DIVISION 23 - HEATING, VENTILATING AND AIR CONDITIONING
Section 23 31 00 - Ducts


READ THIS FIRST
Notice to the Design Engineer, please refer to the Port of Seattle, Facilities and Infrastructure standards for reference before editing this specification.

This Project Spec Document may need additional modifications to suit your project. It is recommended that you proofread each section, paying attention to any “Notes” boxes such as this one--you should remove these “Notes” sections as you go. Also, do a search for all bracket characters “[ ]” as they are used to show you areas containing options or project specific details (you can use Microsoft Word’s Find feature {Ctrl-F} to jump to an open bracket “[ ]” character quickly). Again, these bracket characters should be removed.

It is important that every paragraph be numbered to allow for easy referencing. If you use the document’s built in styles and formatting your outline should be fine (turn on the formatting toolbar by going to View > Toolbars > Formatting). Most paragraphs will use the style “Numbered Material” and can be promoted (Shift) or demoted (Shift-Tab).

You should not have to manually enter extra spaces, carriage returns or outline characters such as A, B, C, or 1.01, 1.02; the formatting will do this for you. The entire document is 11 pt. Arial. If you paste items in, you may need to reapply the “Numbered Material” format. Adhere to Port of Seattle Master Guide Specification Format Standard when editing this guide specification or preparing new project specification sections. Edit this guide specification for project specific requirements by adding, deleting, or revising text. For bracketed items, choose applicable items(s) or insert appropriate information. Remove information and requirements not required in respective project, whether or not brackets are present.  
PART 1   GENERAL

1.1 SUMMARY OF WORK
A. The extent and location of “Ducts” Work is shown in the Contract Documents.  Section includes metal ductwork, nonmetallic ductwork, casing and plenums, buried ductwork, kitchen hood ductwork, duct cleaning, back-draft dampers, combination fire-and-smoke dampers, duct access doors, fire dampers, smoke dampers, volume control dampers, flexible duct connections and duct test holes. These standards apply to the installation of supply, return, outdoor and exhaust air ductwork, accessories and terminal units.
1.2 GOVERNING CODES, STANDARDS AND REFERENCES
List reference standards that are included within the text of this section. Edit the following as required for project conditions.

A. The publications listed below form a part of this specification to the extent referenced. The publications are referred to within the text by the basic designation only.
1. ACGIH (American Conference of Governmental Industrial Hygienists)

a. Section 8

2. ANSI (American National Standards Institute)

3. ASHRAE (American Society of Heating, Refrigerating and Air Conditioning Engineers)

4. ASTM (American Society for Testing and Materials)

a. ASTM A90 - Weight of Coating on Zinc-Coated (Galvanized) Iron or Steel Articles.

b. ASTM A167 - Stainless and Heat-Resisting Chromium-Nickel Steel Plate, Sheet, and Strip.

c. ASTM A366 - Steel, Sheet, Carbon, Cold Rolled, Commercial Quality.

d. ASTM A568 - Steel, Sheet, Carbon, and High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled.

e. ASTM A569 - Steel, Carbon (0.15 Maximum, Percent), Hot-Rolled Sheet and Strip, Commercial Quality.

f. ASTM B209 - Aluminum and Aluminum-Alloy Sheet and Plate.

g. ASTM C14 - Concrete Sewer, Storm Drain, and Culvert Pipe.

h. ASTM C443 - Joints for Circular Concrete Sewer and Culvert Pipe, Using Rubber Gaskets.

5. AABC (Associated Air Balance Council)

6. NFPA (National Fire Protection Association)

a. NFPA 90A - Installation of Air Conditioning and Ventilating Systems.

b. NFPA 90B - Installation of Warm Air Heating and Air Conditioning Systems.

c. NFPA 92A - Smoke Control Systems.

d. NFPA 96 - Installation of Equipment for the Removal of Smoke and Grease-Laden Vapors from Commercial Cooking Equipment.

7. SMACNA (Sheet Metal and Air Conditioning Contractors’ National Association)

a. SMACNA - HVAC Air Duct Leakage Test Manual.

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

8. UL (Underwriters Laboratories, Inc.)

a. UL 181 - Factory-Made Air Ducts and Connectors.

b. UL 33 - Heat Responsive Links for Fire Protection Service.

9. UMC (Uniform Mechanical Code)

a. Uniform Mechanical Code

10. AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

a. AISC 325 (2011) Steel Construction Manual

11. AMERICAN WELDING SOCIETY (AWS)

a. AWS A5.8/A5.8M (2011) Specification for Filler Metals for Brazing and Braze Welding

1.3 PERFORMANCE REQUIREMENTS

Use this article carefully; restrict statements to identify system performance requirements or function criteria only.

A. No variation of duct configuration or sizes other than those of equivalent or lower loss coefficient is permitted except by written authorization from the Engineer. Size round ducts installed in place of rectangular ducts in accordance with ASHRAE fundamentals table of equivalent rectangular and round ducts.

1.4 SUBMITTALS
Only request submittals needed to verify compliance with Project requirements.

A. Submit materials data in accordance with of Section 01 33 00 - Submittals. Furnish manufacturers’ technical literature, standard details, product specifications, and installation instructions.
B. Submittals shall include the following:
1. Shop Drawings: Indicate duct fittings, gages, sizes, welds, and configuration for w.g. pressure class and higher, kitchen hood exhaust. Product Data: Submit data for duct materials, duct liner and duct connectors.

2. Manufacturer's Installation Instructions: Submit for Smoke and Fire Dampers.

3. Manufacturer's Certificate: Certify that products meet or exceed specified requirements.

Include the following paragraph for submission of physical samples for selection of finish, color, texture, etc.

4. Test Reports: Submit pressure test reports, including date, section tested, test pressure, and leakage rate, following SMACNA HVAC Air Duct Leakage Test Manual.

5. Manufacturer's Installation Instructions: Submit special procedures for glass fiber ducts.

1.5 QUALITY ASSURANCE
A. Perform Work in accordance with SMACNA - HVAC Duct Construction Standards - Metal and flexible.

Use NFPA 90B for spaces not exceeding 25,000 cu. ft., and buildings of combustible construction up to three stories in height. Use NFPA 96 for commercial kitchens.

B. Construct ductwork to NFPA 90A and NFPA 90B and NFPA 96 standards.

Include the following paragraph only when the costs of acquiring the specified standards are justified.

C. Maintain one copy of each document on site.

1.6 QUALIFICATIONS
A. Manufacturer: Company specializing in manufacturing products specified in this section with minimum three years [documented] experience.

B. Installer: Company specializing in performing Work of this section with minimum
1.7 DELIVERY, STORAGE, AND HANDLING
A. Protect ductwork from damage, dirt, moisture, etc. at all times.

1.8 ENVIRONMENTAL REQUIREMENTS
A. Do not install duct sealant when temperatures are less than those recommended by sealant manufacturers.

B. Maintain temperatures during and after installation of duct sealant.

1.9 FIELD MEASUREMENTS
A. Verify field measurements prior to fabrication.

PART 2   PRODUCTS
A.
If only one product is acceptable (single or sole source product), obtain an approved Competition Waiver and submit to the CPO Construction, Contract Administrator.  The language shall read as: “Manufacturer Name, Product # XXXXX, No Equal.”  Refer to CPO-6 Competition Waiver Policy for more information.

B.
If a Competition Waiver is not approved or more than one product is acceptable, this section must list a minimum of 2 products plus the language “Or Approved Equal,” along with salient characteristics.  Refer to CPO Construction’s Salient Characteristics Guidelines for more information.

2.1 DUCTWORK FABRICATION
A. Fabricate and support in accordance with SMACNA HVAC Duct Construction Standards - Metal and Flexible, and as indicated. Provide duct material, gages, reinforcing, and sealing for operating pressures indicated.

OR

Replace A with the next 3 sections

B. Ductwork

1. Comply with most stringent requirements and recommendations of Uniform Mechanical Code, [ASHRAE Handbook] and SMACNA (Sheet Metal and Air Conditioning Contractors National Association) Duct Construction Standards for fabrication, construction and sealant of duct, fittings, and accessories.  
C. Industrial Ductwork

1. Comply with most stringent requirements and recommendations of Uniform Mechanical Code and Industrial Ventilation, American Conference of Governmental Industrial Hygienists (ACGIH), Section 8 for fabrication, construction and sealant of duct, fittings and accessories.
D. Construct T's, bends, and elbows with [minimum radius 1-1/2 times centerline duct width] [standard radius]. Where not possible and where [rectangular] [square] elbows are used, provide [airfoil] turning vanes. Where acoustical lining is indicated, provide turning vanes of perforated metal with glass fiber insulation. [Square turn elbows with double blade turning vanes.]
E. Increase duct sizes gradually, [not exceeding 15 degrees divergence wherever possible; maximum 30 degrees] [15 degrees maximum] divergence upstream of equipment and 45 degrees convergence downstream.  
F. Fabricate continuously welded round and oval duct fittings two gages heavier than duct gages indicated in SMACNA Standard. Minimum 4 inch cemented slip joint, brazed or electric welded. Prime coat welded joints.

G. Provide standard 45-degree lateral wye takeoffs unless otherwise indicated where 90-degree conical tee or bellmouth connections may be used.

OR

H. All round duct takeoffs from round mains shall be made with conical tees. All round duct takeoffs from rectangular mains shall be made with bellmouth fittings.

I. Crossbreaking shall be outward for all supply ducts and inward for all return or exhaust ducts. All ductwork over 12 inches in either direction shall be cross-broken.
J. No turning vanes shall be installed upstream of any fans.
2.2 DUCT MATERIALS SHEET METAL MATERIALS
Edit to suit Project requirements. G60 coating, 0.60 oz/sq. ft. total for two sides is standard.

A. Galvanized Steel Ducts: ASTM A653 and ASTM A653M galvanized steel sheet, lock-forming quality, having [G60] [G90] zinc coating in conformance with ASTM A90.

B. Steel Ducts: ASTM [A366] [A569] [A568].

C. Aluminum Ducts: ASTM B209; aluminum sheet, alloy 3003-H14. Aluminum Connectors and Bar Stock: Alloy 6061- T6 or of equivalent strength. Use for ductwork carrying very moist air (e.g.: shower exhausts), indicate where required. Aluminum Sheets:  ASTM B 209, Alloy 3003, Temper H14, sheet form with standard, one-side bright finish for ducts exposed to view and with mill finish for concealed ducts.  
Use stainless steel ducting for kitchen hoods, etc. where aesthetics are important, indicate where required

D. Stainless Steel Ducts: ASTM [A480] [A480M], [Type 316, sheet form with No.4 finish] [Type 304, sheet form with No. 1 finish].

E. Fasteners: Rivets, bolts, or sheet metal screws.

F. Hanger Rod: ASTM A36; steel [, galvanized], threaded both ends, threaded one end, or continuously threaded.

2.3 ACOUSTICAL TREATMENT (DUCT LINING)
A. One inch thick, 1-1/2 pound density, semi-rigid fiberglass duct liner attached with fire-resistant adhesive and welded pin fasteners with NC-1 nylon stop clips and adhesive strips at all butt joints. Duct dimensions shown are net air side face-to-face of attenuation material. Manville, CertainTeed, Owens Corning, Or Approved Equal.  
OR

B. Fiberglass of 1 inch thickness and 1-1/2 pound density with a vinyl coating in accordance with SMACNA Duct Construction standard Plate 48. Materials shall meet the requirements of NFPA Standard 90-A and shall be suitable for operating velocities up to 2000 fpm. Manville, CertainTeed, Owens Corning, Or Approved Equal.  
OR

C. Indoor Ductwork: Fiberglass, 1 inch thickness and 1-1/2 pound density, in accordance with requirements of NFPA Standards 90-A and 90-B and suitable for operating velocities to 4000 fpm.  
D. Outdoor Ductwork: Fiberglass, 1-1/2 inch thickness and 3 pound density, vinyl coated, in accordance with requirements of NFPA Standard 90-A and suitable for operating velocities to 4000 fpm.  Manville, CertainTeed, Owens Corning, Or Approved Equal.  
2.4 NON-INSULATED FLEXIBLE DUCTS

A. Flexible duct shall be UL labeled and complete with vapor barrier. Owens-Corning, Thermaflex, Wiremold, Flexaust, Or Approved Equal.  

B. Two ply vinyl film supported by helical wound spring steel wire.

1. Pressure Rating: 10 inches w.g. positive and 1 inch w.g. negative.

2. Maximum Velocity: 4000 fpm.

3. Temperature Range: -10 degrees F to 160 degrees F.

OR

C. UL labeled, black polymer film supported by helical wound spring steel wire.

1. Pressure Rating: 4 inches wg positive and 1/2 inch wg negative.

2. Maximum Velocity: 4000 fpm.

3. Temperature Range: -20 degrees F to 175 degrees F.

OR

D. UL labeled multiple layers of aluminum laminate supported by helical wound spring steel wire.

1. Pressure Rating: 10 inches w.g. positive and 1 inch negative.

2. Maximum Velocity: 4000 fpm.

3. Temperature Range: -20 degrees F to 210 degrees F.

OR

E. UL 181, Class 1, aluminum laminate and polyester film with latex adhesive supported by helical-wound spring steel wire.

1. Pressure Rating: 10 inches w.g. positive and 1 inch w.g. negative.

2. Maximum Velocity: 4000 fpm.

3. Temperature Range: -20 degrees F to 210 degrees F.

OR

F. UL 181, Class 0, interlocking spiral of aluminum foil.

1. Pressure Rating: 8 inches wg positive or negative.

2. Maximum Velocity: 5000 fpm.

3. Temperature Range: -100 degrees F to 432 degrees F.

OR

G. UL labeled, complete with aluminum flexible interior liner, and exterior vapor barrier.

2.5 INSULATED FLEXIBLE DUCTS

A. Two ply vinyl film supported by helical wound spring steel wire; fiberglass insulation; [polyethylene] [aluminized] vapor barrier film.

1. Pressure Rating: 10 inches wg positive and 1 inch w.g. negative.

2. Maximum Velocity: 4000 fpm.

3. Temperature Range: -10 degrees F to 160 degrees F.

OR

B. Black polymer film supported by a helical-wound spring steel wire; fiberglass insulation; [polyethylene] [aluminized] vapor barrier film.

1. Pressure Rating: 4 inches wg positive and 1/2 inch wg negative.

2. Maximum Velocity: 4000 fpm.

3. Temperature Range: -20 degrees F to 175 degrees F.

OR

C. Multiple layers of aluminum laminate supported by helical wound spring steel wire; fiberglass insulation; [polyethylene] [aluminized] vapor barrier film.

1. Pressure Rating: 10 inches wg positive and 1 inch negative.

2. Maximum Velocity: 4000 fpm.

3. Temperature Range: -20 degrees F to 210 degrees F.

OR

D. UL 181, Class 1, aluminum laminate and polyester film with latex adhesive supported by helical wound spring steel wire; fiberglass insulation; [polyethylene] [aluminized] vapor barrier film.

1. Pressure Rating: 10 inches w.g. positive and 1 inch wg negative.

2. Maximum Velocity: 4000 fpm.

3. Temperature Range: -20 degrees F to 210 degrees F.

OR

E. UL 181, Class 0, interlocking spiral of aluminum foil; fiberglass insulation; [polyethylene] [aluminized] vapor barrier film.

1. Pressure Rating: 8 inches wg positive or negative.

2. Maximum Velocity: 5000 fpm.

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

OR

4. UL labeled, complete with aluminum flexible interior liner, 1 inch insulation and exterior vapor barrier.
2.6 FLAT OVAL DUCTS
A. Machine made from round spiral lock-seam duct with light reinforcing corrugations; fittings manufactured of at least two gages heavier metal than duct.

2.7 DOUBLE WALL INSULATED FLAT OVAL DUCTS
A. Machine made from round spiral lock-seam duct with light reinforcing corrugations, galvanized steel outer wall, 1 inch thick fiberglass insulation, perforated galvanized steel inner wall; fittings manufactured with solid inner wall.
2.8 PVC COATED STEEL DUCTS

A. UL 181, Class 1, galvanized steel duct coated with polyvinyl chloride plastic, 4 mil. thick on [outside and 2 mil. thick on inside.] [both sides.]  
2.9 DOUBLE WALL INSULATED ROUND DUCTS
A. Round spiral lock-seam duct with galvanized steel outer wall, 1 inch thick fiberglass insulation, [perforated] galvanized steel inner wall; fitting with solid inner wall.
2.10 SLAB DUCT VENTILATION SYSTEM

A. ASTM A527 galvanized steel, corrugated, with support brackets, connecting couplings, elbows, end caps, spin-in-collar, wall discharge head, and soffit discharge head; designed for installation in cast-in-place concrete floor assemblies.  
2.11 TRANSVERSE DUCT CONNECTION SYSTEM
A. [SMACNA "E" rated] [SMACNA "F" rated] [or] [SMACNA "J" rated] rigidity class connection, interlocking angle and duct edge connection system with sealant, gasket, cleats, and corner clips.

2.12 CASINGS
A. Fabricate casings in accordance with SMACNA HVAC Duct Construction Standards - Metal and Flexible and construct for operating pressures indicated.

B. Mount floor mounted casings on [4] [___] inch high concrete curbs. At floor, rivet panels on 8 inch centers to angles. Where floors are acoustically insulated, provide liner of 18 gage galvanized expanded metal mesh supported at 12 inch centers, turned up 12 inches at sides with sheet metal shields.

C. Reinforce access door frames with steel angles tied to horizontal and vertical plenum supporting angles. Install hinged [18 gage minimum] access doors where indicated or required for access to equipment for cleaning and inspection. [Provide clear wire glass observation ports, minimum 6 x 6 inch size.]

D. Fabricate acoustic casings with reinforcing turned inward. Provide 16 gage back facing and 22 gage perforated front facing with 3/32 inch diameter holes on 5/32 inch centers. Construct panels 3 inches thick packed with 4 1/2 lb./cu. ft. minimum glass fiber media, on inverted channels of 16 gage.  

2.13 FIBROUS GLASS DUCTS

A. Not allowed.

OR

B. Fabricate in accordance with SMACNA Fibrous Glass Duct Construction Standards, except as indicated.

OR

C. Fibrous Glass Ducts: UL 181; [1 inch] [1-1/2 inch] thick rigid glass fiber with aluminum foil, glass scrim and Kraft or plastic jacket vapor barrier; maximum 0.23 K factor at 75 degrees F.

D. Pressure sensitive tape, UL labeled. [2 inch wide pressure sensitive tape, UL labeled.]

E. Machine-fabricate fibrous glass ducts and fittings. Make only minor on site manual adjustments.

F. Staple duct joints and tape with UL labeled [3 inch wide 2 mil. thick pressure sensitive] [2 inch wide 3 mil. thick pressure sensitive] [3 inch wide heat activated chemical bonding] [aluminum] tape

G. Do not use fibrous glass ducts within 12 inches of electric or fuel fired heaters.

H. All exposed metal fittings shall be insulated to the same thickness as adjoining fiberglass ductwork.

I. Fiberglass ductwork shall be UL labeled and labeled, and shall be Manville Micro-Aire, Owens-Corning Type 1400-FR, Or Approved Equal.  
2.14 BURIED UNDERGROUND DUCTS

A. Not allowed.

OR

B. Buried ducts shall be [concrete encased sheet metal] [PVC jacketed sheet metal] [fiberglass reinforced plastic] [concrete] [ Requirements: Manufactured from polyester impregnated fiberglass strands, filaments wound with a glass resin ratio of 50%-50%, internally insulated with 1/4 inch polyurethane foam, wet type joints] as indicated.

OR

C. Fabricate metal ductwork in accordance with SMACNA Duct Construction Standards, except as indicated. Fabricate using two gages heavier material than indicated for 2 inch wg pressure class.

2.15 KITCHEN HOOD EXHAUST DUCTWORK

A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - Metal and Flexible and NFPA 96.

B. Construct of 18 gage stainless steel, using continuous external welded joints.  
2.16 BACKDRAFT DAMPERS
A. Product Description: Gravity back-draft dampers, size [18 x 18 inches] [___] or smaller, furnished with air moving equipment per equipment manufacturers’ standard construction.

B. Manufacturers:  Ruskin, Prefco, American Warming & Ventilation, Or Approved Equal.

C. Multi-Blade, back-draft dampers: Parallel-action, gravity-balanced, galvanized [16 gage thick steel], [or] [extruded aluminum]. Blades, maximum 6 inch width, [center pivoted], with felt or flexible vinyl sealed edges. Blades linked together in rattle-free manner with 90 degree stop, steel ball bearings, and plated steel pivot pin. Provide dampers with adjustment device to permit setting for varying differential static pressure.

D. Automatic Backdraft Dampers: Neoprene blade.

E. Counterbalanced Backdraft Damper: Aluminum blades, adjustable counterweights with felt edges.

2.17 COMBINATION FIRE AND SMOKE DAMPERS
A. Manufacturers:  Ruskin, Prefco, Air Balance Inc., National Controlled Air, Cesco, Or Approved Equal.  
B. Fabricate and install in accordance with NFPA 90A, UL 555, and UL 555S.

C. Multiple-Blade Dampers: Fabricate with 16 gage galvanized steel frame and blades. Provide oil-impregnated bronze or stainless steel sleeve bearings and plated steel axles, stainless steel jamb seals, 1/8 x 1/2 inch plated steel concealed linkage, stainless steel closure spring, blade stops, and lock, and 1/2 inch actuator shaft.

D. Operators: UL listed and labeled spring return [Pneumatic type suitable for operation on 0-20 psig instrument air.] [Electric type suitable for 120 volts, single phase, 60 Hz.] [Provide end switches to indicate damper position.] Locate damper operator on [interior] [exterior] of duct and link to damper operating shaft.

E. Normally Closed Smoke Responsive Fire Dampers: Curtain type, opening by gravity upon actuation of electro thermal link, flexible stainless steel blade edge seals to provide constant sealing pressure.

F. Normally Open Smoke Responsive Fire Dampers: Curtain type, closing upon actuation of electro thermal link, flexible stainless steel blade edge seals to provide constant sealing pressure, stainless steel springs with locking devices [to ensure positive closure for units mounted horizontally].

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

2.18 DUCT ACCESS DOORS
A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - Metal and Flexible, and as indicated.

B. Fabrication: Rigid and close fitting of galvanized steel with sealing gaskets and quick fastening locking devices. For insulated ductwork, install minimum 1 inch thick insulation with sheet metal cover.

C. Less than 12 inches square, secure with sash locks.

D. Up to 18 inches Square: Provide two hinges and two sash locks.

E. Up to 24 x 48 inches: Three hinges and two compression latches [with outside and inside handles].

F. Larger Sizes: Provide an additional hinge.

Engineer to add two approved manufacturers/product numbers for Sash Lock.  A minimum of two items is required otherwise a competition waiver is required.  
G. Sash Lock: Model [___] Manufactured by [___], Model [___] Manufactured by [___], Or Approved Equal.  
Engineer to add two approved manufacturers/product numbers for Compression Latch.  A minimum of two items is required otherwise a competition waiver is required.  
H. Compression Latch: Model [___] Manufactured by [___], Model [___] Manufactured by [___], Or Approved Equal.  
Engineer to add two approved manufacturers/product numbers for Hinge.  A minimum of two items is required otherwise a competition waiver is required.  
I. Hinge: [Butt hinge] Model [___] Manufactured by [___], Model [___] Manufactured by [___], Or Approved Equal.  
J. Access panels with sheet metal screw fasteners are not acceptable.

2.19 FIRE DAMPERS

A. Provide in accordance with NFPA 90A and UL 555, and manufacturer’s condition of listing. Dampers shall be permanently marked for use in [static] [dynamic] systems.

OR

Use the following paragraph only with special permission of SeaTac building official as standard for SeaTac is Smoke/Fire Damper.  

B. Constructed and tested in accordance with ANSI Z233.1 (UL 555) and with UL label for 1-1/2 hour rating, 160-l65 degree fusible link, blades mounted out of the airstream. Provide 3 additional spare fusible links of each type installed.

C. Ceiling Dampers: Galvanized steel, 22 gage frame and 16 gage flap, two layers 0.125 inch ceramic fiber on top side [, and one layer on bottom side for round flaps], with locking clip.

D. Horizontal Dampers: Galvanized steel, 22 gage frame, stainless steel closure spring, and lightweight, heat retardant non-asbestos fabric blanket.

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

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

The separation temperatures indicated here are industry standards for fire dampers. Other links are available for special applications.  
G. Fusible Links: UL 33, separate at [160] [212] [___] degrees F with adjustable link straps for combination fire/balancing dampers.
2.20 SMOKE DAMPERS
A. Fabricate in accordance with NFPA 90A and UL 5555 and as indicated.

B. Dampers: UL Class 1 [curtain] [multiple blade] type fire damper, normally [open] [closed] automatically operated by [pneumatic] [electric] actuator.

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

2.21 VOLUME CONTROL DAMPERS
A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - Metal and Flexible, and as indicated.

B. Dampers shall be single blade for ducts up to 12 inches high opposed for over 12 inches high.

The construction of splitter dampers is not contained within the SMACNA manual because their use is not recommended by SMACNA. Experience shall dictate some variations in size and gage.

C. Splitter Dampers:

1. Material: Same gage as duct to 24 inches size in either direction, and two gages heavier for sizes over 24 inches.

2. Blade: Fabricate of [single] [double] thickness sheet metal to streamline shape, secured with continuous hinge or rod.

Engineer to add two approved manufacturers/product numbers for Operator.  A minimum of two items is required otherwise a competition waiver is required.  
3. Operator: Minimum 1/4 inch diameter rod in self aligning, universal joint action, flanged bushing with set screw; Model [___] Manufactured by [___], Model [___] Manufactured by [___], Or Approved Equal.  
4. Single Blade Dampers: Fabricate for duct sizes up to [6 x 30 inch] [12 x 48 inch] [___].  

D. Multi-Blade Damper: Fabricate of opposed blade pattern with [22 gage minimum galvanized] blade, maximum sizes [8 x 72 inch] [10 x 50]. Assemble center and edge crimped blades in prime coated or galvanized frame channel with suitable hardware. Blades shall have neoprene gasketed edges. Ruskin, Prefco, Air Balance Inc., National Controlled Air, Cesco, Or Approved Equal.  
SMACNA manuals do not have a standard requirement for bearings.

Engineer to add two approved manufacturers/product numbers for End Bearings.  A minimum of two items is required otherwise a competition waiver is required.  
E. End Bearings: Except in round ductwork [12] [___] inches and smaller, provide end bearings. On multiple blade dampers, provide oil-impregnated nylon or sintered bronze bearings. Provide closed end bearings on all ducts having a pressure classification over 2 inches wg; Model [___] Manufactured by [___], Model [___] Manufactured by [___], Or Approved Equal.  
F. Quadrants:

1. Provide locking, indicating quadrant regulators on single and multi-blade dampers.

2. On insulated ducts mount quadrant regulators on standoff mounting brackets, bases, or adapters.

3. Where rod lengths exceed 30 inches provide regulator at both ends.

Engineer to add two approved manufacturers/product numbers for quadrant regulators.  A minimum of two items is required otherwise a competition waiver is required.  
4. Model [___] Manufactured by [___], Model [___] Manufactured by [___], Or Approved Equal.  
2.22 REMOTE DAMPER OPERATOR
A. 3/8-inch concealed adjustable cover regulator, chrome plated cover. 
2.23 FLEXIBLE DUCT CONNECTIONS
A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - Metal and Flexible, and as indicated.

B. Connector: Fabric crimped into metal edging strip.

1. Fabric: UL listed fire-retardant [water resistant] [airtight] neoprene coated woven glass fiber fabric conforming to NFPA 90A, minimum density [30] [32] [___] oz. per sq. yd. [Ventfabrics, Thermaflex Type M-KC, Manville, Micro-Aire J/FLX, Or Approved Equal].  
2. Net Fabric Width: Approximately [2] [3] [6] inches wide.

3. Metal: [3 inch] [___] wide, [24 gage] [___] [galvanized steel] [___].

4. Manufacturers: Durodyne, Ventfabrics, Elgen, Or Approved Equal.  
Coordinate the following material with the use defined in Part 3 - Installation.  

5. Leaded Vinyl Sheet: Minimum 0.55 inch thick, 0.87 lbs. per sq. ft., 10 dB attenuation in 10 to 10,000 Hz range.

2.24 DUCT TEST HOLES
A. Temporary Test Holes: Cut or drill in ducts as required. Cap with neat patches, neoprene plugs, threaded plugs, or threaded or twist-on metal caps.

B. Permanent Test Holes: Factory fabricated, air tight flanged fittings with screw cap. Provide extended neck fittings to clear insulation.

2.25 MANOMETER
A. Combination inclined/vertical, molded plastic construction, leveling vial, zero-set adjustment and fill reservoir. -0.05 inch to 7 inch water gage.  
B. Inclined for up to 2 inch water gage, vertical over 2 inch water gage. Acrylic plastic body mounted on steel mounting panel; adjustable reflective chrome finish scales with locking screw. Scale indication to 125% of filter pressure.

2.26 SOUND TRAPS
A. Manufacturers: IAC, Rink, Dyna Sonics, Air Buesnsod, Gale, Or Approved Equal.  
B. 22 gage galvanized steel outer casing, 26 gage perforated steel inner surface and glass fiberfill. Units tested in accordance with ASTM E477.

2.27 AIR EXTRACTORS
A. Air extractors shall be and shall have synchronized steel, adjustable, curved extractor blades, heavy side rails and a [screw] [rotating] operator. Furnish on the takeoff from the main duct adjacent to a diffuser or grille where a splitter is not used. [Carnes Type RXVA3, Style 3, Titus Type AG-45, Or Approved Equal.]  
PART 3   EXECUTION

3.1 EXAMINATION
A. Verify sizes of equipment connections before fabricating transitions.  
3.2 INSTALLATION
A. Install and seal ducts in accordance with [SMACNA HVAC Duct Construction Standards - Metal and Flexible] [ACGIH] [UMC].

B. Install fibrous glass ducts in accordance with SMACNA Fibrous Glass Duct Construction Standards. Obtain manufacturer's inspection and acceptance of fabrication and installation at beginning of installation.

C. Seal ductwork seams and joints per SMACNA seal class 'B'. Seal transverse joints per seal class 'D'.

D. In addition to requirements of SMACNA and ACGIH, seal all seams and joints of all exposed supply, exhaust and return air ductwork in finished rooms airtight with caulk. Wash exposed surfaces with vinegar solution and make suitable for painting.

E. Ducts shall conform accurately to dimensions indicated, which are net dimensions. Make proper allowances for thickness of sound insulation where called for on the inside of ducts.

F. Drawings do not attempt to show all offsets in ductwork. Make such offsets, as necessary for installation of Work, without additional cost.

G. Ducts passing through partitions or floors shall have either one inch clearance or shall be insulated from structure with a minimum 1/4 inch, fire-resistant cloth. Where required to prevent noise transmission, openings shall be sealed with fire-resistant cloth. Provide flanged sheet metal enclosure. Refer to Section 20 07 00 - Mechanical Insulation for other insulation requirements.

H. Flashing of ductwork through roof shall be considered as part of the Work of this section. Refer to Section 07 60 00 - Flashing and Sheet Metal.

I. Provide lining on all fresh-air ductwork, mixed-air plenums, the initial 20 feet of supply duct from fans, the initial 15 feet from the inlet of return fans and as otherwise indicated on the drawings. Glue and pin in accordance with manufacturer's recommendations.

J. Ducts exposed to weather shall have one inch duct lining and all joints sealed watertight with silicone. Anchor supports through pitch pockets. Refer to Section 07 60 00 - Flashing and Sheet Metal and Section 07 92 00 - Joint Sealers.

K. During construction provide temporary closures of metal or taped polyethylene on open ductwork to prevent construction dust from entering ductwork system.

L. Use crimp joints [with] [without] beaded sleeve couplings for joining round duct sizes [8] [___] inch and smaller.

M. Use double nuts and lock washers on threaded rod supports.

N. Slope buried (underground) ducts to plenums or low pump out points at 1:500. Provide access doors as shown on per drawings for inspection.

O. Paint buried metal ductwork without factory jacket with one coat [and seams and joints with additional coat] of asphalt base protective coating.

P. Install buried ductwork with watertight joints in accord with manufacturer's written instructions. Bed and backfill in accord with manufacturer's written recommendations.

Q. Connect flexible ducts to metal ducts with [adhesive.] [liquid adhesive plus tape.] [draw bands.] [clamps and duct sealer] [adhesive plus sheet metal screws.]

R. Install flexible ducting in full extended condition free of sags and kinks. Use minimum length required to make connection. Length shall not exceed 6 feet. Suspend on 36 inch centers.

S. Set plenum doors 6 to 12 inches above floor. Arrange door swing so that fan static pressure holds door in closed position.

T. Provide residue traps in kitchen hood exhaust ducts at base of vertical risers with provisions for clean out. Use stainless steel for ductwork exposed to view and stainless steel or carbon steel for ducts where concealed.

U. Use only non-combustible sealants and tapes.

V. Isolate joints between dissimilar metals with a fiber gasket.  

Indicate fire dampers on the Drawings. "Where required by codes or authorities" is not good practice and shall not be accepted by review authorities.  
W. Provide fire dampers [, combination fire and smoke dampers] [and smoke dampers] at locations indicated on contract drawings. Install with required perimeter mounting angles, sleeves, breakaway duct connections, corrosion resistant springs, bearings, bushings and hinges.

X. Install smoke dampers and combination smoke and fire dampers in accordance with NFPA 92A.9.
3.3 INTERFACE WITH OTHER PRODUCTS
A. Provide openings in ductwork where required to accommodate thermometers and controllers. Provide Pitot tube openings where required for testing of systems, complete with metal can with spring device or screw to ensure against air leakage. Where openings are provided in insulated ductwork, install insulation material inside a metal ring.

B. Connect diffusers or light troffer boots to ducts [directly or] with 5 feet maximum length of flexible duct held in place with strap or clamp.

C. Connect terminal units to supply ducts [directly or] with five foot maximum length of flexible duct. Do not use flexible duct to change direction.

3.4 CLEANING
A. Section 01 74 00 - Cleaning.

B. Clean duct system and force air at high velocity through duct to remove accumulated dust. To obtain sufficient air, clean half the system at a time. Protect equipment that may be harmed by excessive dirt with temporary filters, or bypass during cleaning.  

Use the following only on large systems.  
C. Clean duct systems with high power vacuum machines. Protect equipment that may be harmed by excessive dirt with filters, or bypass during cleaning. Provide adequate access into ductwork for cleaning purposes.

3.5 TESTS
A. Functionally test ductwork and permanently seal leaks.

OR

B. Ductwork:

1. Upon completion of installation and prior to balancing, insulating and acceptance, subject ventilating system to such operating tests required by the Engineer to demonstrate satisfactory functional and operating efficiency.
2. Test all low velocity ductwork at 2” wg pressure with no loss of pressure over 4 hours min., test medium and high velocity ducts at 6” wg pressure with no loss of pressure over 4 hours min.
C. Demonstrate re-setting of fire/smoke dampers to the Engineer.  
3.6 BALANCING

A. Section 23 05 93 - Testing, Adjusting, and Balancing.
3.7 SCHEDULES
Provide a schedule when more than one air system and pressure class is present on a project.

A. The following examples may assist in developing such a schedule.

DUCTWORK MATERIAL SCHEDULE

	AIR SYSTEM
	MATERIAL

	Supply (Heating Systems)
	Steel, Aluminum, Fibrous Glass

	Supply (System with Cooling Coils)
	Steel, Aluminum, Fibrous Glass

	Buried Supply or Return
	Steel, PVC Coated Steel, Concrete, Glass Fiber Reinforced Plastic

	Return and Relief
	Steel, Aluminum

	General Exhaust
	Steel, Aluminum

	Kitchen Hood Exhaust
	Steel, Stainless Steel

	Dishwasher Exhaust
	Steel, Stainless Steel, Glass Fiber Reinforced Plastic

	Fume Hood Exhaust
	Stainless Steel, Glass Fiber, Reinforced Plastic

	Outside Air Intake
	Steel

	Combustion Air
	Steel

	Evaporative Condenser Intake and Exhaust
	Steel

	Emergency Generation Ventilation
	Steel


DUCTWORK PRESSURE CLASS SCHEDULE

	AIR SYSTEM
	PRESSURE CLASS

	Supply (Heating Systems)
	[1/2 inch wg]
[1 inch wg]

	Supply (System with Cooling Coils)
	[1/2 inch wg]
[1 inch wg]
[2 inch wg]

	Buried Supply or Return
	[1/2 inch wg]
[1 inch wg]
[2 inch wg]

	Return and Relief
	[1/2 inch wg]
[1 inch wg]

	General Exhaust
	[1/2 inch wg]
[1 inch wg]

	Dishwasher Exhaust
	[1/2 inch wg]
[1 inch wg]
[2 inch wg]

	Fume Hood Exhaust
	[2 inch wg]
[3 inch wg]
[4 inch wg]

	Outside Air Intake
	[1/2 inch wg]
[1 inch wg]
[2 inch wg]

	Combustion Air
	[1/2 inch wg

	Evaporative Condenser Intake and Exhaust
	[1/2 inch wg]
[1 inch wg]
[2 inch wg]

	Emergency Generation Ventilation
	[1/2 inch wg]


PART 4   MEASUREMENT AND PAYMENT
4.1 GENERAL
A. No separate measurement or payment will be made for the Work required by this section. The cost for this portion of the Work will be considered incidental to, and included in the payments made for the applicable bid items in the [Schedule of Unit Prices] [Lump Sum price bid for the Project].

End of Section
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