREMENTS 

A. Design and provide vibration isolation systems to reduce vibration transmission to supporting 
structure from vibration-producing HVAC equipment and/or HVAC connections to vibration-
isolated equipment. 

B. Comply with applicable general recommendations of ASHRAE (HVACA), where not in conflict 
with other specified requirements: 

C. General Requirements: 

1. Select vibration isolators to provide required static deflection. 

2. Select vibration isolators for uniform deflection based on distributed operating weight of 
actual installed equipment. 

2.02 SEISMIC CONTROL REQUIREMENTS 

A. Design and provide HVAC component restraints, supports, and attachments suitable for 
seismic loads determined in accordance with applicable codes, as well as gravity and operating 
loads and other structural design considerations of the installed location.  Consider wind loads 
for outdoor HVAC components. 

B. Seismic Design Criteria:  ICC (IBC). 

C. Component Importance Factor (Ip):  HVAC components to be assigned a component 
importance factor (Ip) of 1.5 unless otherwise indicated. 

D. Seismic Restraints: 
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1. Provide seismic restraints for HVAC components except where exempt according to 
applicable codes and specified seismic design criteria, as approved by authorities having 
jurisdiction. 

2. Comply with applicable general recommendations of the following, where not in conflict 
with applicable codes, seismic design criteria, or other specified requirements: 

a. ASHRAE (HVACA). 

b. FEMA 412. 

c. FEMA 413. 

d. FEMA 414. 

e. FEMA E-74. 

f. SMACNA (SRM). 

3. Seismic restraint capacities to be verified by a Nationally Recognized Testing Laboratory 
(NRTL) or certified by an independent third-party registered professional engineer 
acceptable to authorities having jurisdiction. 

4. Ductwork Applications: 

a. Provide independent support and seismic restraint for in-line components (e.g., fans, 
heat exchangers, humidifiers) having an operating weight greater than 75 pounds. 

b. Positively attach appurtenances (e.g., dampers, louvers, diffusers) with mechanical 
fasteners. 

E. Seismic Attachments: 

1. Attachments to be bolted, welded, or otherwise positively fastened without consideration 
of frictional resistance produced by the effects of gravity. 

2. Post-Installed Concrete and Masonry Anchors:  Evaluated and recognized by ICC 
Evaluation Service, LLC (ICC-ES) or qualified evaluation service acceptable to authorities 
having jurisdiction for compliance with applicable building code, and qualified for seismic 
applications; concrete anchors to be qualified for installation in both cracked and 
uncracked concrete. 

3. Do not use power-actuated fasteners. 

4. Do not use friction clips (devices that rely on mechanically applied friction to resist loads). 
Beam clamps may be used for supporting sustained loads where provided with restraining 
straps. 

5. Comply with anchor minimum embedment, minimum spacing, minimum member 
thickness, and minimum edge distance requirements. 

6. Concrete Housekeeping Pads: 

a. Increase size of pad as required to comply with anchor requirements. 

b. Provide pad reinforcement and doweling to ensure integrity of pad and connection 
and to provide adequate load path from pad to supporting structure. 

F. Seismic Interactions: 

1. Include provisions to prevent seismic impact between HVAC components and other 
structural or nonstructural components. 

2. Include provisions such that failure of a component, either essential or nonessential, does 
not cause the failure of an essential component. 

G. Seismic Relative Displacement Provisions: 

1. Use suitable fittings or flexible connections to accommodate: 

a. Relative displacements at connections between components, including distributed 
systems (e.g., ductwork, piping); do not exceed load limits for equipment utility 
connections. 

b. Relative displacements between component supports attached to dissimilar parts of 
structure that may move differently during an earthquake. 

c. Design displacements at seismic separations. 
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d. Anticipated drifts between floors. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES) 
evaluation report conditions of use where applicable. 

C. Secure fasteners according to manufacturer's recommended torque settings. 

D. Install flexible piping connections to provide sufficient slack for vibration isolation and/or seismic 
relative displacements as indicated or as required. 

E. Vibration Isolation Systems: 

1. Clean debris from beneath vibration-isolated equipment that could cause short-circuiting 
of isolation. 

2. Use elastomeric grommets for attachments where required to prevent short-circuiting of 
isolation. 

3. Adjust isolators to be free of isolation short circuits during normal operation. 

4. Do not overtighten fasteners such that resilient material isolator pads are compressed 
beyond manufacturer's maximum recommended deflection. 

F. Seismic Controls: 

1. Provide specified snubbing element air gap; remove any factory-installed spacers, debris, 
or other obstructions. 

2. Use only specified components, anchorage, and hardware evaluated by seismic design. 
Comply with conditions of seismic certification where applicable. 

3. Where mounting hole diameter exceeds bolt diameter by more than 0.125 inch, use epoxy 
grout, elastomeric grommet, or welded washer to reduce clearance to 0.125 inch or less. 

4. Equipment with Sheet Metal Housings: 

a. Use Belleville washers to distribute stress over a larger surface area of the sheet 
metal connection interface as approved by manufacturer. 

b. Attach additional steel as approved by manufacturer where required to transfer loads 
to structure. 

c. Where mounting surface is irregular, do not shim housing; reinforce housing with 
additional steel as approved by manufacturer. 

5. Concrete Housekeeping Pads: 

a. Size in accordance with seismic design to meet anchor requirements. 

b. Install pad reinforcement and doweling in accordance with seismic design to ensure 
integrity of pad and associated connection to slab. 

3.02 FIELD QUALITY CONTROL 

A. See Section 01 40 00 - Quality Requirements, for additional requirements. 

B. Inspect vibration isolation and/or seismic control components for damage and defects. 

C. Vibration Isolation Systems: 

1. Verify isolator static deflections. 

2. Verify vibration isolation performance during normal operation; investigate sources of 
isolation short circuits. 

D. Seismic Controls: 

1. Verify snubbing element air gaps. 
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E. Correct deficiencies and replace damaged or defective vibration isolation and/or seismic control 
components. 

END OF SECTION 
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SECTION 23 05 53  

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASTM D709 - Standard Specification for Laminated Thermosetting Materials; 2017. 

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures. 

B. Chart and Schedule:  Submit valve chart and schedule, including valve tag number, location, 
function, and valve manufacturer's name and model number. 

PART 2  PRODUCTS 

2.01 IDENTIFICATION APPLICATIONS 

A. Air Handling Units:  Nameplates. 

B. Air Terminal Units:  Tags. 

C. Automatic Controls:  Tags.  Key to control schematic. 

D. Control Panels:  Nameplates. 

E. Dampers:  Ceiling tacks, where located above lay-in ceiling. 

F. Ductwork:  Nameplates. 

G. Heat Transfer Equipment:  Nameplates. 

H. Instrumentation:  Tags. 

I. Major Control Components:  Nameplates. 

J. Piping:  Tags. 

K. Pumps:  Nameplates. 

L. Small-sized Equipment:  Tags. 

M. Tanks:  Nameplates. 

N. Valves: Tags and ceiling tacks where located above lay-in ceiling. 

2.02 NAMEPLATES 

A. Letter Color:  White. 

B. Letter Height:  1/4 inch. 

C. Background Color:  Black. 

D. Plastic:  Comply with ASTM D709. 

2.03 TAGS 

A. Plastic Tags:  Laminated three-layer plastic with engraved black letters on light contrasting 
background color.  Tag size minimum 1-1/2 inch diameter. 

B. Metal Tags:  Brass with stamped letters; tag size minimum 1-1/2 inch diameter with smooth 
edges. 

C. Valve Tag Chart:  Typewritten letter size list in anodized aluminum frame. 

2.04 ADHESIVE-BACKED DUCT MARKERS 

A. Material:  High gloss acrylic adhesive-backed vinyl film 0.0032 inch; printed with UV and 
chemical resistant inks. 
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B. Style:  Individual Label. 

C. Color:  Yellow/Black. 

2.05 PIPE COLOR STANDARDS 

A. Following is the color standard for mechanical piping identification: 

1. Chilled Water Supply and Return - Dark Blue 

2. Condenser / Tower Water Supply and Return - Light Blue 

3. Heating Hot Water Supply and Return – Orange 

4. Natural Gas – Yellow 

2.06 STENCILS 

A. Stencils:  With clean cut symbols and letters of following size: 

1. 3/4 to 1-1/4 inch Outside Diameter of Insulation or Pipe:  8 inch long color field, 1/2 inch 
high letters. 

2. 2-1/2 to 6 inch Outside Diameter of Insulation or Pipe:  12 inch long color field, 1-1/4 inch 
high letters. 

3. 8 to 10 inch Outside Diameter of Insulation or Pipe:  24 inch long color field, 2-1/2 inch 
high letters. 

4. Over 10 inch Outside Diameter of Insulation or Pipe:  32 inch long color field, 3-1/2 inch 
high letters. 

2.07 CEILING TACKS 

A. Description:  Steel with 3/4 inch diameter color coded head. 

B. Color code as follows: 

1. HVAC Equipment:  Yellow. 

2. Fire Dampers and Smoke Dampers:  Red. 

3. Heating/Cooling Valves:  Blue. 

PART 3  EXECUTION 

3.01 INSTALLATION 

END OF SECTION 
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SECTION 23 05 93  

TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASHRAE Std 111 - Measurement, Testing, Adjusting, and Balancing of Building HVAC 
Systems; 2024. 

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures. 

B. TAB Plan:  Submit a written plan indicating the testing, adjusting, and balancing standard to be 
followed and the specific approach for each system and component. 

1. Include at least the following in the plan: 

a. List of all air flow, water flow, sound level, system capacity and efficiency 
measurements to be performed and a description of specific test procedures, 
parameters, formulas to be used. 

b. Copy of field checkout sheets and logs to be used, listing each piece of equipment to 
be tested, adjusted and balanced with the data cells to be gathered for each. 

c. Discussion of what notations and markings will be made on the duct and piping 
drawings during the process. 

d. Final test report forms to be used. 

e. Procedures for formal deficiency reports, including scope, frequency and distribution. 

C. Final Report:  Indicate deficiencies in systems that would prevent proper testing, adjusting, and 
balancing of systems and equipment to achieve specified performance. 

1. Revise TAB plan to reflect actual procedures and submit as part of final report. 

2. Submit draft copies of report for review prior to final acceptance of Project.  Provide final 
copies for Engineer and for inclusion in operating and maintenance manuals. 

3. Include actual instrument list, with manufacturer name, serial number, and date of 
calibration. 

4. Form of Test Reports:  Where the TAB standard being followed recommends a report 
format use that; otherwise, follow ASHRAE Std 111. 

5. Units of Measure:  Report data in both I-P (inch-pound) and SI (metric) units. 

PART 2  PRODUCTS - NOT USED 

PART 3  EXECUTION 

3.01 GENERAL REQUIREMENTS 

A. Perform total system balance in accordance with one of the following: 

B. Begin work after completion of systems to be tested, adjusted, or balanced and complete work 
prior to Final Acceptance of the project. 

C. TAB Agency Qualifications: 

1. Company specializing in the testing, adjusting, and balancing of systems specified in this 
section. 

3.02 ADJUSTMENT TOLERANCES 

A. Air Handling Systems:  Adjust to within plus or minus 5 percent of design for supply systems 
and plus or minus 10 percent of design for return and exhaust systems. 

B. Air Outlets and Inlets:  Adjust total to within plus 10 percent and minus 5 percent of design to 
space.  Adjust outlets and inlets in space to within plus or minus 10 percent of design. 

C. Hydronic Systems:  Adjust to within plus or minus 10 percent of design. 
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3.03 RECORDING AND ADJUSTING 

A. Ensure recorded data represents actual measured or observed conditions. 

B. Permanently mark settings of valves, dampers, and other adjustment devices allowing settings 
to be restored.  Set and lock memory stops. 

C. After adjustment, take measurements to verify balance has not been disrupted or that such 
disruption has been rectified. 

D. Leave systems in proper working order, replacing belt guards, closing access doors, closing 
doors to electrical switch boxes, and restoring thermostats to specified settings. 

END OF SECTION 
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SECTION 23 07 13  

DUCT INSULATION 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASTM B209/B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and 
Plate; 2021a. 

B. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular Form; 2023. 

C. ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for 
Commercial and Industrial Applications; 2013 (Reapproved 2019). 

D. ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation; 
2014 (Reapproved 2019). 

E. ASTM D5590 - Standard Test Method for Determining the Resistance of Paint Films and 
Related Coatings to Fungal Defacement by Accelerated Four-Week Agar Plate Assay; 2017 
(Reapproved 2021). 

F. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 
2017. 

G. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2016. 

H. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current 
Edition, Including All Revisions. 

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures. 

1.03 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing products of the type 
specified in this section with not less than three years of documented experience. 

PART 2  PRODUCTS 

2.01 REGULATORY REQUIREMENTS 

A. Surface Burning Characteristics:  Flame spread index/Smoke developed index of 25/50, 
maximum, when tested in accordance with ASTM E84 or UL 723. 

2.02 GLASS FIBER, FLEXIBLE 

A. Manufacturer: 

B. Insulation:  ASTM C553; flexible, noncombustible blanket. 

2.03 GLASS FIBER, RIGID 

A. Insulation:  ASTM C612; rigid, noncombustible. 

2.04 FLEXIBLE ELASTOMERIC CELLULAR INSULATION 

A. Insulation:  Preformed flexible elastomeric cellular rubber insulation complying with ASTM 
C534/C534M Grade 1, in sheet form. 

1. Minimum Service Temperature:  Minus 40 degrees F. 

2. Maximum Service Temperature:  180 degrees F. 

3. Connection:  Waterproof vapor barrier adhesive. 

B. Weather Barrier Coating:  Air dried, contact adhesive, compatible with insulation and ASTM 
E84 compliant. 
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2.05 FLEXIBLE REMOVABLE AND REUSABLE BLANKET INSULATION 

A. Description:  Custom cut and fabricated, removable and reusable blanket insulation system, 
consisting of inner liner, insulation layer, outer protective jacket, and fastening system. 

B. Provide insulation system based on surface temperature of piping, installed location of piping, 
and maximum safe-to-touch temperature of jacketing. 

C. Performance Criteria: 

1. Safe-to-Touch Temperature of Jacketing:  140 degrees F. 

2.06 WEATHER BARRIER COATINGS 

A. Weather-Resistive Barrier Coating:  Fire-resistive, UV resistant, water-based mastic for use 
over closed cell polyethylene and polyurethane foam insulation; applied with glass fiber or 
synthetic reinforcing mesh. 

1. Surface Burning Characteristics:  Flame spread index of 25 or less, smoke developed 
index of 450 or less, Class A, when tested in accordance with ASTM E84. 

2. Water Vapor Permeance:  Greater than 1.0 perm in accordance with ASTM E96/E96M. 

3. Resistance to Fungal Growth:  No growth when tested in accordance with ASTM D5590. 

4. Color:  As selected by Architect. 

2.07 JACKETING AND ACCESSORIES 

A. Aluminum Jacket: 

1. Comply with ASTM B209/B209M, Temper H14, minimum thickness of 0.016 inch with 
factory-applied polyethylene and kraft paper moisture barrier on the inside surface. 

B. Flexible Weather-Proofing Outdoor Jacket:  Self-healing, field-applied outdoor cladding. 

2.08 DUCT LINER 

A. Note:  Choose the liner type - Elastomeric Foam, Glass Fiber, or Phenolic Foam. 

B. Elastomeric Foam Insulation:  Preformed flexible elastomeric cellular rubber insulation 
complying with ASTM C534/C534M Grade 1, in sheet form. 

1. Minimum Service Temperature:  Minus 40 degrees F. 

2. Maximum Service Temperature:  180 degrees F. 

3. Connection:  Waterproof vapor barrier adhesive. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Test ductwork for design pressure prior to applying insulation materials. 

B. Verify that surfaces are clean, foreign material removed, and dry. 

3.02 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

END OF SECTION 
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SECTION 23 07 16  

HVAC EQUIPMENT INSULATION 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal 
Transmission Properties by Means of the Guarded-Hot-Plate Apparatus; 2019. 

B. ASTM C449 - Standard Specification for Mineral Fiber Hydraulic-Setting Thermal Insulating and 
Finishing Cement; 2007 (Reapproved 2019). 

C. ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by 
Means of the Heat Flow Meter Apparatus; 2017. 

D. ASTM C533 - Standard Specification for Calcium Silicate Block and Pipe Thermal Insulation; 
2017 (Reapproved 2023). 

E. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular Form; 2023. 

F. ASTM C552 - Standard Specification for Cellular Glass Thermal Insulation; 2022. 

G. ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for 
Commercial and Industrial Applications; 2013 (Reapproved 2019). 

H. ASTM C592 - Standard Specification for Mineral Fiber Blanket Insulation and Blanket-Type 
Pipe Insulation (Metal-Mesh Covered) (Industrial Type); 2022a. 

I. ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation; 
2014 (Reapproved 2019). 

J. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 
2017. 

K. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current 
Edition, Including All Revisions. 

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures. 

PART 2  PRODUCTS 

2.01 REGULATORY REQUIREMENTS 

A. Surface Burning Characteristics:  Flame spread index/Smoke developed index of 25/50, 
maximum, when tested in accordance with ASTM E84 or UL 723. 

2.02 GLASS FIBER, FLEXIBLE 

A. Insulation:  ASTM C553; flexible, noncombustible. 

2.03 GLASS FIBER, RIGID 

A. Insulation:  ASTM C612 or ASTM C592; rigid, noncombustible. 

2.04 CELLULAR GLASS 

A. Block Insulation:  ASTM C552, Type I, Grade 6. 

2.05 HYDROUS CALCIUM SILICATE 

A. Insulation:  ASTM C533; rigid molded, asbestos free, gold color. 

1. K Value:  0.40 at 300 degrees F, when tested in accordance with ASTM C177 or ASTM 
C518. 

2. Maximum Service Temperature:  1,200 degrees F. 

3. Density:  15 pcf. 
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B. Tie Wire:  0.048 inches stainless steel with twisted ends on maximum 12 inch centers. 

C. Insulating Cement:  ASTM C449. 

2.06 FLEXIBLE ELASTOMERIC CELLULAR INSULATION 

A. Insulation:  Preformed flexible elastomeric cellular rubber insulation complying with ASTM 
C534/C534M Grade 1, in sheet form. 

1. Minimum Service Temperature:  Minus 40 degrees F. 

2. Maximum Service Temperature:  220 degrees F. 

3. Connection:  Waterproof vapor barrier adhesive. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Cover glass fiber insulation with metal mesh and finish with heavy coat of insulating cement. 

END OF SECTION 
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SECTION 23 07 19  

HVAC PIPING INSULATION 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular Form; 2023. 

B. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 
2017. 

C. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current 
Edition, Including All Revisions. 

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures. 

PART 2  PRODUCTS 

2.01 REGULATORY REQUIREMENTS 

A. Surface Burning Characteristics:  Flame spread index/Smoke developed index of 25/50, 
maximum, when tested in accordance with ASTM E84 or UL 723. 

2.02 FLEXIBLE ELASTOMERIC CELLULAR INSULATION 

A. Insulation:  Preformed flexible elastomeric cellular rubber insulation complying with ASTM 
C534/C534M Grade 1; use molded tubular material wherever possible. 

1. Minimum Service Temperature:  Minus 40 degrees F. 

2. Maximum Service Temperature:  180 degrees F. 

3. Connection:  Waterproof vapor barrier adhesive. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

END OF SECTION
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SECTION 23 08 00  

COMMISSIONING OF HVAC 

PART 1  GENERAL 

1.01 SUMMARY 

A. See Section 01 91 13 - General Commissioning Requirements for overall objectives; comply 
with the requirements of Section 01 91 13. 

B. This section covers the Contractor's responsibilities for commissioning; each subcontractor or 
installer responsible for the installation of a particular system or equipment item to be 
commissioned is responsible for the commissioning activities relating to that system or 
equipment item. 

C. The Commissioning Provider (CxP) directs and coordinates all commissioning activities and 
provides Prefunctional Checklists and Functional Test Procedures for Contractor's use. 

D. The entire HVAC system is to be commissioned, including commissioning activities for the 
following specific items: 

1. Control system. 

2. Major and minor equipment items. 

3. Terminal units. 

4. Other equipment and systems explicitly identified elsewhere in Contract Documents as 
requiring commissioning. 

E. The Prefunctional Checklist and Functional Test requirements specified in this section are in 
addition to, not a substitute for, inspection or testing specified in other sections. 

1.02 REFERENCE STANDARDS 

A. ASHRAE Guideline 1.1 - Application of the Commissioning Process to New HVAC&R Systems; 
2025. 

1.03 SUBMITTALS 

A. Updated Submittals:  Keep Commisioning Provider (CxP) informed of all changes to control 
system documentation made during programming and setup; revise and resubmit when 
substantial changes are made. 

B. Startup Reports, Prefunctional Checklists, and Trend Logs:  Submit for approval of 
Commissioning Provider. 

C. HVAC Control System O&M Manual Requirements.  In addition to documentation specified 
elsewhere, compile and organize at minimum the following data on the control system: 

1. Specific step-by-step instructions on how to perform and apply all functions, features, 
modes, etc. mentioned in the controls training sections of this specification and other 
features of this system.  Provide an index and clear table of contents.  Include the detailed 
technical manual for programming and customizing control loops and algorithms. 

2. Full as-built set of control drawings. 

3. Full as-built sequence of operations for each piece of equipment. 

4. Full points list; in addition to the information on the original points list submittal, include a 
listing of all rooms with the following information for each room: 

a. Floor. 

b. Room number. 

c. Room name. 

d. Air handler unit ID. 

e. Reference drawing number. 

f. Air terminal unit tag ID. 

g. Heating and/or cooling valve tag ID. 
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h. Minimum air flow rate. 

i. Maximum air flow rate. 

5. Full print out of all schedules and set points after testing and acceptance of the system. 

6. Full as-built print out of software program. 

7. Electronic copy on disk of the entire program for this facility. 

8. Marking of all system sensors and thermostats on the as-built floor plan and HVAC 
drawings with their control system designations. 

9. Maintenance instructions, including sensor calibration requirements and methods by 
sensor type, etc. 

10. Control equipment component submittals, parts lists, etc. 

11. Warranty requirements. 

12. Copies of all checkout tests and calibrations performed by the Contractor (not 
commissioning tests). 

13. Organize and subdivide the manual with permanently labeled tabs for each of the 
following data in the given order: 

a. Sequences of operation. 

b. Control drawings. 

c. Points lists. 

d. Controller and/or module data. 

e. Thermostats and timers. 

f. Sensors and DP switches. 

g. Valves and valve actuators. 

h. Dampers and damper actuators. 

i. Program setups (software program printouts). 

D. Project Record Documents:  See Section 01 78 00 for additional requirements. 

1. Submit updated version of control system documentation, for inclusion with operation and 
maintenance data. 

2. Show actual locations of all static and differential pressure sensors (air, water and building 
pressure) and air-flow stations on project record drawings. 

E. Draft Training Plan:  In addition to requirements specified in Section 01 79 00, include: 

1. Follow the recommendations of ASHRAE Guideline 1.1. 

2. Control system manufacturer's recommended training. 

3. Demonstration and instruction on function and overrides of any local packaged controls 
not controlled by the HVAC control system. 

F. Training Manuals:  See Section 01 79 00 for additional requirements. 

1. Provide three extra copies of the controls training manuals in a separate manual from the 
O&M manuals. 

PART 2  PRODUCTS 

2.01 TEST EQUIPMENT 

A. Provide all standard testing equipment required to perform startup and initial checkout and 
required functional performance testing; unless otherwise noted such testing equipment will 
NOT become the property of Owner. 

B. Equipment-Specific Tools:  Where special testing equipment, tools and instruments are specific 
to a piece of equipment, are only available from the vendor, and are required in order to 
accomplish startup or Functional Testing, provide such equipment, tools, and instruments as 
part of the work at no extra cost to Owner; such equipment, tools, and instruments are to 
become the property of Owner. 
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PART 3  EXECUTION 

3.01 PREPARATION 

A. Cooperate with CxP in development of the Prefunctional Checklists and Functional Test 
Procedures. 

B. Furnish additional information requested by CxP. 

C. Prepare a preliminary schedule for HVAC pipe and duct system testing, flushing and cleaning, 
equipment start-up and testing, adjusting, and balancing start and completion for use by CxP; 
update the schedule as appropriate. 

D. Notify CxP when pipe and duct system testing, flushing, cleaning, startup of each piece of 
equipment and testing, adjusting, and balancing will occur; when commissioning activities not 
yet performed or not yet scheduled will delay construction, notify ahead of time and be 
proactive in seeing that CxP has the scheduling information needed to efficiently execute the 
commissioning process. 

E. Put all HVAC equipment and systems into operation and continue operation during each 
working day of testing, adjusting, and balancing and commissioning, as required. 

F. Provide test holes in ducts and plenums where directed to allow air measurements and air 
balancing; close with an approved plug. 

G. Provide temperature and pressure taps in accordance with Contract Documents. 

3.02 INSPECTING AND TESTING - GENERAL 

A. Submit startup plans, startup reports, and Prefunctional Checklists for each item of equipment 
or other assembly to be commissioned. 

B. Perform the Functional Tests directed by CxP for each item of equipment or other assembly to 
be commissioned. 

C. Provide two-way radios for use during the testing. 

D. Valve/Damper Stroke Setup and Check: 

1. For all valve/damper actuator positions checked, verify the actual position against the 
control system readout. 

2. Set pump/fan to normal operating mode. 

3. Command valve/damper closed; visually verify that valve/damper is closed and adjust 
output zero signal as required. 

4. Command valve/damper open; verify position is full open and adjust output signal as 
required. 

5. Command valve/damper to a few intermediate positions.   

6. If actual valve/damper position does not reasonably correspond, replace actuator or add 
pilot positioner (for pneumatics). 

E. Isolation Valve or System Valve Leak Check:  For valves not by coils. 

1. With full pressure in the system, command valve closed. 

2. Use an ultra-sonic flow meter to detect flow or leakage. 

F. Deficiencies:  Correct deficiencies and re-inspect or re-test, as applicable, at no extra cost to 
Owner. 

3.03 TAB COORDINATION 

A. TAB:  Testing, adjusting, and balancing of HVAC. 

B. Coordinate commissioning schedule with TAB schedule. 

C. Review the TAB plan to determine the capabilities of the control system toward completing 
TAB. 
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D. Provide all necessary unique instruments and instruct the TAB technicians in their use; such as 
handheld control system interface for setting terminal unit boxes, etc. 

E. Have all required Prefunctional Checklists, calibrations, startup, and component Functional 
Tests of the system completed and approved by CxP prior to starting TAB. 

F. Provide a qualified control system technician to operate the controls to assist the TAB 
technicians or provide sufficient training for the TAB technicians to operate the system without 
assistance. 

3.04 CONTROL SYSTEM FUNCTIONAL TESTING 

A. Prefunctional Checklists for control system components will require a signed and dated 
certification that all system programming is complete as required to accomplish the 
requirements of Contract Documents and the detailed Sequences of Operation documentation 
submittal. 

B. Do not start Functional Testing until all controlled components have themselves been 
successfully Functionally Tested in accordance with Contract Documents. 

C. Using a skilled technician who is familiar with this building, execute the Functional Testing of 
the control system as required by CxP. 

D. Functional Testing of the control system constitutes demonstration and trend logging of control 
points monitored by the control system. 

1. The scope of trend logging is partially specified; trend log up to 50 percent more points 
than specified at no extra cost to Owner. 

2. Perform all trend logging specified in Prefunctional Checklists and Functional Test 
procedures. 

E. Functionally Test integral or stand-alone controls in conjunction with the Functional Tests of the 
equipment they are attached to, including any interlocks with other equipment or systems; 
further testing during control system Functional Test is not required unless specifically indicated 
below. 

F. Demonstrate the following to CxP during testing of controlled equipment; coordinate with 
commissioning of equipment. 

1. Setpoint changing features and functions. 

2. Sensor calibrations. 

G. Demonstrate to CxP: 

1. That all specified functions and features are set up, debugged and fully operable. 

2. That scheduling features are fully functional and setup, including holidays. 

3. That all graphic screens and value readouts are completed. 

4. Correct date and time setting in central computer. 

5. That field panels read the same time as the central computer; sample 10 percent of field 
panels; if any of those fail, sample another 10 percent; if any of those fail test all remaining 
units at no extra cost to Owner. 

6. Functionality of field panels using local operator keypads and local ports (plug-ins) using 
portable computer/keypad; demonstrate 100 percent of panels and 10 percent of ports; if 
any ports fail, sample another 10 percent; if any of those fail, test all remaining units at no 
extra cost to Owner. 

7. Power failure and battery backup and power-up restart functions. 

8. Global commands features. 

9. Security and access codes. 

10. Occupant over-rides (manual, telephone, key, keypad, etc.). 

11. O&M schedules and alarms. 

12. Occupancy sensors and controls. 

13. All control strategies and sequences not tested during controlled equipment testing. 
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H. If the control system, integral control components, or related equipment do not respond to 
changing conditions and parameters appropriately as expected, as specified and according to 
acceptable operating practice, under any of the conditions, sequences, or modes tested, 
correct all systems, equipment, components, and software required at no additional cost to 
Owner. 

3.05 OPERATION AND MAINTENANCE MANUALS 

A. See Section 01 78 00 for additional requirements. 

B. Add design intent documentation furnished by Engineer to manuals prior to submission to 
Owner. 

C. Submit manuals related to items that were commissioned to Commissioning Provider for 
review; make changes recommended by Commissioning Provider. 

D. Commissioning Provider will add commissioning records to manuals after submission to Owner. 

3.06 DEMONSTRATION AND TRAINING 

A. See Section 01 79 00 for additional requirements. 

B. Demonstrate operation and maintenance of HVAC system to Owner' personnel; if during any 
demonstration, the system fails to perform in accordance with the information included in the 
O&M manual, stop demonstration, repair or adjust, and repeat demonstration.  Demonstrations 
may be combined with training sessions if appropriate. 

C. These demonstrations are in addition to, and not a substitute for, Prefunctional Checklists and 
demonstrations to CxP during Functional Testing. 

D. Provide classroom and hands-on training of Owner's designated personnel on operation and 
maintenance of the HVAC system, control system, and all equipment items indicated to be 
commissioned.  Provide the following minimum durations of training: 

E. TAB Review:  Instruct Owner's personnel for minimum ____ hours, after completion of TAB, on 
the following: 

1. Review final TAB report, explaining the layout and meanings of each data type. 

2. Discuss any outstanding deficient items in control, ducting or design that may affect the 
proper delivery of air or water. 

3. Identify and discuss any terminal units, duct runs, diffusers, coils, fans and pumps that are 
close to or are not meeting their design capacity. 

4. Discuss any temporary settings and steps to finalize them for any areas that are not 
finished. 

5. Other salient information that may be useful for facility operations, relative to TAB. 

F. HVAC Control System Training:  Perform training in at least three phases: 

1. Phase 1 - Basic Control System:  Provide minimum of ____ hours of actual training on the 
control system itself.  Upon completion of training, each attendee, using appropriate 
documentation, should be able to perform elementary operations and describe general 
hardware architecture and functionality of the system. 

a. This training may be held on-site or at the manufacturer's facility.   

b. If held off-site, the training may occur prior to final completion of the system 
installation. 

c. For off-site training, Contractor shall pay expenses of up to two attendees. 

2. Phase 2 - Integrating with HVAC Systems:  Provide minimum of ____ hours of on-site, 
hands-on training after completion of Functional Testing.  Include instruction on: 

a. The specific hardware configuration of installed systems in this facility and specific 
instruction for operating the installed system, including interfaces with other systems, 
if any. 
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b. Security levels, alarms, system start-up, shut-down, power outage and restart 
routines, changing setpoints and alarms and other typical changed parameters, 
overrides, freeze protection, manual operation of equipment, optional control 
strategies that can be considered, energy savings strategies and set points that if 
changed will adversely affect energy consumption, energy accounting, procedures for 
obtaining vendor assistance, etc. 

c. Trend logging and monitoring features (values, change of state, totalization, etc.), 
including setting up, executing, downloading, viewing both tabular and graphically 
and printing trends; provide practice in setting up trend logging and monitoring during 
training session. 

d. Every display screen, allowing time for questions. 

e. Point database entry and modifications. 

3. Phase 3 - Post-Occupancy:  Six months after occupancy conduct minimum of ____ hours 
of training.  Tailor training session to questions and topics solicited beforehand from 
Owner.  Also be prepared to address topics brought up and answer questions concerning 
operation of  the system. 

G. Provide the services of manufacturer representatives to assist instructors where necessary. 

H. Provide the services of the HVAC controls instructor at other training sessions, when 
requested, to discuss the interaction of the controls system as it relates to the equipment being 
discussed. 

END OF SECTION 
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SECTION 23 09 13  

INSTRUMENTATION AND CONTROL DEVICES FOR HVAC 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ANSI/FCI 70-2 - Control Valve Seat Leakage; 2021. 

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures. 

1.03 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in 
this section with minimum three years documented experience. 

1.04 WARRANTY 

A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements. 

PART 2  PRODUCTS 

2.01 EQUIPMENT - GENERAL 

A. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories 
Inc., as suitable for the purpose specified and indicated. 

2.02 CONTROL VALVES 

A. Ball Valves and Actuators: 

1. Service:  Use for brine (30 percent glycol), chilled water, hot water, or steam at 15 to 25 
psig (104.4 to 172.4). 

2. Flow Characteristic:  Include 2-way and 3-way diverting operation configured to fail 
normally closed (NC). 

3. Replacements in Kind:  Provide pressure-independent type. 

4. Rangeability:  500 to 1. 

5. ANSI Rating:  Class 150. 

6. Leakage:  Class IV (0.1 percent of rated capacity) per ANSI/FCI 70-2. 

7. Body Size: 

a. Under 2-1/2 inches: 

1) Connection:  NPT. 

2) Materials: 

(a) Body:  Brass. 

(b) Flanges:  Ductile iron. 

(c) Ball:  Chrome-plated brass. 

(d) Stem:  Nickel-plated brass. 

(e) Seat:  Graphite-reinforced PTFE with EPDM O-Ring backing. 

(f) Stem Seal:  EPDM O-Rings. 

(g) Flow Control Disk:  Thermoplastic synthetic-resin. 

b. 2-1/2 inches and Above: 

1) Connection Type:  Flanged. 

2) Materials: 

(a) Body:  Brass. 

(b) Flanges:  Ductile iron. 

(c) Ball:  300 series stainless steel. 

(d) Stem:  300 series stainless steel. 

(e) Seat:  Graphite-reinforced PTFE with EPDM O-Ring backing. 
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(f) Stem Seal:  EPDM O-Rings. 

(g) Flow Control Disk:  Thermoplastic synthetic-resin. 

c. Service Temperature: 

1) Fluid Side:  0 to 284 degrees F liquid or 25 psig steam. 

2) Ambient Side:  From minus 4 to 122 degrees F. 

8. Actuator Requirements: 

a. Assembly:  Factory-mounted. 

b. Input:  0 to 5 VDC configured for proportional control. 

c. Accessories:  Provide with valve position indicator and manual override. 

B. Butterfly Pattern: 

1. Iron body, bronze disc, resilient replaceable seat for service to 180 degrees F wafer or lug 
ends, extended neck. 

2. Hydronic Systems: 

a. Rate for service pressure of 125 psig at 250 degrees F. 

b. Size for 1 psig maximum pressure drop at design flow rate. 

C. Electronic Operators: 

1. Valves shall spring return to normal position as indicated on freeze, fire, or temperature 
protection. 

2. Select operator for full shut off at maximum pump differential pressure. 

2.03 PRESSURE INDEPENDENT VALVES AND ACTUATORS 

A. Manufacturers: 

1. Flow Control Industries Inc model Delta P Valve. (Preferred valve). 

2. Belimo model PICCV. 

3. Honeywell VRN 

B. Size 2 inch and Smaller: 

1. Provide ball style with flow balancing, flow measurement, and shut-off capabilities, 
memory stops, minimum of two metering ports and NPT threaded connections. 

2. Metal construction materials consist of bronze or brass. 

3. Non-metal construction materials consist of Teflon, EPDM, or engineered resin. 

C. Size 2.5 inch and Larger: 

1. Provide ball, globe, or butterfly style with flow balancing, flow measurement, and shut-off 
capabilities, memory stops, minimum of two metering ports and flanged, grooved, or weld 
end connections. 

2. Valve body construction materials consist of cast iron, carbon steel, or ductile iron. 

3. Internal components construction materials consist of brass, aluminum bronze, bronze, 
Teflon, EPDM, NORYL, engineered resin, or __________. 

D. Actuator Requirements: 

1. Assembly:  Factory-mounted. 

2. Input:  0 to 10 VDC configured for proportional control. 

3. Accessories:  Provide with valve position indicator and manual override. 

2.04 DAMPERS 

A. Manufacturers: 

1. TAMCO Series 9000 SW  (Preferred). 

2. Ruskin CD40X2:  www.ruskin.com. 

3. Greenheck ICD-45:  www.greenheck.com. 

4. Substitutions:  See Section 01 60 00 - Product Requirements. 
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2.05 DAMPER OPERATORS 

A. General:  Provide smooth proportional control with sufficient power for air velocities 20 percent 
greater than maximum design velocity and to provide tight seal against maximum system 
pressures.  Provide spring return for two position control and for fail safe operation. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Check and verify location of thermostats with plans and room details before installation.  Locate 
60 inches above floor.  Align with lighting switches and humidistats.  See Section 26 27 26. 

C. Provide conduit and electrical wiring in accordance with Section 26 05 83.  Electrical material 
and installation shall be in accordance with appropriate requirements of Division 26. 

3.02 MAINTENANCE 

A. Provide service and maintenance of control system for one year from Date of Final Acceptance
. 

B. Provide complete service of controls systems, including call backs, and submit written report of 
each service call. 

C. In addition to normal service calls, make minimum of 4 complete normal inspections of 
approximately 8 hours duration to inspect, calibrate, and adjust controls. 

3.03 SCHEDULES 

A. Control Valve Schedule 

B. Control Damper Schedule 

END OF SECTION
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SECTION 23 09 23  

DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. UL (DIR) - Online Certifications Directory; current listings at database.ul.com. 

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures. 

B. Product Data:  Provide data for each system component and software module. 

C. Shop Drawings: 

1. Indicate trunk cable schematic showing programmable control unit locations, and trunk 
data conductors. 

2. List connected data points, including connected control unit and input device. 

3. Indicate system graphics indicating monitored systems, data (connected and calculated) 
point addresses, and operator notations. Provide demonstration digital media containing 
graphics. 

4. Show system configuration with peripheral devices, batteries, power supplies, diagrams, 
modems, and interconnections. 

5. Indicate description and sequence of operation of operating, user, and application 
software. 

D. Manufacturer's Instructions:  Indicate manufacturer's installation instructions for all 
manufactured components. 

E. Project Record Documents:  Record actual locations of control components, including control 
units, thermostats, and sensors. 

1. Revise shop drawings to reflect actual installation and operating sequences. 

2. Include submittals data in final "Record Documents" form. 

F. Operation and Maintenance Data: 

1. Include interconnection wiring diagrams complete field installed systems with identified 
and numbered, system components and devices. 

2. Include keyboard illustrations and step-by-step procedures indexed for each operator 
function. 

3. Include inspection period, cleaning methods, cleaning materials recommended, and 
calibration tolerances. 

G. Warranty:  Submit manufacturer's warranty and ensure forms have been filled out in Owner s 
name and registered with manufacturer. 

1.03 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing products specified in this 
section with minimum three years of documented experience. 

B. Products Requiring Electrical Connection:  Listed and classified by UL (DIR) as suitable for 
purpose specified and indicated. 

1.04 WARRANTY 

A. See Section 01 78 00 - Closeout Submittals for additional warranty requirements. 

B. Provide five year manufacturer's warranty for field programmable micro-processor based units. 
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1.05 PROTECTION OF SOFTWARE RIGHTS 

A. Prior to delivery of software, the Owner and the party providing the software will enter into a 
software license agreement with provisions for the following: 

1. Limiting use of software to equipment provided under these specifications. 

2. Limiting copying. 

3. Preserving confidentiality. 

4. Prohibiting transfer to a third party. 

PART 2  PRODUCTS 

2.01 SYSTEM DESCRIPTION 

A. Campus energy management control system: Two tier architecture 

1. First Tier - Tridium Niagra N4 with Analytics software. 

2. Second Tier - Lon network with LonWorks certified controllers. 

B. Automatic temperature control field monitoring and control system using field programmable 
micro-processor based units. 

C. Base system on distributed system of fully intelligent, stand-alone controllers, operating in a 
multi-tasking, multi-user environment on token passing network, with central and remote 
hardware, software, and interconnecting wire and conduit. 

D. Include computer software and hardware, operator input/output devices, control units, local 
area networks (LAN), sensors, control devices, actuators. 

E. Controls for variable air volume terminals, radiation, reheat coils, unit heaters, fan coils, and the 
like when directly connected to the control units.  Individual terminal unit control is specified in 
Section 23 09 13. 

F. Provide control systems consisting of thermostats, control valves, dampers and operators, 
indicating devices, interface equipment and other apparatus and accessories required to 
operate mechanical systems, and to perform functions specified. 

G. Include installation and calibration, supervision, adjustments, and fine tuning necessary for 
complete and fully operational system. 

2.02 CONTROLLERS 

A. Building Controllers: 

1. General: 

a. Manage global strategies by one or more, independent, standalone, microprocessor 
based controllers. 

b. Provide sufficient memory to support controller's operating system, database, and 
programming requirements. 

c. Share data between networked controllers. 

d. Controller operating system manages input and output communication signals 
allowing distributed controllers to share real and virtual object information and 
allowing for central monitoring and alarms. 

e. Utilize real-time clock for scheduling. 

f. Continuously check processor status and memory circuits for abnormal operation. 

g. Controller to assume predetermined failure mode and generate alarm notification 
upon detection of abnormal operation. 

h. Communication with other network devices to be based on assigned protocol. 

2. Communication: 

a. Controller to reside on a LonWorks network using ANSI/CEA 709.1 (LonTalk) 
protocol. 
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b. Perform routing when connected to a network of custom application and application 
specific controllers. 

c. Provide service communication port for connection to a portable operator's terminal 
or hand held device with compatible protocol. 

3. Anticipated Environmental Ambient Conditions: 

a. Outdoors and/or in Wet Ambient Conditions: 

1) Mount within waterproof enclosures. 

2) Rated for operation at 40 to 150 degrees F. 

b. Conditioned Space: 

1) Mount within dustproof enclosures. 

2) Rated for operation at 32 to 120 degrees F. 

4. Provisions for Serviceability: 

a. Diagnostic LEDs for power, communication, and processor. 

b. Make all wiring connections to field removable, modular terminal strips, or to a 
termination card connected by a ribbon cable. 

5. Memory:  In the event of a power loss, maintain all BIOS and programming information for 
a minimum of 72 hours. 

6. Power and Noise Immunity: 

a. Maintain operation at 90 to 110 percent of nominal voltage rating. 

b. Perform orderly shutdown below 80 percent of nominal voltage. 

c. Operation protected against electrical noise of 5 to 120 Hz and from keyed radios up 
to 5 W. at 3 feet. 

B. Custom Application Controller: 

1. General: 

a. Provide sufficient memory to support controller's operating system, database, and 
programming requirements. 

b. Share data between networked, microprocessor based controllers. 

c. Controller operating system manages input and output communication signals 
allowing distributed controllers to share real and virtual object information and 
allowing for central monitoring and alarms. 

d. Utilize real-time clock for scheduling. 

e. Continuously check processor status and memory circuits for abnormal operation. 

f. Controller to assume predetermined failure mode and generate alarm notification 
upon detection of abnormal operation. 

g. Communication with other network devices to be based on assigned protocol. 

2. Communication: 

a. Controller to reside on a LonWorks network using MS/TP Data Link/Physical layer 
protocol. 

b. Provide service communication port for connection to a portable operator's terminal 
or hand held device with compatible protocol. 

3. Anticipated Environmental Ambient Conditions: 

a. Outdoors and/or in Wet Ambient Conditions: 

1) Mount within waterproof enclosures. 

2) Rated for operation at 40 to 150 degrees F. 

b. Conditioned Space: 

1) Mount within dustproof enclosures. 

2) Rated for operation at 32 to 120 degrees F. 

4. Provisions for Serviceability: 

a. Diagnostic LED's for power, communication, and processor. 
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b. Make all wiring connections to field removable, modular terminal strips, or to a 
termination card connected by a ribbon cable. 

5. Memory:  In the event of a power loss, maintain all BIOS and programming information for 
a minimum of 72 hours. 

6. Power and Noise Immunity: 

a. Maintain operation at 90 to 110 percent of nominal voltage rating. 

b. Perform orderly shutdown below 80 percent of nominal voltage. 

c. Operation protected against electrical noise of 5 to 120 Hz and from keyed radios up 
to 5 W. at 3 feet. 

C. Application Specific Controllers: 

1. General: 

a. Not fully user programmable, microprocessor based controllers dedicated to control 
specific equipment. 

b. Customized for operation within the confines of equipment served. 

c. Communication with other network devices to be based on assigned protocol. 

2. Communication: 

a. Controller to reside on a LonWorks network using ANSI/CEA 709.1 (LonTalk) 
protocol. 

b. Provide service communication port for connection to a portable operator's terminal 
or hand held device with compatible protocol. 

3. Anticipated Environmental Ambient Conditions: 

a. Outdoors and/or in Wet Ambient Conditions: 

1) Mount within waterproof enclosures. 

2) Rated for operation at 40 to 150 degrees F. 

b. Conditioned Space: 

1) Mount within dustproof enclosures. 

2) Rated for operation at 32 to 120 degrees F. 

4. Provisions for Serviceability: 

a. Diagnostic LEDs for power, communication, and processor. 

b. Make all wiring connections to field removable, modular terminal strips, or to a 
termination card connected by a ribbon cable. 

5. Memory:  In the event of a power loss, maintain all BIOS and programming information for 
a minimum of 72 hours. 

6. Power and Noise Immunity: 

a. Maintain operation at 90 to 110 percent of nominal voltage rating. 

b. Perform orderly shutdown below 80 percent of nominal voltage. 

c. Operation protected against electrical noise of 5 to 120 Hz and from keyed radios up 
to 5 W at 3 feet. 

D. Input/Output Interface: 

1. Hardwired inputs and outputs tie into the DDC system through building, custom 
application, or application specific controllers. 

2. All Input/Output Points: 

a. Protect controller from damage resulting from any point short-circuiting or grounding 
and from voltage up to 24 volts of any duration. 

b. Provide universal type for building and custom application controllers where input or 
output is software designated as either binary or analog type with appropriate 
properties. 

3. Binary Inputs: 

a. Allow monitoring of On/Off signals from remote devices. 
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b. Provide wetting current of 12 mA minimum, compatible with commonly available 
control devices and protected against the effects of contact bounce and noise. 

c. Sense dry contact closure with power provided only by the controller. 

4. Pulse Accumulation Input Objects:  Comply with all requirements of binary input objects 
and accept up to 10 pulses per second. 

5. Analog Inputs: 

a. Allow for monitoring of low voltage 0 to 10 VDC, 4 to 20 mA current, or resistance 
signals (thermistor, RTD). 

b. Compatible with and field configurable to commonly available sensing devices. 

6. Binary Outputs: 

a. Used for On/Off operation or a pulsed low-voltage signal for pulse width modulation 
control. 

b. Outputs provided with three position (On/Off/Auto) override switches. 

c. Status lights for building and custom application controllers to be selectable for 
normally open or normally closed operation. 

7. Analog Outputs: 

a. Monitoring signal provides a 0 to 10 VDC or a 4 to 20 mA output signal for end device 
control. 

b. Provide status lights and two position (AUTO/MANUAL) switch for building and 
custom application controllers with manually adjustable potentiometer for manual 
override on building and custom application controllers. 

c. Drift to not exceed 0.4 percent of range per year. 

8. Tri State Outputs: 

a. Coordinate two binary outputs to control three point, floating type, electronic actuators 
without feedback. 

b. Limit the use of three point, floating devices to the following zone and terminal unit 
control applications: 

c. Control algorithms run the zone actuator to one end of its stroke once every 24 hours 
for verification of operator tracking. 

9. System Object Capacity: 

a. System size to be expandable to twice the number of input output objects required by 
providing additional controllers, including associated devices and wiring. 

b. Hardware additions or software revisions for the installed operator interfaces are not 
to be required for future, system expansions. 

2.03 CONTROLLER SOFTWARE 

A. All applications reside and operate in the system controllers and editing of all applications 
occurs at the operator workstation. 

B. System Security: 

1. User access secured via user passwords and user names. 

2. Passwords restrict user to the objects, applications, and system functions as assigned by 
the system manager. 

3. User Log On/Log Off attempts are recorded. 

4. Automatic Log Off occurs following the last keystroke after a user defined delay time. 

C. Object or Object Group Scheduling: 

1. Weekly Schedules Based on Separate, Daily Schedules: 

a. Include start, stop, optimal stop, and night economizer. 

b. 10 events maximum per schedule. 

c. Start/stop times adjustable for each group object. 
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D. Provide standard application for equipment coordination and grouping based on function and 
location to be used for scheduling and other applications. 

E. Alarms: 

1. Binary object is set to alarm based on the operator specified state. 

2. Analog object to have high/low alarm limits. 

3. All alarming is capable of being automatically and manually disabled. 

4. Alarm Reporting: 

a. Operator determines action to be taken for alarm event. 

b. Alarms to be routed to appropriate workstation. 

c. Reporting Options: 

F. Demand Limiting: 

1. Building power consumption monitored from signals generated by a pulse generator, 
mounted at the building power meter. 

2. Demand limit controlled via load shedding or load restoration in a predetermined and 
predictive manner. 

3. Demand Reduction Methods: 

4. Relevant variables that influence demand limiting control are based on the power 
company methodology for computing demand charges. 

5. Operator On-Line Changes Allowed: 

6. Information and Reports available Hourly, Daily, and Monthly: 

G. Maintenance Management:  System monitors equipment status and generates maintenance 
messages based upon user-designated run-time limits. 

H. Sequencing:  Application software based upon specified sequences of operation in Section 23 
09 93. 

I. PID Control Characteristics: 

1. Direct or reverse action. 

2. Anti-windup. 

3. Calculated, time-varying, analog value, positions an output or stages a series of outputs. 

4. User selectable controlled variable, set-point, and PED gains. 

J. Staggered Start Application: 

1. Prevents all controlled equipment from simultaneously restarting after power outage. 

2. Order of equipment startup is user selectable. 

K. Energy Calculations: 

1. Accumulated instantaneous power or flow rates are converted to energy use data. 

2. Algorithm calculates a rolling average and allows window of time to be user specified in 
minute intervals. 

3. Algorithm calculates a fixed window average with a digital input signal from a utility meter 
defining the start of the window period that in turn synchronizes the fixed-window average 
with that used by the power company. 

L. Anti-Short Cycling: 

1. All binary output objects protected from short-cycling. 

2. Allows minimum on-time and off-time to be selected. 

M. On-Off Control with Differential: 

1. Algorithm allows binary output to be cycled based on a controlled variable and set-point. 

2. Algorithm to be direct-acting or reverse-acting incorporating an adjustable differential. 

N. Run-Time Totalization: 

1. Totalize run-times for all binary input objects. 
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2. Provides operator with capability to assign high run-time alarm. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install control units and other hardware in position on permanent walls where not subject to 
excessive vibration. 

B. Install software in control units and in operator work station.  Implement all features of programs 
to specified requirements and appropriate to sequence of operation.  Refer to Section 23 09 93. 

C. Provide conduit and electrical wiring in accordance with Section 26 05 83.  Electrical material 
and installation shall be in accordance with appropriate requirements of Division 26. 

3.02 MAINTENANCE 

A. See Section 01 70 00 - Execution and Closeout Requirements, for additional requirements 
relating to maintenance service. 

B. Provide service and maintenance of energy management and control systems for one years 
from Date of Final Acceptance. 

C. Provide two complete inspections per year, one in each season, to inspect, calibrate, and 
adjust controls as required, and submit written reports. 

D. Provide complete service of systems, including call backs.  Make minimum of 4 complete 
normal inspections of approximately 8 hours duration in addition to normal service calls to 
inspect, calibrate, and adjust controls, and submit written reports. 

END OF SECTION
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SECTION 23 09 34  

VARIABLE-FREQUENCY MOTOR CONTROLLERS FOR HVAC 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. IEC 60529 - Degrees of Protection Provided by Enclosures (IP Code); 2013 (Corrigendum
2019).

B. NEMA EN 10250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2024.

C. NEMA ICS 2 - Industrial Control and Systems Controllers, Contactors and Overload Relays
Rated 600 Volts; 2008 (Reaffirmed 2020).

D. NEMA IA 10030 - Industrial Control and Systems:  Enclosures; 2024.

E. NEMA IS 10033 - Adjustable Speed Drives; 2020 (Reapproved 2025).

F. NEMA IS 10034 - Safety Standards for Construction and Guide for Selection, Installation and
Operation of Adjustable Speed Drive Systems; 2022 (Reapproved 2025).

G. NEMA ICS 7.2 - Application Guide for AC Adjustable Speed Drive Systems; 2021.

H. NEMA ICS 61800-2 - Adjustable Speed Electrical Power Drive Systems, Part 2: General
Requirements-Rating Specifications for Low Voltage Adjustable Frequency AC Power Drive
Systems; 2005.

I. NEMA MG 00001 - Motors and Generators; 2024.

J. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

K. UL 508A - Industrial Control Panels; Current Edition, Including All Revisions.

L. UL 61800-5-1 - Standard for Adjustable Speed Electrical Power Drive Systems - Part 5-1:
Safety Requirements – Electrical, Thermal, and Energy (Ed. 2); Current Edition, Including All
Revisions.

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures.

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. ABB:  www.abb.com/#sle.

B. Danfoss:  www.danfoss.com/#sle.

C. Honeywell:  www.honeywell.com.

2.02 VARIABLE-FREQUENCY MOTOR CONTROLLERS 

A. Provide variable-frequency motor control system consisting of required controller assemblies,
operator interfaces, control power transformers, instrumentation and control wiring, sensors,
accessories, system programming, etc. as necessary for complete operating system.

B. Provide products listed, classified, and labeled as suitable for purpose intended.

C. Controller Assemblies:  Comply with NEMA IS 10033, NEMA IS 10034, and NEMA ICS 61800-
2; list and label as complying with UL 61800-5-1 or UL 508A as applicable.

D. Provide controllers selected for actual installed motors and coupled mechanical loads in
accordance with NEMA ICS 7.2, NEMA MG 00001 Part 30, and recommendations of
manufacturers of both controller and load, where not in conflict with specified requirements;
considerations include, but are not limited to:
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1. Motor type (e.g., induction, reluctance, and permanent magnet); consider NEMA MG 
00001 design letter or inverter duty rating for induction motors. 

2. Motor load type (e.g., constant torque, variable torque, and constant horsepower); 
consider duty cycle, impact loads, and high inertia loads. 

3. Motor nameplate data. 

4. Requirements for speed control range, speed regulation, and braking. 

5. Motor suitability for bypass starting method, where applicable. 

E. Devices on Load Side of Controller:  Suitable for application across full controller output 
frequency range. 

F. Operating Requirements: 

1. Input Voltage Tolerance:  Plus/minus 10 percent of nominal. 

2. Input Frequency Tolerance:  Plus/minus 5 percent of nominal. 

3. Efficiency:  Minimum of 96 percent at full speed and load. 

4. Input Displacement Power Factor:  Minimum of 0.96 throughout speed and load range. 

5. Overload Rating: 

a. Variable Torque Loads:  Minimum of 110 percent of nominal for 60 seconds. 

b. Constant Torque Loads:  Minimum of 150 percent of nominal for 60 seconds. 

G. Power Conversion System:  Microprocessor-based, pulse width modulation type. 

H. Control System: 

1. Provide microprocessor-based control system for automatic control, monitoring, and 
protection of motors.  Include sensors, wiring, and connections necessary for functions 
and status/alarm indications specified. 

2. Provide integral operator interface for controller programming, display of status/alarm 
indications, fault reset, and local control functions including motor run/stop, motor 
forward/reverse selection, motor speed increase/decrease, and local/remote control 
selection. 

3. Control Functions: 

a. Control Method:  Selectable vector and scalar/volts per hertz unless otherwise 
indicated. 

1) Scalar/Volts per Hertz Control:  Provide IR compensation for improved low-
speed torque. 

2) Vector Control:  Provide selectable autotuning function. 

b. Adjustable acceleration and deceleration time; linear and S-curve ramps; selectable 
coast to stop. 

c. Selectable braking control; DC injection or flux braking. 

d. Adjustable minimum/maximum speed limits. 

e. Adjustable pulse width modulation switching carrier frequency. 

f. Adjustable motor slip compensation. 

g. Selectable autorestart after noncritical fault; programmable number of time delay 
between restart attempts. 

4. Status Indications: 

a. Motor run/stop status. 

b. Motor forward/reverse status. 

c. Local/remote control status. 

d. Output voltage. 

e. Output current. 

f. Output frequency. 

g. DC bus voltage. 

h. Motor speed. 
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i. Instantaneous power.

5. Protective Functions/Alarm Indications:

a. Overcurrent.

b. Motor overload.

c. Undervoltage.

d. Overvoltage.

e. Controller overtemperature.

f. Input/output phase loss.

g. Output short circuit protection.

h. Output ground fault protection.

6. Inputs:

a. Digital Input(s):  Three.

b. Analog Input(s):  Two.

7. Outputs:

8. Communications:  Compatible with connected systems.  Provide accessories necessary
for proper interface.

9. Features:

a. Password-protected security access.

b. Event log.

I. Power Conditioning/Filtering:

1. Provide DC link choke or input/line reactor for each controller unless otherwise indicated
or required.

2. Reactor Impedance:  3 percent, unless otherwise indicated or required.

J. Packaged Controllers:  Controllers factory-mounted in separate enclosure with externally
operable disconnect and specified accessories.

1. Disconnects:  Circuit breaker or disconnect switch type.

a. Disconnect Switches:  Fusible type or nonfusible type with separate input fuses.

b. Provide externally operable handle with means for locking in OFF position.  Provide
safety interlock to prevent opening cover with disconnect in ON position with
capability of overriding interlock for testing purposes.

c. Provide auxiliary interlock for disconnection of external control power sources where
applicable.

2. Provide door-mounted remote operator interface.

3. Packaged Controllers with Bypass:  Provide contactors and controls to enable removal of
variable-frequency controller from circuit.

a. Bypass Method:  Manual, unless otherwise indicated.

b. Bypass Configuration:  3-contactor type, with contactors for bypass, drive output, and
drive input.

c. Bypass Motor Starting Method:  Full-voltage (across-the-line) with overload relay,
unless otherwise indicated or required.

d. Overload Relays:  Solid state or bimetallic thermal type.

4. Pilot Devices Required:

a. Furnish local pilot devices for each unit as specified below unless otherwise indicated
on drawings, except where equivalent function is provided by remote operator
interface.

b. Packaged Controllers with Bypass:

1) Bypass Mode Selector Switch:  DRIVE/OFF/BYPASS.

2) Motor Control Selector Switch:  HAND/OFF/AUTO.
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3) Indicating Lights:  For drive/bypass mode status, drive/bypass run status, and 
drive/bypass fault status. 

K. Service Conditions: 

1. Provide controllers and associated components suitable for operation under following 
service conditions without derating: 

a. Altitude:  Less than 3,300 feet. 

b. Ambient Temperature:  Between 32 degrees F and 104 degrees F. 

2. Provide controllers and associated components suitable for operation at indicated ratings 
under service conditions at installed location. 

L. Short Circuit Current Rating: 

1. Provide line/input reactors where specified by manufacturer for required short circuit 
current rating. 

M. Conductor Terminations:  Suitable for use with conductors to be installed. 

N. Enclosures: 

1. Comply with NEMA IA 10030. 

2. NEMA EN 10250 Environment Type or Equivalent IEC 60529 Rating:  Unless otherwise 
indicated, as specified for following installation locations: 

3. Finish:  Manufacturer's standard unless otherwise indicated. 

4. Cooling:  Forced air or natural convection as determined by manufacturer. 

2.03 OVERCURRENT PROTECTIVE DEVICES 

A. Overload Relays: 

1. Provide overload relays and, where applicable, associated current elements/heaters 
selected for actual installed motor nameplate data, in accordance with manufacturer's 
recommendations and NFPA 70; include consideration for motor service factor and 
ambient temperature correction, where applicable. 

2. Comply with NEMA ICS 2. 

3. Inverse-Time Trip Class Rating:  Class 20 unless otherwise indicated or required. 

4. Trip-free operation. 

5. Visible trip indication. 

6. Resettable: 

a. Employ manual reset unless otherwise indicated. 

b. Do not employ automatic reset with two-wire control. 

7. Bimetallic Thermal Overload Relays: 

a. Interchangeable current elements/heaters. 

b. Adjustable trip; plus/minus 10 percent of nominal, minimum. 

c. Trip test function. 

8. Solid State Overload Relays: 

a. Adjustable full load current. 

b. Phase loss protection. 

c. Phase imbalance protection. 

d. Ambient temperature insensitive. 

e. Thermal memory. 

f. Trip test function. 

g. Provide isolated alarm contact. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 
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B. Install in accordance with NEMA IS 10034 and manufacturer's instructions. 

C. Do not exceed manufacturer's recommended maximum cable length between controller and 
motor. 

D. Arrange equipment to provide minimum clearances in accordance with manufacturer's 
instructions and NFPA 70. 

E. Provide required support and attachment in accordance with Section 23 05 29. 

F. Install controllers plumb and level. 

G. Provide grounding and bonding in accordance with Section 26 05 26. 

H. Install field-installed devices, components, and accessories. 

I. Where accessories are not self-powered, provide control power source as indicated or as 
required to complete installation. 

J. Set field-adjustable settings of controllers and associated components according to installed 
motor requirements, in accordance with recommendations of manufacturers of controller and 
load. 

END OF SECTION
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SECTION 23 21 13  

HYDRONIC PIPING 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASME B16.5 - Pipe Flanges and Flanged Fittings:  NPS 1/2 Through NPS 24 Metric/Inch
Standard; 2025.

B. ASME B31.9 - Building Services Piping; 2020.

C. ASTM D2774 - Standard Practice for Underground Installation of Thermoplastic Pressure
Piping; 2021a.

D. ASTM F1960 - Standard Specification for Cold Expansion Fittings with PEX Reinforcing Rings
for Use with Cross-linked Polyethylene (PEX) and Polyethylene of Raised Temperature (PE-
RT) Tubing; 2021.

E. ASTM F1476 - Standard Specification for Performance of Gasketed Mechanical Couplings for
Use in Piping Applications; 2007 (Reapproved 2024).

F. ASTM F2389 - Standard Specification for Pressure-Rated Polypropylene (PP) Piping Systems;
2023.

G. AWWA C606 - Grooved and Shouldered Joints; 2015.

H. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection,
Application, and Installation; 2018 (Amendent 2019).

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures.

PART 2  PRODUCTS 

2.01 HYDRONIC SYSTEM REQUIREMENTS 

A. Comply with ASME B31.9 and applicable federal, state, and local regulations.

B. Piping:  Provide piping, fittings, hangers, and supports as required, as indicated, and as follows:

1. Where more than one piping system material is specified, provide joining fittings that are
compatible with piping materials and ensure that the integrity of the system is not
jeopardized.

2. Use non-conducting dielectric connections whenever jointing dissimilar metals.

3. Grooved mechanical joints may be used in accessible locations only.

a. Accessible locations include those exposed on interior of building, in pipe chases,
and in mechanical rooms, aboveground outdoors, and as approved by Engineer.

b. Use rigid joints unless otherwise indicated.

4. Provide pipe hangers and supports in accordance with ASME B31.9 or MSS SP-58 unless
indicated otherwise.

C. Pipe-to-Valve and Pipe-to-Equipment Connections:  Use flanges, unions, or grooved couplings
to allow disconnection of components for servicing; do not use direct welded, soldered, or
threaded connections.

D. Valves:  Provide valves where indicated:

2.02 CONDENSER WATER PIPING, BURIED 

2.03 HEAT PUMP & CONDENSER WATER PIPING, ABOVE GRADE 

A. Pressure-Rated Polypropylene Pipe:  ASTM D2774 or ASTM F2389, PP-RCT resin pipe with
fiber layer, SDR 17.6 or SDR 11.

1. Fittings:  ASTM F2389, butt, socket, or saddle-weld heat fusion.  Transitions to comply
with ASTM F1960 or ASME B16.5.
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2. Manufacturers: 

a. Aquatherm Blue:  www.aquatherm.com (Preferred). 

b. Interplast:  https://www.interplast.gr. 

c. Nuoi Americas:  https://www.nupiamericas.com/. 

d. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.04 PIPE HANGERS AND SUPPORTS 

A. Provide hangers and supports that comply with MSS SP-58. 

1. If type of hanger or support for a particular situation is not indicated, select appropriate 
type using MSS SP-58 recommendations. 

B. In grooved installations, use rigid couplings with offsetting angle-pattern bolt pads or with 
wedge-shaped grooves in header piping to permit support and hanging in accordance with 
ASME B31.9. 

2.05 UNIONS, FLANGES, MECHANICAL COUPLINGS, AND DIELECTRIC CONNECTIONS 

A. Unions for Pipe of 2 Inches and Less: 

B. Flanges for Pipe 2 Inches and Greater: 

C. Mechanical Couplings for Grooved and Shouldered Joints:  Two or more curved housing 
segments with continuous key to engage pipe groove, circular C-profile gasket, and bolts to 
secure and compress gasket. 

1. Dimensions and Testing:  In accordance with AWWA C606. 

2. Mechanical Couplings: Comply with ASTM F1476. 

3. Bolts and Nuts:  Hot dipped galvanized or zinc-electroplated steel. 

4. When pipe is field grooved, provide coupling manufacturer's grooving tools. 

END OF SECTION 
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SECTION 23 21 14  

HYDRONIC SPECIALTIES 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASME B16.5 - Pipe Flanges and Flanged Fittings:  NPS 1/2 Through NPS 24 Metric/Inch
Standard; 2025.

B. ASME BPVC-VIII-1 - Boiler and Pressure Vessel Code, Section VIII, Division 1: Rules for
Construction of Pressure Vessels; 2025, with Errata .

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures.

PART 2  PRODUCTS 

2.01 EXPANSION TANKS 

A. Construction:  Welded steel, tested and stamped in accordance with ASME BPVC-VIII-1;
supplied with National Board Form U-1, adjustable flexible EPDM diaphragm or bladder seal
factory precharged to 12 psi, and steel support stand.

B. Automatic Cold Water Fill Assembly:  Pressure reducing valve, reduced pressure double check
backflow preventer, test cocks, strainer, vacuum breaker, and valved by-pass.

2.02 AIR VENTS 

A. Manual Air Vent:  Short vertical sections of 2-inch diameter pipe to form air chamber, with 1/8
inch brass needle valve at top of chamber.

B. Maximum Fluid Pressure:  150 psi.

C. Maximum Fluid Temperature:  250 degrees F.

2.03 AIR SEPARATORS 

A. In-line Air Separators:

1. Cast iron for sizes 1-1/2 inch and smaller, or steel for sizes 2 inch and larger; tested and
stamped in accordance with ASME BPVC-VIII-1; for 125 psi operating pressure.

2. Maximum Allowable Service Temperature:  450 degrees F.

B. Centrifugal Air Separators/Strainers:

1. Primed steel body, tested and stamped in accordance with ASME BPVC-VIII-1 with
integral bronze strainer, tangential flanged inlet and outlet connections, and internal
stainless steel air collector tube.

2. Maximum Service Flow and Pressure:  16 gpm at 125 psi.

2.04 STRAINERS 

A. Size 2 inch and Under:

1. Provide threaded, grooved, or sweat brass or iron body for up to 175 psi working
pressure, Y-pattern strainer with 1/32 inch stainless steel perforated screen.

B. Size 2-1/2 inch to 4 inch:

1. Provide flanged or grooved iron body for up to 175 psi working pressure, up to 250
degrees F working temperature, Y-pattern strainer with 1/16 inch or 3/64 inch stainless
steel perforated screen.

C. Size 5 inch and Larger:

1. Provide flanged or grooved iron body for up to 175 psi working pressure, basket pattern
with 1/8 inch stainless steel perforated screen.

D. Basket-Type, Size 1 to 30 inch for Liquid Service:
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1. Flanged carbon steel body with 1/8 inch stainless steel perforated basket screen, bottom 
drain and capped air vent. 

2. Fluid Service:  Up to 285 psi at 100 degrees F. 

2.05 MAGNETIC FILTERS 

A. Description:  ASME BPVC-VIII-1 compliant, packaged oxide filtration assembly configured to 
remove dissolved ferrous metals from hydronic systems. 

B. In-line Filter Assembly: 

1. Magnetic belt surrounded by stainless steel vessel and nonferrous casing. 

2. Provide filter assembly with automatic air vent and EPDM flange gaskets. 

3. Flange Connections:  2 inches, ASME B16.5 Class 150. 

2.06 SUCTION DIFFUSERS 

A. Fitting:  Angle pattern, cast-iron body, threaded for 2 inch and smaller, flanged for 2-1/2 inch 
and larger, rated for 175 psi working pressure, with inlet vanes, cylinder strainer with 3/16 inch 
diameter openings, disposable 5/32 inch mesh strainer to fit over cylinder strainer, 20 mesh 
startup screen, and permanent magnet located in flow stream and removable for cleaning. 

B. Class 125: 

1. Horizontally or vertically mounted angle-pattern fitting with integral-cast vanes, fine particle 
mesh screen and magnetic drain plugs for particle removal without disassembly. 

2. Maximum Operating Service:  175 psi and 300 degrees F. 

3. Sizes, Material, and Connection: 

2.07 PUMP CONNECTORS 

A. Flexible Connectors:  Flanged, braided type with wetted components of stainless steel, sized to 
match piping. 

1. Maximum Operating Service:  150 psi at 120 degrees F. 

2. Accommodate the Following: 

a. Axial Deflection in Compression and Expansion:  _____ inch. 

b. Lateral Movement:  _____ inch. 

c. Angular Rotation:  15 degrees. 

d. Force developed by 1.5 times specified maximum allowable operating pressure. 

3. End Connections:  Same as specified for pipe jointing. 

4. Provide necessary accessories including, but not limited to, swivel joints. 

2.08 PRESSURE-TEMPERATURE TEST PLUGS 

A. Construction:  Brass body designed to receive temperature or pressure probe with removable 
protective cap, and Neoprene rated for minimum 200 degrees F. 

B. Application:  Use extended length plugs to clear insulated piping. 

2.09 BALANCING VALVES 

A. Size 2 inch and Smaller: 

1. Provide ball or globe style with flow balancing, shut-off capabilities, memory stops, and 
minimum of two metering ports and female sweat, NPT threaded, press, or soldered 
connections. 

2. Metal construction materials consist of bronze, brass, or ______. 

3. Non-metal construction materials consist of Teflon, EPDM, engineered resin, or 
__________. 

B. Size 2-1/2 inch and Larger: 

1. Provide ball, globe, or butterfly style with flow balancing, shut-off capabilities, memory 
stops, and minimum of two metering ports and flanged, grooved, or weld-end connections. 
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2. Valve body construction materials consist of cast iron, carbon steel, ductile iron, or
__________.

3. Internal components construction materials consist of brass, aluminum bronze, bronze,
Teflon, EPDM, NORYL, engineered resin, or __________.

2.10 AUTOMATIC FLOW CONTROL VALVES 

A. Construction:

1. Brass, bronze, or iron body with union on inlet and outlet, temperature and pressure test
plug on inlet and outlet with blowdown/backflush drain.

2. Built-in lug-type outlet butterfly valve with 2-position handle.

B. Calibration:  Control flow within 10 percent of selected rating, over operating pressure range of
10 times minimum pressure required for control, minimum pressure 2 psi.

C. Control Mechanism:  Provide stainless steel or nickel-plated, brass piston or regulator cup,
operating against stainless steel helical or wave formed spring or elastomeric diaphragm and
polyphenylsulfone orifice plate.

2.11 RELIEF VALVES 

A. Bronze body, teflon seat, stainless steel stem and springs, automatic, direct pressure actuated,
capacities ASME certified and labelled.

2.12 PRESSURE REDUCING VALVES 

A. Operation:  Automatically feeds make-up water to the hydronic system whenever pressure in
the system drops below the pressure setting of the valve. Refer to Section 23 21 13.

B. Materials of Construction:

1. Valve Body:  Constructed of bronze, cast iron, brass, iron, or __________.

2. Internal Components:  Construct of stainless steel, brass, or __________ and engineered
plastics, composition material, or ____________.

C. Connections:

1. NPT threaded:  1/2 inch or 3/4inch.

2. Soldered:  1/2 inch.

D. Provide integral check valve and strainer.

E. Maximum Inlet Pressure:  400 psi.

F. Maximum Fluid Temperature:  180 degrees F.

G. Adjustable Pressure Range:  From 10 to 45 psi, set to 25 psi.

2.13 AUTOMATIC FLOW LIMITING VALVES 

A. Size 1/2 inch to 14 inch:

1. Provide ball, globe, or _______ style with flow balancing, flow measurement, and shut-off
capabilities, memory stops, minimum of two metering ports and NPT threaded, soldered,
or ____________ connections.

2. Metal construction materials consist of bronze, brass, or ______.

3. Non-metal construction materials consist of Teflon, EPDM, engineered resin, or
__________.

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install specialties and equipment in accordance with manufacturer's instructions.

END OF SECTION
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SECTION 23 21 23  

HYDRONIC PUMPS 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

B. UL 778 - Standard for Motor-Operated Water Pumps; Current Edition, Including All Revisions.

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures.

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. Armstrong Fluid Technology, Inc; ______:  www.armstrongfluidtechnology.com/#sle.

B. Bell & Gossett, a Xylem Inc. brand; ______:  www.bellgossett.com/#sle.

C. Taco: www.tacocomfort.com.

D. Substitutions:  See Section 01 60 00 - Product Requirements.

2.02 GENERAL 

A. Provide pumps that operate at specified system fluid temperatures without vapor binding and
cavitation, are non-overloading in parallel or individual operation, and operate within 25 percent
of midpoint of published maximum efficiency curve.

B. Electrical Requirements:

1. Listed and classified by UL or testing agency acceptable to authority having jurisdiction as
suitable for the purpose specified and indicated.

2. Variable Frequency Drives (VFDs):  Provide in accordance with Section 23 09 34, except
for integral-VFDs.

3. Enclosures:  Provide unspecified product(s) required to fit motor:

2.03 IN-LINE PUMPS 

A. Casing:  Cast iron with seal flush connection, threaded suction, and discharge ports with gauge
port and drain plug.

B. Impeller:  Bronze, fully enclosed, keyed directly to motor shaft or extension.

C. Shaft:  Carbon steel with stainless steel impeller cap screw or nut and bronze sleeve.

D. Electrical:

1. Motor:  1,750 rpm, open drip-proof (ODP); see Section 23 05 13.

2.04 END-SUCTION PUMPS 

A. Casing:  Cast iron or ductile iron with renewable bronze casing wearing rings, seal flush
connection, drain plug, flanged suction, and discharge flanged connections with gauge ports.

B. Impeller:  Stainless steel, balanced, fully enclosed, keyed to shaft.

C. Bearings:  Oil lubricated roller or ball bearings.

D. Shaft:  Alloy steel with copper, bronze, or stainless steel shaft sleeve.

E. Drive:  Flexible coupling with coupling guard.

F. Baseplate:  Cast iron or fabricated steel with integral drain rim.

G. Electrical:

1. Motor:  1,750 rpm, total-enclosed, fan-cooled (TEFC); see Section 23 05 13.
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2. Wiring Terminations:  Provide terminal lugs to match branch circuit conductor quantities, 
sizes, and materials indicated.  Enclose terminal lugs in terminal box sized to NFPA 70. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Provide access space around pumps for service.  Provide no less than minimum space 
recommended by manufacturer. 

C. Controls Human-Machine Interface (HMI):  HVAC operator terminal; see Section 25 35 00. 

END OF SECTION 
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SECTION 23 25 00  
HVAC WATER TREATMENT 

PART 1  GENERAL 

1.01 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures.

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Closed System Treatment (Water):

1. Sequestering agent to reduce deposits and adjust pH; polyphosphate.

2. Corrosion inhibitors; boron-nitrite, sodium nitrite and borax, sodium totyltriazole, low
molecular weight polymers, phosphonates, sodium molybdate, or sulphites.

3. Conductivity enhancers; phosphates or phosphonates.

B. Condenser Water System Treatment (Cooling Towers):

1. Sequestering agent to inhibit scaling; phosphonates, sodium polyphosphates, lignin
derivatives, synthetic polymer polyelectrolytes, or organic phosphates.

2. Acid to reduce alkalinity and pH; sulphuric acid.

3. Corrosion inhibitor; zinc-phosphate, phosphonate-phosphate, phosphonate-molybdate
and phosphonate-silicate, sodium tolyltriazole, or low molecular weight polymers.

4. Biocide chlorine release agents such as sodium hypochlorite or calcium hypochlorite.

2.02 BY-PASS (POT) FEEDER 

2.03 SIDE-STREAM FILTRATION SYSTEM 

A. System:  Flow indicator, filter housing with cartridge filter, shut-off valves, and flow control
valve.

B. Performance:  Design flow 60 gal/min with maximum pressure drop of ____ psi.

C. Cartridges:  30 micron for start-up and 5 micron for system operation.

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions.

3.02 CLOSED SYSTEM TREATMENT 

A. Provide one bypass feeder on each system.  Install isolating and drain valves and necessary
piping.  Install around balancing valve downstream of circulating pumps unless indicated
otherwise.

B. Introduce closed system treatment through bypass feeder when required or indicated by test.

C. Provide 3/4 inch water coupon rack around circulating pumps with space for 4 test specimens.

END OF SECTION
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SECTION 23 31 00  

HVAC DUCTS AND CASINGS 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-
Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2017.

B. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024.

C. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.

D. UL 181 - Standard for Factory-Made Air Ducts and Air Connectors; Current Edition, Including
All Revisions.

PART 2  PRODUCTS 

2.01 GENERAL REQUIREMENTS 

A. Provide UL Class 1 ductwork, fittings, hangers, supports, and appurtenances in accordance
with NFPA 90A and SMACNA (DCS) guidelines unless stated otherwise.

B. Provide metal duct unless otherwise indicated. Fibrous glass duct can be substituted at the
Contractor's option.

C. Acoustical Treatment:  Provide sound-absorbing liners and sectional silencers for metal-based
ducts in compliance with Section 23 33 19.

D. Duct Shape and Material in accordance with Allowed Static Pressure Range:

E. Duct Sealing and Leakage in accordance with Static Pressure Class:

F. Duct Fabrication Requirements:

1. Duct and Fitting Fabrication and Support:  SMACNA (DCS) including specifics for
continuously welded round and oval duct fittings.

2. Use reinforced and sealed sheet-metal materials at recommended gauges for indicated
operating pressures or pressure class.

3. Construct tees, bends, and elbows with radius of not less than 1-1/2 times width of duct on
centerline. Where not possible and where rectangular elbows must be used, provide airfoil
turning vanes of perforated metal with glass fiber insulation.

4. Provide turning vanes of perforated metal with glass fiber insulation when acoustical lining
is indicated.

5. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible;
maximum 30 degrees divergence upstream of equipment and 45 degrees convergence
downstream.

6. Provide turning vanes of perforated metal with glass fiber insulation when an acoustical
lining is required.

7. Where ducts are connected to exterior wall louvers and duct outlet is smaller than louver
frame, provide blank-out panels sealing louver area around duct. Use same material as
duct, painted black on exterior side; seal to louver frame and duct.

2.02 METAL DUCTS 

A. Material Requirements:

1. Galvanized Steel:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type B,
with G60/Z180 coating.

2.03 FLEXIBLE DUCTS 

A. Flexible Ducts:  UL 181, Class 1, polyethylene film, mechanically fastened and rolled using
galvanized steel to form spiral helix.

1. Pressure Rating:  10 in-wc positive and 5 in-wc negative.
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2. Maximum Velocity:  5500 fpm. 

3. Temperature Range:  Minus 20 degrees F to 250 degrees F. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install, support, and seal ducts in accordance with SMACNA (DCS). 

B. Duct sizes indicated are precise inside dimensions. For lined ducts, maintain sizes inside lining. 

C. Locate ducts with sufficient space around equipment to allow normal operating and 
maintenance activities. 

END OF SECTION 
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SECTION 23 33 00  
AIR DUCT ACCESSORIES 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. NEMA EN 10250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2024.

B. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024.

C. NFPA 92 - Standard for Smoke Control Systems; Most Recent Edition Adopted by Authority
Having Jurisdiction, Including All Applicable Amendments and Supplements.

D. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.

E. UL 33 - Safety Heat Responsive Links for Fire-Protection Service; Current Edition, Including All
Revisions.

F. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current
Edition, Including All Revisions.

G. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,
Including All Revisions.

H. UL 555 - Standard for Fire Dampers; Current Edition, Including All Revisions.

I. UL 555S - Standard for Smoke Dampers; Current Edition, Including All Revisions.

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures.

PART 2  PRODUCTS 

2.01 AIR TURNING DEVICES/EXTRACTORS 

A. Multi-blade device with blades aligned in short dimension; steel construction; with individually
adjustable blades, mounting straps.

2.02 COMBINATION FIRE AND SMOKE DAMPERS 

2.03 DUCT ACCESS DOORS 

2.04 FIRE DAMPERS 

A. Fabricate in accordance with NFPA 90A and UL 555, and as indicated.

B. Horizontal Dampers:  Galvanized steel, 22-gauge, 0.0299-inch frame, stainless steel closure
spring, and lightweight, heat-retardant, non-asbestos fabric blanket.

C. Curtain Type Dampers:  Galvanized steel with interlocking blades. Provide stainless steel
closure springs and latches for horizontal installations. Configure with blades out of air stream
except for 1-inch pressure-class ducts up to 12 inches in height.

D. Multiple Blade Dampers:  16-gauge, 0.0598-inch galvanized steel frame and blades, oil-
impregnated bronze or stainless steel sleeve bearings and plated steel axles, 1/8 by 1/2 inch
plated steel concealed linkage, stainless steel closure spring, blade stops, and lock.

E. Fusible Links:  UL 33, separate at 160 degrees F with adjustable link straps for combination
fire/balancing dampers.

2.05 FLEXIBLE DUCT CONNECTORS 

A. Fabricate in accordance with SMACNA (DCS) and as indicated.

B. Flexible Duct Connections:  Fabric crimped into metal edging strip.

2.06 SMOKE DAMPERS 

A. Fabricate in accordance with NFPA 90A and UL 555S, and as indicated.



January 15, 2026 University of North Carolina at Wilmington 5142301800 
 Housing Village Phase 3 SCO 24-29053-02D 
 Complete Package - Construction Documents 

 

 

AIR DUCT ACCESSORIES 23 33 00 - 2   

 

B. Dampers:  UL Class 1 airfoil blade type smoke damper, normally open automatically operated 
by pneumatic actuator. 

C. Electro Thermal Link:  Fusible link melting at 165 degrees F; 120 volts, single phase, 60 Hz; UL 
listed and labeled. 

2.07 LOW LEAKAGE (CLASS 1A) CONTROL DAMPERS 

A. Manufacturers: 

1. Ruskin Company; CD50:  www.ruskin.com/#sle. 

2. Greenheck ICD-45:  www.greenheck.com. 

3. TAMCO Series 9000 (Preferred). 

4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Maximum Leakage Allowed:  3 cfm/sq ft at 1 in-wc. 

2.08 AIR MEASURING CONTROL DAMPERS 

A. Factory-Mounted Assembly Requirements: 

1. Damper Unit or Multi-Unit: 

a. Construction:  Flanged-to-duct frame made of extruded aluminum with V or 3V blades 
for low to medium pressure applications, zinc-plated steel hardware, frame-mounted 
shaft bearings, frame-assembly sleeve, and silicone seals at frame and blade ends. 

b. Control:  Opposed blade modulation by damper actuator(s) from air measuring 
sensor transmitter-controller unit. 

2. Air Measuring Sensor Transmitter-Controller: 

a. Transmitter:  Five percent accuracy, adjustable zero and span, 10 to 1 turndown, 0.1 
percent of calibrated span linearity, 30 to 50 millisecond response time, minimum 
overpressure of 150 percent over highest range value, alphanumeric indicating 
display, wired or wireless connectivity for configuration, and terminal strip within 
enclosed electronic components. 

b. Controller:  Configure to control hardware-linked damper actuator(s) based on locally 
typed or software-defined setpoint. Access for user to do local or remote proportional, 
integrative, and derivative control-loop tuning. 

c. Hardwired External Damper Actuator Output:  Two-wire, 4 to 20 mA. 

d. BTU Metering:  Provide temperature sensor for field mounting upstream or 
downstream of heating or cooling source. 

B. Service Temperature Range:  Minus 20 to 160 degrees F. 

C. Enclosure Rating for Transmitter-Controller and Damper Actuator(s): 

1. General:  UL 50 or UL 50E listed for use in non-hazardous locations. 

2.09 MISCELLANEOUS PRODUCTS 

A. Airflow Meters, Thermal-Dispersion Type: 

1. Configuration:  Duct or plenum inserted assembly using up to eight water-resistant thermal 
dispersion sensors per metal probe wired into external access box holding self-diagnosing 
sensor interface electronics with respective field wire and cable landing terminals. 

2. Monitoring Range: 

a. Air Velocity:  0 to 5,000 fpm converted to airflow using section area. 

b. Temperature:  Minus 20 to 120 degrees F. 

3. Accuracy:  Plus or minus 2 percent with a plus or minus 0.25 percent repeatability over 
listed range. Includes means to zero, adjust, and calibrate outputs. 

4. Access Box:  NEMA EN 10250, Type 4x with hinged cover housing and cable access 
ports. 

5. Outputs:  Two-wire, 4 to 20 mA, for airflow and temperature signals, configurable. 



January 15, 2026 University of North Carolina at Wilmington 5142301800 
Housing Village Phase 3 SCO 24-29053-02D 

Complete Package - Construction Documents 

AIR DUCT ACCESSORIES 23 33 00 - 3 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install accessories in accordance with manufacturer's instructions, NFPA 90A, and follow
SMACNA (DCS). See Section 23 31 00 for duct construction and pressure class.

B. Provide fire dampers, combination fire and smoke dampers, and smoke dampers at locations
indicated, where ducts and outlets pass through fire-rated components, and where required by
authorities having jurisdiction. Install with required perimeter mounting angles, sleeves,
breakaway duct connections, corrosion resistant springs, bearings, bushings and hinges.

C. Install smoke dampers and combination smoke and fire dampers in accordance with NFPA 92.

D. Demonstrate re-setting of fire dampers to Owner's representative.

END OF SECTION
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SECTION 23 34 16  

CENTRIFUGAL HVAC FANS 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ABMA STD 9 - Load Ratings and Fatigue Life for Ball Bearings; 2015.

B. AMCA (DIR) - (Directory of) Products Licensed Under AMCA International Certified Ratings
Program; 2015.

C. AMCA 99 - Standards Handbook; 2025.

D. AMCA 210 - Laboratory Methods of Testing Fans for Certified Aerodynamic Performance
Rating; 2025.

E. AMCA 300 - Reverberation Room Methods of Sound Testing of Fans; 2024.

F. AMCA 301 - Methods for Calculating Fan Sound Ratings from Laboratory Test Data; 2022.

G. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures.

B. Product Data:  Provide data on centrifugal fans and accessories including fan curves with
specified operating point plotted, power, rpm, sound power levels for both fan inlet and outlet at
rated capacity, and electrical characteristics and connection requirements.

C. Shop Drawings:  Indicate assembly of centrifugal fans and accessories including fan curves
with specified operating point plotted, sound power levels for both fan inlet and outlet at rated
capacity, and electrical characteristics and connection requirements.

D. Manufacturer's Instructions:  Include complete installation instructions.

E. Maintenance Data:  Include instructions for lubrication, motor and drive replacement, spare
parts list, and wiring diagrams.

F. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.

1. See Section 01 60 00 - Product Requirements for additional provisions.

2. Extra Fan Belts:  One set for each individual fan.

1.03 DELIVERY, STORAGE, AND HANDLING 

A. Protect motors, shafts, and bearings from weather and construction dust.

1.04 FIELD CONDITIONS 

A. Permanent fans may be used for ventilation during construction only after ductwork is clean,
filters are in place, bearings have been lubricated, and fan has been test run under observation.

PART 2  PRODUCTS 

2.01 PERFORMANCE REQUIREMENTS 

A. Performance Ratings:  Determined in accordance with AMCA 210 and bearing the AMCA
Certified Rating Seal.

B. Sound Ratings:  AMCA 301, tested to AMCA 300, and bear AMCA Certified Sound Rating
Seal.

C. Fabrication:  Comply with AMCA 99.

D. Performance Base:  Sea level conditions.



January 15, 2026 University of North Carolina at Wilmington 5142301800 
 Housing Village Phase 3 SCO 24-29053-02D 
 Complete Package - Construction Documents 

 

 

CENTRIFUGAL HVAC FANS 23 34 16 - 2   

 

2.02 WHEEL AND INLET 

A. Backward Inclined:  Steel or aluminum construction with smooth curved inlet flange, heavy back 
plate, backwardly curved blades welded or riveted to flange and backplate; cast iron hub 
riveted to back plate and keyed to shaft with set screws. 

2.03 HOUSING 

A. Heavy gauge steel, spot welded for AMCA 99 Class I and II fans, and continuously welded for 
Class III, adequately braced, designed to minimize turbulence with spun inlet bell and shaped 
cut. 

2.04 BEARINGS AND DRIVES 

A. Bearings:  Heavy duty pillow block type, selfgreasing ball bearings, with ABMA STD 9 life at 
50,000 hours. 

B. Shafts:  Hot rolled steel, ground and polished, with keyway, protectively coated with lubricating 
oil, and shaft guard. 

C. Drive:  Cast iron or steel sheaves, dynamically balanced, keyed.  Variable and adjustable pitch 
sheaves for motors 15 hp and under, selected so required rpm is obtained with sheaves set at 
mid Fixed sheave for 20 hp and over, matched belts, and drive rated as recommended by 
manufacturer or minimum 1.5 times nameplate rating of the motor. 

D. Belt Guard:  Fabricate to SMACNA (DCS); 0.106 inch thick, 3/4 inch diamond mesh wire screen 
welded to steel angle frame or equivalent, prime coated.  Secure to fan or fan supports without 
short circuiting vibration isolation, with provision for adjustment of belt tension, lubrication, and 
use of tachometer with guard in place. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install fans with resilient mountings and flexible electrical leads, see Sections 23 05 48 and 26 
05 83. 

C. Install flexible connections between fan inlet and discharge ductwork; see Section 23 33 
00.  Ensure metal bands of connectors are parallel with minimum one inch flex between 
ductwork and fan while running. 

D. Provide safety screen where inlet or outlet is exposed. 

END OF SECTION 
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SECTION 23 35 01  

DRYER-VENT EXHAUST COLLECTION SYSTEMS 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ANSI Z223.1 - National Fuel Gas Code; 2024.

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements for submittal procedures.

PART 2  PRODUCTS 

2.01 GENERAL REQUIREMENTS 

A. Regulatory Requirements:

1. Comply with ANSI Z223.1.

2. Products Requiring Electrical Connection:  Listed and classified by Underwriters
Laboratories Inc. as suitable for the purpose specified and indicated.

2.02 ACCESSORIES 

A. Inline Lint Collector:

1. Construction:  Stainless steel housing with access panel and replaceable filter.

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions.

END OF SECTION
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SECTION 23 37 00  

AIR OUTLETS AND INLETS 

PART 1  GENERAL 

PART 2  PRODUCTS 

2.01 RECTANGULAR CEILING DIFFUSERS 

A. Type:  Provide rectangular and square formed adjustable, backpan stamped, core removable,
and multi-louvered ceiling diffusers constructed to maintain 360 degree discharge air pattern
with sectorizing baffles where indicated.

B. Connections:  Round.

C. Frame:  Provide surface mount, snap-in, inverted T-bar, and spline type. In plaster ceilings,
provide plaster frame and ceiling frame.

D. Fabrication:  Steel with baked enamel finish.

2.02 CEILING SLOT DIFFUSERS 

A. Color:  To be selected by Engineer from manufacturer's standard range.

B. Frame:  1-1/4 inch margin with countersunk screw mounting and gasket, mitered end border.

C. Plenum:  Integral, galvanized steel, insulated.

2.03 CEILING SUPPLY REGISTERS/GRILLES 

A. Type:  Streamlined and individually adjustable curved blades to discharge air along face of
grille, one-way deflection.

B. Color:  As selected by Engineer from manufacturer's standard range.

2.04 CEILING EXHAUST AND RETURN REGISTERS/GRILLES 

A. Color:  To be selected by Engineer from manufacturer's standard range.

2.05 WALL SUPPLY REGISTERS/GRILLES 

A. Type:  Streamlined and individually adjustable blades, 3/4 inch minimum depth, 3/4 inch
maximum spacing with spring or other device to set blades, vertical face, single deflection.

B. Fabrication:  Steel with 20 gauge, 0.0359 inch minimum frames and 22 gauge, 0.0299 inch
minimum blades, steel and aluminum with 20 gauge, 0.0359 inch minimum frame, or aluminum
extrusions, with factory baked enamel finish.

C. Color:  To be selected by Engineer from manufacturer's standard range.

2.06 WALL EXHAUST AND RETURN REGISTERS/GRILLES 

A. Type:  Streamlined blades, 3/4 inch minimum depth, 3/4 inch maximum spacing, with spring or
other device to set blades, vertical face.

B. Frame:  1-1/4 inch margin with countersunk screw mounting.

C. Fabrication:  Steel frames and blades, with factory baked enamel finish.

D. Color:  To be selected by Engineer from manufacturer's standard range.

2.07 GRAVITY VENTILATORS 

A. Hood Intake and Relief Gravity Ventilator:

1. General:

a. Low silhouette for intake applications with natural gravity or negative pressure
system(s).

b. Performance ratings and factory testing in accordance with AMCA 511 and AMCA
550.



January 15, 2026 University of North Carolina at Wilmington 5142301800 
 Housing Village Phase 3 SCO 24-29053-02D 
 Complete Package - Construction Documents 

 

 

AIR OUTLETS AND INLETS 23 37 00 - 2   

 

c. Equipment to bear permanently affixed manufacturer's nameplate listing model and 
serial number. 

2. Birdscreen: 

a. Fabricate in accordance with ASTM B221 (ASTM B221M). 

b. Construction:  1/2 inch Galvanized mesh. 

c. Horizontally mounted across hood intake area. 

3. Hood Support:  Galvanized steel construction and fastened so hood can be removed 
completely from base or hinged open. 

4. Options/Accessories: 

a. Roof Curbs: 

1) Flat Roofs: 

b. Curb Seal:  Rubber seal between fan and roof curb. 

c. Dampers: 

1) Type:  Gravity. 

2) Factory designed to prevents outside air from entering back into building when 
fan is off. 

3) Balanced for minimal resistance to flow. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Check location of outlets and inlets and make necessary adjustments in position to comply with 
architectural features, symmetry, and lighting arrangement. 

END OF SECTION 
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SECTION 23 40 00  

HVAC AIR CLEANING DEVICES 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. ASHRAE Std 52.2 - Method of Testing General Ventilation Air-Cleaning Devices for Removal
Efficiency by Particle Size; 2025.

B. UL 900 - Standard for Air Filter Units; Current Edition, Including All Revisions.

PART 2  PRODUCTS 

2.01 PERFORMANCE REQUIREMENTS 

2.02 DISPOSABLE PANEL FILTERS 

A. Media:  UL 900 Class 2, fiber blanket, factory sprayed with flameproof, non-drip, non-volatile
adhesive.

B. Performance Rating:

1. Face Velocity:  500 fpm.

2. Initial Resistance:  0.15 in-wc.

3. Recommended Final Resistance:  0.50 in-wc.

C. Casing:  Cardboard frame.

2.03 EXTENDED SURFACE HIGH EFFICIENCY MEDIA FILTERS 

A. Media:  Pleated, water-resistant glass fiber with aluminum separators; in 16 gauge, 0.0598 inch
steel holding frame with corrosion resistant coating.

B. Minimum Efficiency Reporting Value (MERV):  13, when tested in accordance with ASHRAE
Std 52.2.

C. Performance Rating, per ASHRAE Std 52.2:

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install air cleaning devices in accordance with manufacturer's instructions.

B. Prevent passage of unfiltered air around filters with felt, rubber, or neoprene gaskets.

C. Do not operate fan system until filters (temporary or permanent) are in place.  Replace
temporary filters used during construction and testing, with clean set.

END OF SECTION
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SECTION 23 81 29  

VARIABLE REFRIGERANT FLOW HVAC SYSTEMS 

PART 1  GENERAL 

1.01 REFERENCE STANDARDS 

A. AHRI 210/240 - Standard for Performance Rating of Unitary Air-Conditioning and Air-Source
Heat Pump Equipment; 2008, Including All Addenda.

B. ITS (DIR) - Directory of Listed Products; current edition.

C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

D. UL 1995 - Heating and Cooling Equipment; Current Edition, Including All Revisions.

1.02 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures.

1.03 QUALITY ASSURANCE 

A. Installer Qualifications:  Trained and approved by manufacturer of equipment.

1.04 DELIVERY, STORAGE AND HANDLING 

1.05 WARRANTY 

A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements.

PART 2  PRODUCTS 

2.01 HVAC SYSTEM DESIGN 

A. System Operation:  Heating and cooling, simultaneously.

1. Zoning:  Provide capability for temperature control for each individual indoor/evaporator
unit independently of all other units.

2. Zoning:  Provide heating/cooling selection for each individual indoor/evaporator unit
independently of all other units.

3. Provide a complete functional system that achieves the specified performance based on
the specified design conditions and that is designed and constructed according to the
equipment manufacturer's requirements.

4. Conditioned spaces are indicated on drawings.

5. Branch selector unit locations are not indicated on drawings.

6. Required equipment unit capacities are indicated on drawings.

7. Refrigerant piping sizes are not indicated on drawings.

8. Connect equipment to condensate piping provided by others; condensate piping is
indicated on drawings.

B. Cooling Mode Interior Performance:

1. Daytime Setpoint:  68 degrees F, plus or minus 2 degrees F.

2. Setpoint Range:  57 degrees F to 77 degrees F.

3. Night Setback:  78 degrees F.

4. Interior Relative Humidity:  20 percent, maximum.

C. Heating Mode Interior Performance:

1. Daytime Setpoint:  68 degrees F, plus or minus 2 degrees F.

2. Setpoint Range:  59 degrees F to 80 degrees F.

3. Night Setback:  60 degrees F.

4. Interior Relative Humidity:  10 percent, minimum.

D. Outside Air Design Conditions:
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E. Energy Design Wind Speed:  25 mph. 

F. Operating Temperature Ranges: 

1. Simultaneous Heating and Cooling Operating Range:  minus 4 degrees F to 60 degrees F 
dry bulb. 

2. Cooling Mode Operating Range:  minus 4 degrees F to 110 degrees F dry bulb. 

3. Heating Mode Operating Range:  0 degrees F to 77 degrees F dry bulb; minus 4 degrees 
F to 60 degrees F wet bulb; without low ambient controls or auxiliary heat source. 

G. Refrigerant Piping Lengths:  Provide equipment capable of serving system with following piping 
lengths without any oil traps: 

1. Minimum Piping Length from Outdoor/Central Unit(s) to Furthest Terminal Unit:  540 feet, 
actual; 620 feet, equivalent. 

2. Total Combined Liquid Line Length:  3280 feet, minimum. 

3. Minimum Piping Length Between Indoor Units:  49 feet. 

H. Control Wiring Lengths: 

1. Between Outdoor/Condenser Unit and Indoor/Evaporator Unit:  6,665 feet, minimum. 

2. Between Outdoor/Condenser Unit and Central Controller:  3,330 feet, minimum. 

3. Between Indoor/Evaporator Unit and Remote Controller:  1,665 feet. 

I. Controls:  Provide the following control interfaces: 

1. For Each Indoor/Evaporator Unit:  One wall-mounted wired "local" controller, with 
temperature sensor; locate where indicated. 

J. Local Controllers:  Wall-mounted, wired, containing temperature sensor. 

2.02 EQUIPMENT 

A. All Units:  Factory assembled, wired, and piped and factory tested for function and safety. 

1. Performance Certification:  AHRI Certified; www.ahrinet.org. 

2. Safety Certification:  Tested to UL 1995 by UL or Intertek-ETL, listed in ITS (DIR), and 
bearing the certification label. 

3. Provide outdoor/condensing units capable of serving indoor unit capacity up to 200 
percent of the capacity of the outdoor/condensing unit. 

4. Provide units capable of serving the zones indicated. 

5. Thermal Performance:  Provide heating and cooling capacity as indicated, based on the 
following nominal operating conditions: 

6. Energy Efficiency:  Report EER and COP based on tests conducted at “full load” in 
accordance with AHRI 210/240 or alternate test method approved by U.S. Department of 
Energy. 

B. Electrical Characteristics: 

1. Power - Branch Selector Units:  208 to 230 Volts, single phase, 60 Hz. 

2. Power - Indoor Units:  208 to 230 Volts, single phase, 60 Hz. 

3. 208-230 Voltage Range:  187 to 253 volts. 

C. Refrigerant Piping: 

1. Insulate each refrigerant line individually between the condensing and indoor units. 

2.03 OUTDOOR/CONDENSING UNITS 

A. Outdoor/Condensing Units:  Air-cooled DX refrigeration units, designed specifically for use with 
indoor/evaporator units; factory assembled and wired with all necessary electronic and 
refrigerant controls; modular design for ganging multiple units. 

1. Refrigeration Circuit:  Scroll compressors, motors, fans, condenser coil, electronic 
expansion valves, solenoid valves, 4-way valve, distribution headers, capillaries, filters, 
shut off valves, oil separators, service ports and refrigerant regulator. 
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2. Refrigerant:  Factory charged.

3. Variable Volume Control:  Modulate compressor capacity automatically to maintain
constant suction and condensing pressures while varying refrigerant volume to suit
heating/cooling loads.

4. Capable of being installed with wiring and piping to the left, right, rear or bottom.

5. Capable of heating operation at low end of operating range as specified, without additional
low ambient controls or auxiliary heat source; during heating operation, reverse cycle
(cooling mode) oil return or defrost is not permitted, due to potential reduction in space
temperature.

6. Sound Pressure Level:  As specified, measured at 3 feet from front of unit; provide night
setback sound control as a standard feature; three selectable sound level steps of 55 dB,
50 dB, and 45 dB, maximum.

7. Power Failure Mode:  Automatically restart operation after power failure without loss of
programmed settings.

8. Safety Devices:  High pressure sensor and switch, low pressure sensor/switch, control
circuit fuses, crankcase heaters, fusible plug, overload relay, inverter overload protector,
thermal protectors for compressor and fan motors, over current protection for the inverter
and anti-recycling timers.

9. Provide refrigerant sub-cooling to ensure the liquid refrigerant does not flash when
supplying to us indoor units.

10. Oil Recovery Cycle:  Automatic, occurring 2 hours after start of operation and then every 8
hours of operation; maintain continuous heating during oil return operation.

11. Controls:  Provide contacts for electrical demand shedding.

B. Unit Cabinet:  Weatherproof and corrosion resistant; rust-proofed mild steel panels coated with
baked enamel finish.

1. Designed to allow side-by-side installation with minimum spacing.

C. Fans:  One or more direct-drive propeller type, vertical discharge, with multiple speed operation
via DC (digitally commutating) inverter.

1. Provide minimum of 2 fans for each condensing unit.

2. External Static Pressure:  Factory set at 0.12 in WG, minimum.

3. Indoor Mounted Air-Cooled Units:  External static pressure field set at 0.32 in WG,
minimum; provide for mounting of field-installed ducts.

4. Fan Airflow:  As indicated for specific equipment.

5. Fan Motors:  Factory installed; permanently lubricated bearings; inherent protection; fan
guard; output as indicated for specific equipment.

D. Condenser Coils:  Copper tubes expanded into aluminum fins to form mechanical bond; waffle
louver fin and rifled bore tube design to ensure high efficiency performance.

E. Compressors:  Scroll type, hermetically sealed, variable speed inverter-driven and fixed speed
in combination to suit total capacity; minimum of one variable speed, inverter driven
compressor per condenser unit; minimum of two compressors per condenser unit; capable of
controlling capacity within range of 6 percent to 100 percent of total capacity.

1. Multiple Condenser Modules:  Balance total operation hours of compressors by means of
duty cycling function, providing for sequential starting of each module at each start/stop
cycle, completion of oil return, and completion of defrost, or every 8 hours.

2. Failure Mode:  In the event of compressor failure, operate remaining compressor(s) at
proportionally reduced capacity; provide microprocessor and associated controls
specifically designed to address this condition.

3. Provide each compressor with crankcase heater, high pressure safety switch, and internal
thermal overload protector.
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4. Provide oil separators and intelligent oil management system. 

5. Provide spring mounted vibration isolators. 

2.04 BRANCH SELECTOR UNITS 

A. Branch Selector Units:  Concealed boxes designed specifically for this type of system to control 
heating/cooling mode selection of downstream units; consisting of electronic expansion valves, 
subcooling heat exchanger, refrigerant control piping and electronics to facilitate 
communications between unit and main processor and between branch unit and 
indoor/evaporator units. 

1. Control direction of refrigerant flow using electronic expansion valves; use of solenoid 
valves for changeover and pressure equalization is not permitted due to refrigerant noise; 
use of multi-port branch selector boxes is not permitted unless spare ports are provided 
for redundancy. 

2. Provide one electronic expansion valve for each downstream unit served, except multiple 
indoor/evaporator units may be connected, provided balancing joints are used in 
downstream piping and total capacity is within capacity range of the branch selector. 

3. When branch unit is simultaneously heating and cooling, energize subcooling heat 
exchanger. 

4. Casing:  Galvanized steel sheet; with flame and heat resistant foamed polyethylene sound 
and thermal insulation. 

5. Refrigerant Connections:  Braze type. 

6. Condensate Drainage:  Provide unit that does not require condensate drainage. 

2.05 INDOOR/EVAPORATOR UNITS 

A. All Indoor/Evaporator Units:  Factory assembled and tested DX fan-coil units, with electronic 
proportional expansion valve, control circuit board, factory wiring and piping, self-diagnostics, 
auto-restart function, 3-minute fused time delay, and test run switch. 

1. Refrigerant:  Refrigerant circuits factory-charged with dehydrated air, for field charging. 

2. Temperature Control Mechanism:  Return air thermistor and computerized Proportional-
Integral-Derivative (PID) control of superheat. 

3. Coils:  Direct expansion type constructed from copper tubes expanded into aluminum fins 
to form a mechanical bond; waffle louver fin and high heat exchange, rifled bore tube 
design; factory tested. 

a. Provide thermistor on liquid and gas lines. 

4. Fans:  Direct-drive, with statically and dynamically balanced impellers; high and low 
speeds unless otherwise indicated; motor thermally protected. 

5. Return Air Filter:  Washable long-life net filter with mildew proof resin, unless otherwise 
indicated. 

6. Condensate Drainage:  Built-in condensate drain pan with PVC drain connection. 

7. Cabinet Insulation:  Sound absorbing foamed polystyrene and polyethylene insulation. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install refrigerant piping in accordance with equipment manufacturer's instructions. 

C. Perform wiring in accordance with NFPA 70, National Electric Code (NEC). 

D. Coordinate with installers of systems and equipment connecting to this system. 

3.02 SYSTEM STARTUP 

A. Prepare and start equipment and system in accordance with manufacturer's instructions and 
recommendations. 
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B. Adjust equipment for proper operation within manufacturer's published tolerances.

END OF SECTION 


