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SECTION 23 0529 
HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1  GENERAL 
1.01 SECTION INCLUDES 

A. Support and attachment components. 
B. Vibration isolators. 

1.02 REFERENCE STANDARDS 
A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron 

and Steel Products; 2017. 
B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel 

Hardware; 2016a. 
C. ASTM A181/A181M - Standard Specification for Carbon Steel Forgings, for General - Purpose 

Piping; 2014. 
D. ASTM A36/A36M - Standard Specification for Carbon Structural Steel; 2014. 
E. ASTM A47/A47M - Standard Specification for Ferritic Malleable Iron Castings; 1999 

(Reapproved 2014). 
F. ASTM A283/A283M - Standard Specification for Low and Intermediate Tensile Strength Carbon 

Steel Plates; 2018. 
G. ASTM A395/A395M - Standard Specification for Ferritic Ductile Iron Pressure-Retaining 

Castings for Use at Elevated Temperatures; 1999 (Reapproved 2018). 
H. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel; 

2015. 
I. MFMA-4 - Metal Framing Standards Publication; 2004. 
J. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection, 

Application, and Installation; 2009. 
1.03 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 
1. Coordinate sizes and arrangement of supports and bases with the actual equipment and 

components to be installed. 
2. Coordinate the work with other trades to provide additional framing and materials required 

for installation. 
3. Coordinate compatibility of support and attachment components with mounting surfaces at 

the installed locations. 
4. Coordinate the arrangement of supports with ductwork, piping, equipment and other 

potential conflicts installed under other sections or by others. 
5. Notify A/E of any conflicts with or deviations from Contract Documents. Obtain direction 

before proceeding with work. 
1.04 SUBMITTALS 

A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for channel 
(strut) framing systems, nonpenetrating rooftop supports, post-installed concrete and masonry 
anchors, and thermal insulated pipe supports. 

1.05 QUALITY ASSURANCE 
A. Comply with applicable building code. 

PART 2  PRODUCTS 
2.01 SUPPORT AND ATTACHMENT COMPONENTS 

A. General Requirements: 
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1. Comply with MSS SP-58. 
2. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and 

hardware as necessary for the complete installation of plumbing work. 
3. Provide products listed, classified, and labeled as suitable for the purpose intended, where 

applicable. 
4. 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.  Include consideration for vibration, equipment operation, and shock loads 
where applicable. 

5. Do not use wire, chain, perforated pipe strap, or wood for permanent supports unless 
specifically indicated or permitted. 

6. 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. Provide factory-fabricated continuous-slot metal channel (strut) and associated fittings, 
accessories, and hardware required for field-assembly of supports. 

2. Comply with MFMA-4. 
3. Strut Channel or Bracket Material: 
4. 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. Pipe Supports: 

1. Material:  ASTM A395/A395M ductile iron, ASTM A36/A36M carbon steel, ASTM 
A47/A47M malleable iron, ASTM A181/A181M forged steel, or ASTM A283/A283M steel. 

2. Liquid Temperatures Up To 122 degrees F: 
a. Overhead Support:  MSS SP-58 Types 1, 3 through 12. 
b. Support From Below:  MSS SP-58 Types 35 through 38. 

2.02 VIBRATION ISOLATORS 
A. Restrained Steel Springs: 

1. Housing: Rigid blocking during rigging prevents equipment installed and operating height 
from changing during temporary weight reduction. 

2. Equipment Wind Loading: Adequate means for fastening isolator top to equipment and 
isolator base plate to supporting structure. 

B. Spring Hanger: 
1. Housing: Steel construction containing stable steel spring and integral elastomeric 

element preventing metal to metal contact. 
2. Bottom Opening: Sized to allow plus/minus 15 degrees rod misalignment. 

PART 3  EXECUTION 
3.01 EXAMINATION 

A. Verify that field measurements are as indicated. 
B. Verify that mounting surfaces are ready to receive support and attachment components. 
C. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 INSTALLATION 
A. Install products in accordance with manufacturer's instructions. 
B. Piping supports shall be installed for seismic forces. 
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C. Hanger spacing shall be in accordance with Table 305.4 of the Virginia Mechanical Code. 
D. Provide independent support from building structure.  Do not provide support from piping, 

ductwork, conduit, or other systems. 
E. Unless specifically indicated or approved by A/E, do not provide support from suspended 

ceiling support system or ceiling grid. 
F. Unless specifically indicated or approved by A/E, do not provide support from roof deck. 
G. Do not penetrate or otherwise notch or cut structural members without approval of Structural 

Engineer. 
H. 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. Unless otherwise indicated, mount floor-mounted equipment on properly sized 3 inch high 
concrete pad constructed in accordance with Section 03 3000. 

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

I. Secure fasteners according to manufacturer's recommended torque settings. 
J. Remove temporary supports. 

END OF SECTION 23 0529 
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SECTION 23 0553 
IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1  GENERAL 
1.01 SECTION INCLUDES 

A. Nameplates. 
1.02 REFERENCE STANDARDS 

A. ASME A13.1 - Scheme for the Identification of Piping Systems. 
B. ASTM D709 - Standard Specification for Laminated Thermosetting Materials. 

1.03 SUBMITTALS 
A. List:  Submit list of wording, symbols, letter size, and color coding for mechanical identification. 
B. Product Data:  Provide manufacturers catalog literature for each product required. 
C. Project Record Documents:  Record actual locations. 

PART 2  PRODUCTS 
2.01 IDENTIFICATION APPLICATIONS 

A. HVAC Equipment, Fans: Nameplates. 
2.02 NAMEPLATES 

A. Letter Color:  White. 
B. Letter Height:  1/4 inch. 
C. Background Color:  Black. 
D. Plastic:  Comply with ASTM D709. 

PART 3  EXECUTION 
3.01 PREPARATION 

A. Degrease and clean surfaces to receive adhesive for identification materials. 
3.02 INSTALLATION 

A. Install nameplates with corrosive-resistant mechanical fasteners, or adhesive.  Apply with 
sufficient adhesive to ensure permanent adhesion and seal with clear lacquer. 

END OF SECTION 23 0553 
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SECTION 23 0593 
TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1  GENERAL 
1.01 SECTION INCLUDES 

A. Testing, adjustment, and balancing of air and water systems. 
1.02 REFERENCE STANDARDS 

A. AABC (NSTSB) - AABC National Standards for Total System Balance, 7th Edition; 2016. 
B. ASHRAE Std 111 - Measurement, Testing, Adjusting, and Balancing of Building HVAC 

Systems; 2008. 
1.03 SUBMITTALS  

A. 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. Submit to A/E. 
2. 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 report forms to be used, listing each piece of 
equipment to be tested, adjusted and balanced with the data cells to be gathered for 
each. 

B. Control System Coordination Reports:  Communicate in writing to the controls installer all 
setpoint and parameter changes made or problems and discrepancies identified during TAB 
that affect, or could affect, the control system setup and operation. 

C. Final Report:  Indicate deficiencies in systems that would prevent proper testing, adjusting, and 
balancing of systems and equipment to achieve specified performance. 
1. Submit draft copies of report for review prior to final acceptance of Project.  Provide final 

copies for A/E and for inclusion in operating and maintenance manuals. 
2. Include actual instrument list, with manufacturer name, serial number, and date of 

calibration. 
3. Form of Test Reports:  Where the TAB standard being followed recommends a report 

format use that; otherwise, follow ASHRAE Std 111. 
PART 2  PRODUCTS - NOT USED 
PART 3  EXECUTION 
3.01 GENERAL REQUIREMENTS 

A. Perform total system balance in accordance with one of the following: 
1. AABC (NSTSB), AABC National Standards for Total System Balance. 

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

C. TAB Agency Qualifications: 
1. Company specializing in the testing, adjusting, and balancing of systems specified in this 

section. 
2. Certified by one of the following: 

a. AABC, Associated Air Balance Council:  www.aabc.com/#sle; upon completion 
submit AABC National Performance Guaranty. 

D. TAB Supervisor and Technician Qualifications:  Certified by same organization as TAB agency. 
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3.02 EXAMINATION 
A. Verify that systems are complete and operable before commencing work.  Ensure the following 

conditions: 
1. Systems are started and operating in a safe and normal condition. 
2. Temperature control systems are installed complete and operable. 
3. Proper thermal overload protection is in place for electrical equipment. 
4. Final filters are clean and in place.  If required, install temporary media in addition to final 

filters. 
5. Duct systems are clean of debris. 
6. Fans are rotating correctly. 
7. Fire and volume dampers are in place and open. 
8. Air outlets are installed and connected. 
9. Duct system leakage is minimized. 

B. Beginning of work means acceptance of existing conditions. 
3.03 ADJUSTMENT TOLERANCES 

A. Air Handling Systems:  Adjust to within plus or minus 5 percent of design for supply air systems 
and plus or minus 10 percent of design for return and exhaust systems. Adjust to within plus 
10% and minus 0% for outdoor air. 

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

3.04 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. Mark on drawings the locations where traverse and other critical measurements were taken and 

cross reference the location in the final report. 
D. After adjustment, take measurements to verify balance has not been disrupted or that such 

disruption has been rectified. 
E. Leave systems in proper working order, replacing belt guards, closing access doors, closing 

doors to electrical switch boxes, and restoring thermostats to specified settings. 
3.05 AIR SYSTEM PROCEDURE 

A. Adjust air handling and distribution systems to provide required or design supply, return, and 
exhaust air quantities. 

B. Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional area of 
duct. 

C. Measure air quantities at air inlets and outlets. Measure and balance outside airflow at each 
Indoor Unit. 

D. Adjust distribution system to obtain uniform space temperatures free from objectionable drafts 
and noise. 

E. Use volume control devices to regulate air quantities only to extend that adjustments do not 
create objectionable air motion or sound levels.  Effect volume control by duct internal devices 
such as dampers and splitters. 

F. Vary total system air quantities by adjustment of fan speeds.  Provide drive changes required.  
Vary branch air quantities by damper regulation. 

G. Provide system schematic with required and actual air quantities recorded at each outlet or 
inlet. 

H. Measure static air pressure conditions on air supply units, including filter and coil pressure 
drops, and total pressure across the fan.  Make allowances for 50 percent loading of filters. 
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3.06 WATER SYSTEM PROCEDURE 
A. Adjust water systems to provide required or design quantities. 
B. Use calibrated Venturi tubes, orifices, or other metered fittings and pressure gages to 

determine flow rates for system balance.  Where flow metering devices are not installed, base 
flow balance on temperature difference across various heat transfer elements in the system. 

C. Adjust systems to provide specified pressure drops and flows through heat transfer elements 
prior to thermal testing.  Perform balancing by measurement of temperature differential in 
conjunction with air balancing. 

D. Effect system balance with automatic control valves fully open to heat transfer elements. 
 E. Effect adjustment of water distribution systems by means of balancing cocks, valves, and 

fittings.  Do not use service or shut-off valves for balancing unless indexed for balance point 
3.08 SCOPE 

A. Test, adjust, and balance the following: 
1. Existing and new VAV terminal units. 
2. Air Inlets and Outlets. 
3. Heating Water Coils 

3.09 MINIMUM DATA TO BE REPORTED 
A. Electric Motors: 

1. Manufacturer. 
2. Model/Frame. 
3. HP/BHP. 
4. Phase, voltage, amperage; nameplate, actual, no load. 
5. RPM. 

B. Air Moving Equipment: 
1. Location. 
2. Manufacturer. 
3. Model number. 
4. Serial number. 
5. Air flow, specified and actual. 
6. Total static pressure (total external), specified and actual. 
7. Inlet pressure. 
8. Discharge pressure. 
9. Fan RPM. 

C. Air Inlets and Outlets: 
1. Identification/location. 
2. Design air flow. 
3. Actual air flow. 
4. Percent deviation. 

D. Heating Water Coils: 
1. Identification/location 
2. GPM flow. 
3. Entering and Leaving water temperature. 
4. Entering and Leaving air temperature. 
5. Water pressure drop. 

END OF SECTION 23 0593 
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SECTION 23 0713 
DUCT INSULATION 

PART 1  GENERAL 
1.01 SECTION INCLUDES 

A. Duct insulation. 
1.02 REFERENCE STANDARDS 

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

B. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular Form; 2016. 

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

D. ASTM C1071 - Standard Specification for Fibrous Glass Duct Lining Insulation (Thermal and 
Sound Absorbing Material); 2016. 

E. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 
2018. 

F. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2016. 
G. ASTM G21 - Standard Practice for Determining Resistance of Synthetic Polymeric Materials to 

Fungi; 2015. 
H. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005 (Revised 

2009). 
I. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current 

Edition, Including All Revisions. 
1.03 SUBMITTALS 

A. Product Data:  Provide product description, thermal characteristics, list of materials and 
thickness for each service, and locations. 

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 blanket. 

1. K value:  0.24 at 75 degrees F, when tested in accordance with ASTM C518. 
2. Maximum Service Temperature:  1,200 degrees F. 
3. Maximum Water Vapor Absorption:  5.0 percent by weight. 

B. Vapor Barrier Jacket: 
1. Kraft paper with glass fiber yarn and bonded to aluminized film. 
2. Moisture Vapor Permeability:  0.02 perm inch, when tested in accordance with ASTM 

E96/E96M. 
3. Secure with pressure-sensitive tape. 

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. 
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3.02 INSTALLATION 
A. Install in accordance with manufacturer's instructions. 
B. Insulated Ducts Conveying Air Below Ambient Temperature: 

1. Provide insulation with vapor barrier jackets. 
2. Finish with tape and vapor barrier jacket. 
3. Continue insulation through walls, sleeves, hangers, and other duct penetrations. 
4. Insulate entire system including fittings, joints, flanges, fire dampers, flexible connections, 

supply diffusers/registers and expansion joints. 
C. External Duct Insulation Application: 

1. Install without sag on underside of duct.  Use adhesive or mechanical fasteners where 
necessary to prevent sagging.  Lift duct off trapeze hangers and insert spacers. 

2. Seal vapor barrier penetrations by mechanical fasteners with vapor barrier adhesive. 
3. Stop and point insulation around access doors and damper operators to allow operation 

without disturbing wrapping. 
3.03 SCHEDULES 

A. Supply and Return Air Ducts: flexible insulation, minimum R6 installed. 
 

END OF SECTION 23 0713 
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SECTION 23 3100 
HVAC DUCTS AND CASINGS 

PART 1  GENERAL 
1.01 SECTION INCLUDES 

A. Metal ductwork. 
B. Nonmetal ductwork. 

1.02 RELATED REQUIREMENTS 
A. Section 23 0713 - Duct Insulation. 

1.03 REFERENCE STANDARDS 
A. ASTM A36/A36M - Standard Specification for Carbon Structural Steel; 2014. 
B. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-

Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2017. 
C. ASTM A666 - Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel 

Sheet, Strip, Plate, and Flat Bar; 2015. 
D. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 

2018. 
E. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2018. 
F. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005 (Revised 

2009). 
G. UL 181 - Standard for Factory-Made Air Ducts and Air Connectors; current edition, including all 

revisions. 
1.04 SUBMITTALS 

A. Product Data:  Provide data for duct materials. 
B. Shop Drawings:  Indicate duct fittings, particulars such as gages, sizes, welds, and 

configuration prior to start of work for round exposed duct systems. 
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. 
C. Duct Shape and Material in accordance with Allowed Static Pressure Range: 
D. Duct Sealing and Leakage in accordance with Static Pressure Class: 
E. 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 tee's, 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 
air foil 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. 
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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. 

F. Regulatory Requirements:  Construct ductwork to comply with SMACNA standards. 
G. Ducts:  Galvanized steel, unless otherwise indicated. 
H. Low Pressure Supply:  2 inch w.g. pressure class, galvanized steel. 
I. General Exhaust:  2 inch w.g. pressure class, galvanized steel. 

2.02 MATERIALS 
A. Galvanized Steel for Ducts:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type 

B, with G60/Z180 coating. 
B. Joint Sealers and Sealants:  Non-hardening, water resistant, mildew and mold resistant. 

1. Type:  Heavy mastic or liquid used alone or with tape, suitable for joint configuration and 
compatible with substrates, and recommended by manufacturer for pressure class of 
ducts. 

2. Surface Burning Characteristics:  Flame spread index of zero and smoke developed index 
of zero, when tested in accordance with ASTM E84. 

C. Hanger Rod:  ASTM A36/A36M; steel, galvanized; threaded both ends, threaded one end, or 
continuously threaded. 

2.03 DUCTWORK FABRICATION 
A. Fabricate and support in accordance with SMACNA (DCS) and as indicated. 
B. Provide duct material, gages, reinforcing, and sealing for operating pressures indicated. 
C. Construct T's, 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 air foil 
turning vanes of perforated metal with glass fiber insulation. 

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

E. Fabricate continuously welded round and oval duct fittings in accordance with SMACNA (DCS). 
2.04 METAL DUCTS 

A. Material Requirements: 
1. Galvanized Steel:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type B, 

with G60/Z180 coating. 
B. Flat Oval Ducts:  Machine made from round spiral lockseam duct. 

1. Manufacture in accordance with SMACNA (DCS). 
2. Fittings:  Manufacture at least two gages heavier metal than duct. 
3. Provide duct material, gages, reinforcing, and sealing for operating pressures indicated. 

C. Round Ducts: Round spiral lockseam duct, galvanized steel, die formed elbows, paintable 
finish. 

D. Flexible Ducts:  UL 181, Class 1, aluminum laminate and polyester film with latex adhesive 
supported by helically wound spring steel wire. 
1. Insulation:  Fiberglass insulation, R6, with aluminized vapor barrier film. 
2. Pressure Rating:  10 inches WG positive and 1.0 inches WG negative. 
3. Maximum Velocity:  4000 fpm. 
4. Temperature Range:  Minus 20 degrees F to 210 degrees F. 



 
 

VA Tech Student Service Building 
Renovation of 2nd and 3rd Floor 
USFA Suites 
Comm. No. 25-11 

23 3100 - 3 HVAC DUCTS AND CASINGS 

 
 

PART 3  EXECUTION 
3.01 INSTALLATION 

A. Install, support, and seal ducts in accordance with SMACNA (DCS). 
B. Install products following the manufacturer's instructions. 
C. Seal ductwork to SMACNA seal Class A. 
D. During construction, provide temporary closures of metal or taped polyethylene on open 

ductwork to prevent construction dust from entering the ductwork system. 
E. Flexible Ducts:  Connect to metal ducts with adhesive and metal draw clamp. 
F. Duct sizes indicated are inside precise dimensions.  For lined ducts, maintain sizes inside 

lining. 
G. Locate ducts with sufficient space around equipment to allow normal operating and 

maintenance activities. 
H. Connect diffusers to low pressure ducts with 5 feet maximum length of flexible duct held in 

place with strap or clamp. 
END OF SECTION 23 3100 
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SECTION 23 3300 
AIR DUCT ACCESSORIES 

PART 1  GENERAL 
1.01 SECTION INCLUDES 

A. Air turning devices/extractors. 
B. Backdraft dampers - metal. 
C. Duct access doors. 
D. Fire dampers. 
E. Flexible duct connectors. 
F. Volume control dampers. 

1.02 RELATED REQUIREMENTS 
A. Section 23 3100 - HVAC Ducts and Casings. 

1.03 REFERENCE STANDARDS 
A. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2018. 
B. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005 (Revised 

2009). 
C. UL 33 - Safety Heat Responsive Links for Fire-Protection Service; Current Edition, Including All 

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

1.04 SUBMITTALS 
A. Product Data:  Provide for shop fabricated assemblies including volume control dampers.  

Include electrical characteristics and connection requirements. 
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 BACKDRAFT DAMPERS - METAL 
A. Multi-Blade, Parallel Action Gravity Balanced Backdraft Dampers:  Galvanized steel, with center 

pivoted blades of maximum 6 inch width, with felt or flexible vinyl sealed edges, linked together 
in rattle-free manner with 90 degree stop, steel ball bearings, and plated steel pivot pin; 
adjustment device to permit setting for varying differential static pressure. 

2.03 DUCT ACCESS DOORS 
A. Fabrication:  Rigid and close-fitting of galvanized steel with sealing gaskets and quick fastening 

locking devices.  For insulated ducts, install minimum 1 inch thick insulation with sheet metal 
cover. 
1. Less Than 12 inches Square:  Secure with sash locks. 
2. Up to 18 inches Square:  Provide two hinges and two sash locks. 
3. Up to 24 by 48 inches:  Three hinges and two compression latches with outside and inside 

handles. 
B. Access doors with sheet metal screw fasteners are not acceptable. 

2.04 FIRE DAMPERS 
A. Fabricate in accordance with NFPA 90A and UL 555, and as indicated. 
B. Curtain Type Dampers:  Galvanized steel with interlocking blades.  Provide stainless steel 

closure springs and latches for horizontal installations or closure under air flow conditions.  
Configure with blades out of air stream. 
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C. 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. 

1. Fabric:  UL listed fire-retardant neoprene coated woven glass fiber fabric to NFPA 90A, 
minimum density 30 oz/sq yd. 

2. Metal:  3 inches wide, 24 gauge, 0.0239 inch thick galvanized steel. 
2.06 VOLUME CONTROL DAMPERS 

A. Fabricate in accordance with SMACNA (DCS) and as indicated. 
B. Single Blade Dampers: 

1. Fabricate for duct sizes up to 6 by 30 inch. 
2. Blade:  24 gauge, 0.0239 inch, minimum. 

C. Multi-Blade Damper:  Fabricate of opposed blade pattern with maximum blade sizes 8 by 72 
inch.  Assemble center and edge crimped blades in prime coated or galvanized channel frame 
with suitable hardware. 
1. Blade:  18 gauge, 0.0478 inch, minimum. 

D. End Bearings:  Except in round ducts 12 inches and smaller, provide end bearings.  On multiple 
blade dampers, provide oil-impregnated nylon, thermoplastic elastomer, or sintered bronze 
bearings. 

E. Quadrants: 
1. Provide locking, indicating quadrant regulators on single and multi-blade dampers. 
2. On insulated ducts mount quadrant regulators on stand-off mounting brackets, bases, or 

adapters. 
PART 3  EXECUTION 
3.01 INSTALLATION 

A. Install accessories in accordance with manufacturer's instructions, NFPA 90A, and follow 
SMACNA (DCS).  See Section 23 3100 for duct construction and pressure class. 

B. Provide backdraft dampers on exhaust fans or exhaust ducts nearest to outside and where 
indicated. 

C. Provide duct access doors for inspection and cleaning before and after filters, coils, fans, 
automatic dampers, at fire dampers, combination fire and smoke dampers, and elsewhere as 
indicated. Provide minimum 8 by 8 inch size for hand access,  16 by 16 inch size for shoulder 
access, and as indicated. Review locations prior to fabrication. 

D. Provide fire 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. 

E. Demonstrate re-setting of fire dampers to Owner's representative. 
F. At fans and motorized equipment associated with ducts, provide flexible duct connections 

immediately adjacent to the equipment. 
G. At equipment supported by vibration isolators, provide flexible duct connections immediately 

adjacent to the equipment. 
H. Provide balancing dampers at points on supply, return, and exhaust systems where branches 

are taken from larger ducts as required for air balancing. 
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I. Provide balancing dampers on duct take-off to diffusers, grilles, and registers, regardless of 
whether dampers are specified as part of the diffuser, grille, or register assembly. Provide on 
supply, return and exhaust systems. 

END OF SECTION 23 3300 
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SECTION 23 3600 
VAV TERMINAL UNITS 

PART 1 GENERAL 
 
1.01 SECTION INCLUDES 

A. Single-duct terminal units. 
1. Single-duct, variable-volume units. 

1.02 REFERENCE STANDARDS 
A. AHRI 880 (I-P) - Performance Rating of Air Terminals; 2011 with Addendum 1. 
B. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014. 
C. SMACNA (SRM) - Seismic Restraint Manual Guidelines for Mechanical Systems; 2008. 

1.03 SUBMITTALS 
A. Product Data: Provide data indicating configuration, general assembly, and materials used in 

fabrication. Include catalog performance ratings that indicate air flow, static pressure, and NC 
designation. Include electrical characteristics and connection requirements. 

PART 2 PRODUCTS 
2.01 SINGLE-DUCT, VARIABLE-VOLUME UNITS 

A. General: 
1. Factory-assembled, AHRI 880 (I-P) rated and bearing the AHRI seal, air volume control 

terminal with damper assembly, flow sensor, externally mounted volume controller, duct 
collars, and all required features. 

2. Control box bearing identification, including but not necessarily limited to nominal cfm, 
maximum and minimum factory-set airflow limits, coil type and coil (right or left hand) 
connection, where applicable. 

B. Unit Casing: 
1. Minimum 22 gage, 0.0299 inch galvanized steel. 
2. Air Inlet Collar: Provide round, suitable for standard flexible duct sizes. 
3. Unit Discharge: Rectangular, with slip-and-drive connections. 
4. Acceptable Liners: 

a. Insulation—The interior surface of the unit casing shall be acoustically and thermally 
lined with a 1-inch, 1.0 lb./ft3 composite density glass fiber with high-density facing 
with 3.8 R-value, UL listed and meets NFPA-90A and UL 181 standards. Covered by 
an interior liner made of 26-gage galvanized steel. All wire penetrations are covered 
by grommets. There shall be no exposed insulation edges, providing complete 
metal encapsulation. 

C. Damper Assembly: 
1. Heavy-gage, galvanized steel or extruded aluminum construction with solid steel, 

nickel-plated shaft pivoting on HDPE, self-lubricating bearings. 
2. Provide integral position indicator or alternative method for indicating damper position over 

full range of 90 degrees. 
3. Incorporate low leak damper blades for tight airflow shutoff. 

D. Heating Water Coil: 
1. Provided by the terminal unit manufacturer. 
2. Copper tubes, aluminum fins. 
3. Installed on outlet of terminal unit. 

E. Control Transformers: Factory supplied and mounted. 
PART 3 EXECUTION 
3.01 INSTALLATION 
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A. Install in accordance with manufacturer's instructions. 
B. Install the inlets of air terminal units and air flow sensors a minimum of four duct diameters from 

elbows, transitions, and duct takeoffs. 
C. Provide ceiling access doors or locate units above easily removable ceiling components. 
D. Support units individually from structure in accordance with SMACNA (SRM). See Section 23 

0529. 
E. Do not support from ductwork. 
F. Verify that electric power is available and of the correct characteristics. 
 

END OF SECTION 23 3600 
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SECTION 23 3700 
AIR OUTLETS AND INLETS 

PART 1  GENERAL 
1.01 SECTION INCLUDES 

A. Supply Diffusers: 
B. Return Grilles 

1.02 REFERENCE STANDARDS 
A. SMACNA (ASMM) - Architectural Sheet Metal Manual; 2012. 

1.03 SUBMITTALS  
A. Product Data:  Provide data for equipment required for this project.  Review outlets and inlets 

as to size, finish, and type of mounting prior to submission.  Submit schedule of outlets and 
inlets showing type, size, location, application, and noise level. 

PART 2  PRODUCTS 
2.01 MANUFACTURERS 

A. Metal-aire, Price, Krueger. 
2.02 SQUARE PERFORATED FACE CEILING DIFFUSERS (CD) 

A. Type:  Metalaire model CDPF-NCB, square, perforated face, round neck. Neck mounted, 
curved blade pattern deflectors for adjustable airflow patterns, and four way throw unless 
indicated otherwise. Perforated face flush with ceiling. 

B. Connections:  Round. 
C. Frame:  Provide T-bar lay-in type based on ceiling. Provide surface mount type for gypboard 

ceilings. 
D. Fabrication:  Steel with baked enamel finish. 
E. Accessories:  Provide opposed blade volume control damper and equalizing grid. 

2.03 CEILING PERFORATED FACE RETURN GRILLE (CG) 
A. Type:  Metalaire model CDPF-R, square, perforated face, round neck. Return grilles to match 

the appearance of supply diffusers. Perforated face flush with ceiling. 
B. Fabrication:  Steel with baked enamel finish. 
C. Frame:  Provide T-bar lay-in type based on ceiling. Provide surface mount type for gypboard 

ceilings. 
D. Accessories:  Provide integral, gang & face operated opposed blade damper. 

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. 
C. Install surface mounted exhaust registers and transfer grilles in center of ceiling tile. 
D. Install diffusers to ductwork with air tight connection. 
E. Provide balancing dampers on duct take-off to diffusers, and grilles and registers, despite 

whether dampers are specified as part of the diffuser, or grille and register assembly. 
F. Paint ductwork visible behind air outlets and inlets matte black, see Section 09 9123. 

END OF SECTION 23 3700 
 




