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SECTION 23 31 00 – ductwork
PART 1 -  GENERAL 

1.01 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section. 
B. Specifications throughout all Divisions of the Project Manual are directly applicable to this Section, and this Section is directly applicable to them.
1.02 SUMMARY 
A. Perform Work required to provide and install ductwork, flexible duct, hangers, supports, sleeves, flashings, vent flues, and all necessary accessories as indicated in the Contract Documents.  Provide any supplementary items necessary for proper installation.

1.03 REFERENCE STANDARDS 
A. The latest published edition of a reference shall be applicable to this Project unless identified by a specific edition date. 
B. All reference amendments adopted prior to the effective date of this Contract shall be applicable to this Project. 
C. All materials, installation and workmanship shall comply with the applicable requirements and standards addressed within the following references: 
1. ASHRAE ‑ Handbook of Fundamentals; Duct Design.

2. ASHRAE ‑ Handbook of HVAC Systems and Equipment; Duct Construction.

3. ASTM A 90 ‑ Weight of Coating on Zinc‑Coated (Galvanized) Iron or Steel Articles.

4. ASTM E 96 - Standard Test Methods for Water Vapor Transmission of Materials.
5. ASTM A 167 ‑ Stainless and Heat‑Resisting Chromium‑Nickel Steel Plate, Sheet, and Strip.

6. ASTM A 525 ‑ General Requirements for Steel Sheet, Zinc‑Coated (Galvanized) by the Hot‑Dip Process.

7. ASTM A 527 ‑ Steel Sheet, Zinc‑Coated (Galvanized) by Hot‑Dip Process, Lock Forming Quality.

8. ASTM B209 ‑ Aluminum and Aluminum Alloy Sheet and Plate.

9. NFPA 90A ‑ Installation of Air Conditioning and Ventilating Systems.

10. NFPA 90B ‑ Installation of Warm Air Heating and Air Conditioning Systems.

11. NFPA 96 ‑ Installation of Equipment for the Removal of Smoke and Grease‑Laden Vapors from Commercial Cooling Equipment.

12. NFPA 45 – Laboratory Ventilating Systems and Hood Requirements.

13. SMACNA – HVAC Duct Construction Standards.

14. SMACNA – Rectangular Industrial Duct Construction Standards.

15. SMACNA – Round Industrial Duct Construction Standards.
16. SMACNA – HVAC Air Duct Leakage Test Manual.

17. UL 181 ‑ Factory‑Made Air Ducts and Connectors.

18. Engineering Design Manual for Air Handling Systems, United McGill Corporation (UMC).

19. Assembly and Installation of Spiral Ducts and Fittings, UMC.

20. Engineering Report No. 132 (Spacing of Duct Hangers), UMC.

21. AWSD1.1 American Welding Society Structural Welding Code.

1.04 definitions 
A. Low Pressure
1. 2 inch W.G. Pressure Class:  Ductwork systems up to 2 inch w.g. positive or negative static pressure with velocities less than or equal to 1500 fpm.

B. Medium Pressure
1. 3 inch W.G. Pressure Class:  Ductwork systems over 2 inch w.g. and up to 3 inch w.g. positive or negative static pressure with velocities less than or equal to 2500 fpm. 

2. 4 inch W.G. Pressure Class:  Ductwork systems over 3 inch w.g. and up to 4 inch w.g. positive or negative static pressure with velocities less than or equal to 2500 fpm.

3. 6 inch W.G. Pressure Class:  Ductwork systems over 4 inch w.g. and up to 6 inch w.g. positive or negative static pressure with velocities less than or equal to 2500 fpm.

C. High Pressure

1. 10 inch W.G. Pressure Class:  Ductwork systems over 6 inch w.g. and up to 10 inch w.g. positive or negative static pressure with velocities greater than 2500 fpm.

1.05 SUBMITTALS 
A. Product Data: 
1. Provide the following information for each sheet metal system furnished on the Project:

a. System name and type.

b. Duct system design pressure.

c. Duct material.

d. Duct gage.

e. Transverse joint methods.

f. Longitudinal seam type.

g. Sealant type.

h. SMACNA rectangular reinforcement type.

i. SMACNA intermediate reinforcement type.

j. SMACNA transverse reinforcement type.

B. Record Documents: 

1. Submit Shop Drawings on all items of ductwork, plenums, and casings including construction details and accessories specified herein in accordance with Division 01.  Ductwork construction details and materials used for duct sealant, flexible connections, etc. shall be submitted and approved prior to the fabrication of any ductwork.

2. [Option if no Shop Drawings are required:  Prepare Shop Drawings for the purpose of coordination with other trades including structural, piping, plumbing, electrical, lighting, and architectural.  When Shop Drawings are not required to be submitted for the Project, field sketches and shop tickets must be available to the Owner upon request.  Changes required during construction to accommodate coordination issues will be performed at no additional cost to the Owner.]

3. Draw ductwork Shop Drawings on minimum 1/4 inch equal to one foot scale building floor plans and shall indicate duct sizes, material, insulation type, locations of transverse joints, fittings, ductwork bottom elevation, offsets, ductwork specialties, fire and fire/smoke dampers, and other information required for coordination with other trades.  Clearly designate fire and fire/smoke partitions on the Shop Drawings. Detail Drawings for mechanical rooms and air handling unit locations shall be submitted at a minimum scale of 1/4 inch equal to one foot.

4. Coordinate with all other trades and building construction prior to submitting Shop Drawings for review. Indicate location of all supply, return, exhaust, and light fixtures from approved reflected ceiling plans on Shop Drawings.   

1.06 DELIVERY, STORAGE and HANDLING 
A. Deliver products to the Project Site and store and protect products under provisions of Division 01 and Division 20.

B. Protect materials from rust both before and after installation.

1.07 warranty

A. All ductwork shown on the Drawings, specified or required for the air conditioning and ventilating systems shall be constructed and erected in a first class workmanlike manner.  

B. The Work shall be guaranteed for a period of one (1) year from the Project Substantial Completion date against noise, chatter, whistling, vibration, and free from pulsation under all conditions of operation.  After the system is in operation, should these defects occur, they shall be corrected as directed by the Owner at Contractor’s expense.

PART 2 -  PRODUCTS 

2.01 GENERAL 
A. All materials shall meet or exceed all applicable referenced standards, federal, state and local requirements, and conform to codes and ordinances of authorities having jurisdiction. 
2.02 application
A. Ductwork systems shall be constructed in accordance with the following Materials as a minimum standard.  Refer to Drawings for any deviation from this Table.

	AIR SYSTEM
	MATERIAL
	MINIMUM PRESSURE

CLASSIFICATION (1)

	Supply and Return Systems:
	
	

	Untreated Outside Air Intake (Louver) to AHU Plenum
	304 Stainless Steel
	Low Pressure

	Treated Outside Air to AHU
	Galvanized Steel
	Medium Pressure

	Single Zone FCU Supply
	Galvanized Steel
	Low Pressure

	Single Zone AHU Supply
	Galvanized Steel
	Medium Pressure

	Mixed Air (AHU Plenum)
	Galvanized Steel
	Medium Pressure

	AHU Discharge/Vertical Supply Riser
	Galvanized Steel
	Medium Pressure

	Vertical Supply Riser to Terminal Unit
	Galvanized Steel
	Medium Pressure

	Terminal Unit Connection
	Metal Flexible Duct
	As Specified

	Terminal Units to Supply Air Device
	Galvanized Steel (2)
	Low Pressure

	Vivarium Supply Air Valve to Air Device
	316L Stainless Steel (5)
	Low Pressure

	Return Air Device to Return Distribution
	Galvanized Steel (2)
	Low Pressure

	Return Air Distribution
	Galvanized Steel
	Medium Pressure

	Return Air Distribution/Vertical Riser
	Galvanized Steel
	Medium Pressure

	Ductwork in MRI Rooms
	Aluminum
	As Specified

	Exhaust Systems:
	
	

	Exhaust Air Device to Exhaust Distribution
	Galvanized Steel (2)
	Low Pressure

	Exhaust Air Distribution
	Galvanized Steel
	Medium Pressure

	General Exhaust Vertical Riser to Fan
	Galvanized Steel
	Medium Pressure

	Kitchen Hood Exhaust
	316L Stainless Steel
	Medium Pressure(3`)

	Dishwasher Exhaust
	316L Stainless Steel
	Medium Pressure

	General Lab Exhaust Air Device to Horizontal Distribution
	Galvanized Steel
	Low Pressure

	Hood/Biosafety Cabinet Exhaust to Horizontal Distribution
	316L Stainless Steel
	Medium Pressure


	AIR SYSTEM
	MATERIAL
	MINIMUM PRESSURE

CLASSIFICATION (1)

	Combination Lab and General Exhaust Horizontal Distribution (Serving General Exhaust and 3 or fewer CFHs)
	316L Stainless Steel
	Medium Pressure(4)

	Combination Lab and General Exhaust Horizontal Distribution (Serving General Exhaust and 4 or more CFHs)
	Galvanized Steel 
	Medium Pressure(4)

	Combination Lab and General  Exhaust Vertical Riser 
	Galvanized Steel 
	Medium Pressure(4)

	Combination Lab and General Exhaust Riser to Filter Housing/Exhaust Plenum
	Galvanized Steel
	Medium Pressure(4)

	Combination Lab and General Exhaust Fan to Exhaust Stack (including Exhaust Stack
	316L Stainless Steel
	Medium Pressure (4)

	Emergency Generator Exhaust
	Double Wall or Black Steel
	As Specified

	MRI Cryogen Vents
	304 Stainless Steel or 6061 Aluminum 
	As Specified

	Vivarium General Exhaust Air Valve to Air Device
	316L Stainless Steel (5)
	Low Pressure


B. Notes to Table:

1. Positive pressure unless noted otherwise in Table.

2. Air device connections may be made with insulated flexible duct as specified herein.

3. Verify minimum pressure classification per NFPA 96 requirements.

4. Applies to exhaust system for general laboratory exhaust, fume hoods, and biosafety cabinets.  Refer to Drawings for construction of any additional exhaust systems.
5. Where ductwork systems are subject to routine decontamination (HPV, Clidox, etc.), provide 316L stainless steel ductwork as indicated.
C. [Note to Specifier:  the above Table can be modified to suit Project requirements.  If Project conditions differ from the Table, changes shall be noted on the Drawings and in the submittals.]

2.03 ductwork material and construction
A. All ductwork indicated on the Drawings, specified or required for the air conditioning and ventilating systems shall be of materials as hereinafter specified unless indicated otherwise on Drawings.  All air distribution ductwork shall be fabricated, erected, supported, etc., in accordance with all applicable standards of SMACNA where such standards do not conflict with NFPA 90A and where class of construction equals or exceeds that noted herein.

B. Ductwork shall be constructed of G-90 coated galvanized steel of ASTM A653 and A924 Standards.

C. Minimum gage of round, oval or rectangular ductwork shall be 26 gage per SMACNA Standards.

D. All duct sizes shown on the Drawings are clear inside dimensions.  Allowance shall be made for internal lining, where specified, to provide the required free area.

E. All holes in ducts for damper rods and other necessary devices shall be either drilled or machine punched (not pin punched), and shall not be any larger than necessary.  All duct openings shall be provided with sheet metal caps if the openings are to be left unconnected for any length of time.

F. Except for specific duct applications specified herein, all sheet metal shall be constructed from prime galvanized steel sheets and/or coils up to 60 inches in width.  Each sheet shall be stenciled with manufacturer's name and gage.  

G. Sheet metal must conform to SMACNA sheet metal tolerances as outlined in SMACNA's "HVAC Duct Construction Standards."

H. Where ducts are exposed to view (including equipment rooms) and where ducts pass through walls, floors or ceilings; furnish and install sheet metal collars around the duct.

I. Spin-in fittings shall be as specified under Section 23 33 00 – Ductwork Accessories.

J. Duct Sealing:  All ductwork, regardless of system pressure classification, shall be sealed in accordance with Seal Class A, as referenced in SMACNA Standards.  All transverse joints, longitudinal seams, and duct wall penetrations shall be sealed.

1. All seams and joints in shop and field fabricated ductwork shall be sealed by applying one layer of sealant, then immediately spanning the joint with a single layer of 3 inches wide open weave fiberglass scrim tape.  Sufficient additional sealant shall then be applied to completely embed the cloth.

2. Sealant shall be water based, latex UL 181B-M sealant with flame spread of 0 and smoke developed of 0.  Sealants shall be similar to Hard Cast Iron Grip 601, Ductmate Pro Seal or Design Polymerics DP 1010.  

3. Scrim tape shall be fiberglass open weave tape, 3 inches wide, with maximum 20/10 thread count, similar to Hardcast FS-150.

4. Sealer shall be rated by the manufacturer and shall be suitable for use at the system pressure classification of applicable ductwork.

5. Except as noted, oil or solvent-based sealants are specifically prohibited.

6. For exterior applications, “Uni-Weather” (United McGill Corporation) solvent-based sealant shall be used. 

2.04 RECTANGULAR AND ROUND DUCTWORK 

A. Metal gages listed in SMACNA HVAC Duct Construction Standards, Metal and Flexible Duct, are the minimum gages which shall be used.  Select metal gage heavy enough to withstand the physical abuse of the installation.  In no case shall ductwork be less than 26 gage per SMACNA Standards.

B. All longitudinal seams for rectangular duct shall be selected for the specified material and pressure classification. Seams shall be as referenced in SMACNA Standards.

C. Longitudinal seams in laboratory hood exhaust ducts shall be welded.  

D. All transverse joints and intermediate reinforcement on rectangular duct shall be as shown in SMACNA Standards.  Transverse joints shall be selected consistent with the specified pressure classification, material, and other provisions for proper assembly of ductwork.

E. Spiral round duct and fittings shall be as manufactured by United McGill Sheet Metal Company or approved equivalent.  All fittings shall be factory fabricated, machine formed and welded from galvanized sheet metal.

F. Joints in spiral duct and fittings shall be assembled, suspended, sealed, and taped per manufacturer’s published assembly and installation instructions.

G. Contractor may use DUCTMATE or Ward Industries coupling system, as an option, on rectangular ductwork.  The DUCTMATE or Ward Industries system shall be installed in strict accordance with manufacturer’s recommendations.

2.05 FLAT OVAL DUCTWORK AND FITTINGS

A. Oval ducts shall be spiral flat oval or welded flat oval equivalent to those of United McGill Sheet Metal Company with gage and reinforcing as recommended by the manufacturer.  Duct may be shop fabricated of completely welded construction in accordance with SMACNA Standards.

B. Oval ducts greater than 24 inch x 72 inch shall be longitudinal seam, flat oval duct, rolled, welded and provided in standard lengths of 5 and 10 feet.  Transverse joints shall be factory welded or field connected with flanges or slip couplings.  Duct will be fabricated from galvanized steel meeting ASTM A 527 standards.

C. Duct reinforcing angles shall be of sizes specified for same size rectangular duct.  Galvanized angles shall be used where standing seams are specified for rectangular duct.

D. Oval fittings shall comply with requirements, sealing, etc., similar to that specified for round ductwork.  Manifolding taps may be permitted without increasing the length of run in the branch duct system.

E. Elbows in oval ducts may be smooth long radius or 5‑piece 90-degree elbows and 3‑piece 45-degree elbows.  Joints in sectional elbows shall be sealed as specified for duct sealing. 

2.06 CONICAL BELLMOUTH FITTINGS AND TAPS

A. Conical bellmouth fittings shall be made from 26-gage G-90 coated galvanized steell.  Two-piece construction with a minimum overall length of 6 inches and factory sealed for high-pressure requirements.  Average of loss coefficient for sizes 6, 8 and 10 shall be less than 0.055.

B. Provide each fitting with minimum 24-gage damper plate with locking quadrant operator and sealed end bearings.  Damper blade shall be securely attached to shaft to prevent damper form rotating around shaft.  Shaft shall be extended to clear insulation.

C. Provide a flange and gasket with adhesive peel-back paper for ease of application.  The fittings shall be further secured by sheet metal screws spaced evenly at no more than 4 inches on center with a minimum of four (4) screws per fitting.

D. Conical bellmouth fittings shall be Series 3000G as manufactured by Flexmaster U.S.A., Inc. or Buckley Air Products, Inc., “AIR-TITE”.

2.07 CASINGS AND PLENUMS - 2 inch W.G. PRESSURE CLASS

A. All 2 inch w.g. pressure class casings and plenums for mixed air plenums shall be constructed in accordance with SMACNA Standards.

B. All casings shall enclose the filter and automatic dampers as shown on the Drawings.  Casings shall be fabricated of galvanized sheet metal erected with three-foot center maximum standing seams reinforced with ¼-inch bars.  The casing shall be stiffened on three-foot centers maximum with angle irons tack welded in place.

C. All openings to the casing shall be properly sealed to prevent any air leakage.  Access doors shall be installed as indicated on the Drawings and shall be air tight, double skin insulated construction with frames welded in place.  Doors shall be rubber gasketed with #390 Ventlok gasketing and equipped with fasteners equal to Ventlok #310 latches and #370 hinges that can be operated from both the inside and the outside. 

D. Casings shall be anchored by the use of angle irons sealed and bolted to the curb and floor of the apparatus casing.  Casings shall be tested and provided tight at a pressure of three inches water column.

E.  Insulate per Section 23 07 13.

2.08 CASINGS AND PLENUMS – 6 inch W.G. PRESSURE CLASS

A. Shall enclose filters and automatic dampers at air handling unit systems.  Casings shall be constructed of cellular, standing seam panels with 3 inch deep reinforced “hat” sections as manufactured by metal deck manufacturers and as described in SMACNA Standards.

B. All openings to the casing shall be properly sealed to prevent air leakage.  Install access doors for easy access to equipment.  Access doors shall be air tight, double skin insulated construction with frames welded in place.  Doors shall be rubber gasketed with #390 Ventlok gasketing and equipped with fasteners equal to Ventlok #310 latches that can be operated from both the inside and outside.  Hinges shall be equivalent to Ventlok #370.

C. Anchor casing by the use of galvanized angle irons sealed and bolted to the curb and floor of the apparatus casing as indicated in SMACNA Standards.

D. A fan discharge diffuser plate shall be located on the fan discharge and shall be constructed of 10 gage steel perforated plate installed in 6 inch channel iron frames (8.2#) rigidly supported to withstand the fan discharge velocity.  Perforations shall be 3/8 inch (0.375 inch) staggered on 11/16 inch centers (27 percent open area).  One section shall be hinged to provide an access door between the discharge side of the fan and the entering side of the coils. After fabrication of the diffuser plate, coat with rust-resistant paint.  After installation, touch up diffuser plate and paint channel iron frames with rust-resistant paint.

E. Provide sufficient access openings to allow access for maintenance of all parts of the apparatus. Access door size shall be as large as feasible for the duty required.

F. Insulate per Section 23 07 13.

2.09 ELBOWS RECTANGULAR DUCTS 

A. Construct elbows as follows in order of preference:

1. Long radius, unvaned elbows.
2. Short radius, single thickness vaned elbows.
3. Rectangular, double thickness vaned elbows.
B. Long radius elbows shall have a centerline radius of not less than one and one‑half (1‑1/2) times the duct width. Short radius elbows shall have a centerline radius of not less than one times the duct width.
C. Contractor shall have the option to substitute short radius vaned elbows, but shall request the substitution at the time of submittal of Product Data. 

D. Provide turning vanes in all rectangular elbows and offsets.  

E. Job fabricated turning vanes, if used, shall be fabricated of the same gage and type of material as the duct in which they are installed.  Vanes must be fabricated for same angle as duct offset.  Submit Shop Drawings on factory fabricated and job fabricated turning vanes.  

F. All turning vanes shall be anchored to the cheeks of the elbow in such a way that the cheeks will not breathe at the surfaces where the vanes touch the cheeks.  In most cases, this will necessitate the installation of an angle iron support on the outside of the cheek parallel to the line of the turning vanes. 

G. In 90-degree turns that are over 12 inches wide in the plane of the turn, provide and install double thickness vanes on integral side rails.  For ducts under 12 inches in width, use single thickness vanes.  The installation of the turning vanes shall be as described for single thickness vanes.  On other types of turns or elbows, single thickness trailing edge vanes shall be used.

2.010 FLEXIBLE DUCT

A. Flexible duct shall be used where flexible duct connections are shown on the Drawings to air distribution devices and terminal units and as scheduled under “Ductwork System Applications. 

B. Acoustical Flexible Duct to Diffusers, Grilles, and Terminal Units:

1. Maximum flex duct length 6’-0” (six feet), installed with no more than 90 degrees of bend to diffusers and grilles.  Where longer duct runs or more bends are necessary, provide rigid round ductwork.

2. Maximum flex duct length 2’-0” (two feet), installed as a straight run to the inlet of the terminal units.

3. Acoustical flexible duct shall be manufactured with an acoustically rated CPE inner film as the core fabric, mechanically locked by a corrosion-resistant galvanized steel helix.

4. Core shall be factory pre-insulated with a total thermal performance of R-3.5 or greater. Outer jacket shall be a fire retardant polyethylene vapor barrier jacket with a perm rating not greater than 0.10 per ASTM E 96, Procedure A.
5. Duct shall be rated for a minimum positive working pressure of 6 inches w.g. and a negative working pressure of 4 inches w.g. minimum.  

6. Temperature range shall be –20 degrees F to 250 degrees F.  

7. Duct must comply with the latest NFPA Bulletin 90A and be listed and labeled by Underwriter's Laboratories, Inc., as Class I Air Duct, Standard 181, and meet GSA, FHA and other U. S. Government standards; flame spread less than 25; smoke developed less than 50.

8. Acoustical flexible duct shall be similar to Flexmaster Type 8M for construction and acoustical performance standards.

C. Metal Flexible Duct:

1. May be used for terminal unit connections from sheet metal ductwork where shown on the Drawings.

2. Maximum length 2’-0” (two feet), installed in straight runs only.  Where longer duct runs or direction changes are necessary, provide rigid round ductwork.

3. Duct shall be constructed of 0.005 inch thick 3003-H14 aluminum alloy in accordance with ASTM B209.  Duct shall be spiral wound into a tube and spiral corrugated to provide strength and flexibility.  

4. Core shall be factory pre-insulated with a total thermal performance of R-3.5 or greater. Outer jacket shall be fire retardant metalized vapor barrier jacket of fiberglass reinforced aluminum foil, with a permeance rating not greater then 0.05 per ASTM E96, Procedure A.
5. The duct shall be rated for a minimum positive and negative working pressure of 10 inch w.g.
6. Temperature range shall be –40 degrees F to 250 degrees F.

7. Duct must comply with the latest NFPA Bulletin 90A and be listed and labeled by Underwriter's Laboratories, Inc., as Class I Air Duct, Standard 181, and meet GSA, FHA and other U. S. Government standards; flame spread less than 25; smoke developed less than 50.

8. Metal flexible duct shall be similar to Flexmaster triple lock Type TL-M. 

2.011 STAINLESS STEEL DUCTWORK

A. Applies to general laboratory exhaust, fume hood, biosafety cabinet, radioisotope hood, vivarium supply and exhaust systems subject to routine decontamination (HPV, Clidox, etc.), and moisture exhaust systems where indicated on the Drawings and as specified herein.
B. Stainless steel shall be 316-L with welded longitudinal seams and welded transverse joints. Welds on exposed ductwork shall be positioned for minimum view and shall be ground and polished. Duct sealant shall not be used to seal this ductwork.

C. All ductwork risers shall be installed as vertical as possible within the constraints of the design indicated on the Drawings.

D. In all cases, ductwork shall be installed so that the washdown water, where installed, shall drain back to the hood.

E. Metal gages shall be not less than the following:

	DUCT SIZE
	GAGE

	30-inch diameter or less
	18

	31-inch to 60-inch diameter
	16

	61-inch diameter or greater
	14

	Greater than 60 x 42 (rectangular or oval)
	Comply with SMACNA


F. The joining of stainless steel ductwork with galvanized ductwork where indicated in the Drawings shall use ductwork construction methods specified herein for galvanized ductwork.

G. Connections to Air Devices Cabinets or Hoods:  
1. Where approved by Owner, flexible stainless steel ducting can be used in lieu of hard pipe stainless steel at cabinets or hoods 
2. For all non insulated duct applications flexible ducting shall be 316TI stainless steel; pressure rated for 12 inches w.g. positive and negative; UL 181, Class 0 air duct rated; Velocity Rated for 5500 fpm. Similar to Flexmaster Type SS-NI-TL.
3. For all insulated duct applications, flexible ducting shall be 316 stainless steel; pressure rated for 12 inches w.g. positive and negative; UL 181, Class 1 air duct rated; Velocity Rated for 5500 fpm. Similar to Flexmaster Type SS-TLM.
2.012 ALUMINUM DUCTWORK

A. Provide 6061 Aluminum ductwork only where indicated on the Drawings and as specified herein.  Applies typically to ductwork within MRI rooms.

B. Duct joints shall be all soldered construction, one standard gage heavier than for the same size galvanized steel ducts.  Refer to SMACNA for equivalent aluminum thickness and reinforcement.

C. Construction method shall follow the specified methods for galvanized ductwork, except that no ferrous materials may be used.  Only aluminum, copper and brass must be used in construction in locations requiring aluminum ductwork; this includes fasteners, hangers, anchors, etc.

D. Connections to Equipment:  

1. Where approved by Owner, flexible stainless steel ducting can be used in lieu of hard pipe stainless steel.  

2. Flexible ducting shall be 316 TI stainless steel; pressure rated for 12 inches w.g. positive and negative; UL 181, Class 0 air duct rated; Velocity Rated for 5500 fpm. Similar to Flexmaster Type SS-NL-TL.
2.013 KITCHEN HOOD EXHAUST

A. Stainless steel with liquid tight welded longitudinal seams and transverse joints, as specified under “Stainless Steel Ductwork” and as further specified herein.

B. Construction shall be in accordance with NFPA 96 and applicable SMACNA Standards.

C. Slope duct toward hood connections and cleanout points as shown on the Drawings.

D. No turning vanes, dampers, or other interior intrusions shall be installed in the ductwork system.

E. All changes in direction shall be with radius elbows (centerline radius equal 1.5 x duct width).

F. Provide rated access doors for installation by the Contractor at all locations necessary.

G. Coordinate required rated enclosure of kitchen hood exhaust and access points with the Contractor.

H. Manufactured double wall duct systems with NFPA certification for grease systems may be used in lieu of above referenced materials.

2.014 EMERGENCY GENERATOR EXHAUST SYSTEM

A. Selkirk Metalbestos (Model IPS-C2), Metal Fab.  Minimum standard weight black steel pipe with calcium silicate insulation is acceptable in lieu of double wall system specified herein.

B. Factory-built modular exhaust system and published skin temperatures shall be laboratory tested and listed by Underwriters Laboratories, Inc., for use with building heating equipment and appliances with produce exhaust flue gases at temperature not exceeding 1400 degrees F under continuous operating conditions.  This exhaust system shall be designed to compensate for all flue gas induced thermal expansions.
C. Exhaust system shall be double wall and have an outer jacket of Type 316 stainless steel, 0.025 inch thick in 6 inch through 24 inch diameter and 0.034 inch thick for larger diameter duct. The inner flue gas carrying conduit shall be Type 316 stainless steel.  The inner liner shall be 0.035 inch nominal thickness for all duct diameters.

D. To control the venting pressure should a backfire occur, an explosion relief valve shall be incorporated in the exhaust system per NFPA 37.
E. Fiber insulated exhaust system shall have a fiber insulation between the walls of 2 inches thick.  Asbestos materials may not be used.

F. Inner pipe joints shall be sealed by use of overlapping type V-band (P-OVB) with a premixed 200 degrees F sealant (P-200E).  The outer channel bands shall be sealed with a 600 degrees F sealant (P-600) where exposed to weather.

G. When the engine exhaust system is installed according to the manufacturer’s installation instructions and the limits of its listing, it shall comply with National Safety Standards and Building Codes.

H. Exhaust system shall terminate as shown on the Drawings and per NFPA 37 and NFPA 211 requirements.

I. All exhaust system parts exposed to the atmosphere shall be protected by a minimum of one base coat and one finished coat of paint, such as Series 4200 or 4300 heat resistance paint as manufactured by Rust-Oleum Corp.
J. The exhaust system shall be installed as designed by the manufacturer and in accordance with the terms of the manufacturer’s 10-year warranty.

K. Furnish all parts required to completely install the exhaust system including all flashing, storm collar, miter cuts, supports, bracing, ventilated roof thimble, sealants, tensioner, wall guide, rings, tee cap, adapter, bellows, etc.  Coordinate installation with roofing Contractor.

2.015 MRI CRYOGEN VENT PIPE

A. For cryogenic venting, welded stainless steel or aluminum pipe shall be used in all MRI or similar rooms where shown on the Drawings.

B. Stainless steel pipe shall be Type 304 non-ferromagnetic, thickness 0.035 inch minimum and 0.125 inch maximum.

C. Aluminum pipe shall be Type 6061-T6, thickness 0.083 inch minimum and 0.125 maximum.

D. Piping shall be installed with bracing as required to withstand the forces encountered during a cryogenic release event.

PART 3 -  EXECUTION 

3.01 INSTALLATION 
A. Installation shall meet or exceed all applicable federal, state and local requirements, referenced standards and conform to codes and ordinances of authorities having jurisdiction. 

B. All installation shall be in accordance with manufacturer’s published recommendations. 
C. Cleanliness:
1. Before installing ductwork, wipe ductwork to a visibly clean condition.

2. During construction, provide temporary closures of metal or taped polyethylene on open ductwork and duct taps to prevent construction dust or contaminants from entering ductwork system.  Seal ends of ductwork prior to installation to keep ductwork interior clean.  Remove closures only for installation of the next duct section. 

3. For ductwork supplying Clean Rooms, Operating Rooms and other Critical Care areas, sanitize ductwork with a biocidal agent EPA approved for HVAC systems immediately prior to sealing ductwork.

4. During duration of construction, maintain the integrity of all temporary closures until air systems are activated.

D. Provide openings in ductwork where required to accommodate thermometers, controllers and other devices.  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.  Sleeve of pitot tube opening shall be no more than one inch long.  Opening shall be one inch wide to accept pitot tube.

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

F. Slope underground ducts to plenums or low pump out points at 1:500.  Provide access doors for inspection.

G. Coat buried, metal ductwork without factory jacket with one coat and seams and joints with additional coat of asphalt base protective coating.

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

I. Provide residue traps in kitchen hood exhaust ducts at base of vertical risers with provisions for cleanout.  Use stainless steel for ductwork exposed to view and stainless steel for ducts where concealed.

J. All visible welds in ductwork between biosafety cabinets, canopy hoods and fume hoods and the ceiling shall be ground and polished.

K. Slope duct toward grilles for moisture-laden ducts.  Provide drain and trap at elbow of main moisture exhaust duct system.

L. Flexible Duct:

1. The terminal ends of the duct core shall be secured by compression coupling or stainless steel worm gear type clamp. 

2. Fittings on terminal units and on sheet metal duct shall have flexible duct core slipped over duct and coupling or clamp tightened, then connection sealed with sealant.  Insulation of flexible duct shall be slipped over connection to point where insulation abuts terminal unit or insulation on duct.

3. These insulation connections shall be sealed by embedding fiberglass tape in the sealant and coating with more sealant to provide a vapor barrier.

M. Support flexible ducts as per SMACNA standards to prevent sags, kinks and to have 90 degree turns.
N. Hangers and Supports:

1. All ductwork supports shall be in accordance with Table 4-1 (rectangular duct) and Table 4-2 (round duct) of the SMACNA Standards, with all supports directly anchored to the building structure.

2. Rectangular duct shall have at least one pair of supports on minimum 8’‑0" (eight feet) centers. All horizontal round and flat oval ducts shall have ducts hangers spaced 10’‑0" (ten feet) maximum.

3. Lower attachment of hanger to duct shall be in accordance with Table 4-4 of the SMACNA Standards.

4. Vertical ducts shall be supported where they pass through the floor lines with 1‑1/2 inch x 1‑1/2 inch x 1/4 inch angles for duct widths up to 60 inches. Above 60 inches in width, the angles must be increased in strength and sized on an individual basis considering space requirements.

5. Hanger straps on duct widths 60 inches and under shall lap under the duct a minimum of 1 inch and have minimum of one fastening screw on the bottom and two on the sides.

6. Hanger straps on duct widths over 60 inches shall be bolted to duct reinforcing with 3/8 inch bolts minimum.

3.02 DUCTWORK SYSTEM CLEANING

A. If the system has been operated without scheduled filters or if the integrity of temporary closures has been compromised, Contractor shall have ductwork cleaned according to National Air Duct Cleaners Association (NADCA) Standards by a Certified Regular Member of the NADCA.

1. For ductwork supplying Clean Rooms or patient care areas, also sanitize the ductwork interior per NADCA standards with a biocidal agent approved by the EPA for use in HVAC Systems.

B. Before turning the installation over to the Owner, Contractor shall certify that the air handling systems have only been operated with scheduled filters in place.  Otherwise, Contractor shall present evidence that the ductwork was cleaned as required above.
3.03 TESTING

A. All medium and high pressure duct systems (positive or negative) shall be pressure tested according to SMACNA test procedures (HVAC Air Duct Leakage Test Manual).  Notify Owner minimum seven (7) calendar days in advance of leakage testing. 

1. Design pressure for testing ductwork shall be determined from the maximum pressure generated by the fan at the nominal motor horsepower selected. 

2. Total allowable leakage shall not exceed 1 percent of the total system design airflow rate. 

3. When partial sections of the duct system are tested, the summation of the leakage for all sections shall not exceed the total allowable leakage.

4. Leaks identified during leakage testing shall be repaired by:
a. Complete removal of the sealing materials.

b. Thorough cleaning of the joint surfaces.

c. Installation of multiple layers of sealing materials.

5. The entire ductwork system shall be tested, excluding connections upstream of the terminal units (i.e. ductwork shall be capped immediately prior to the terminal units, and tested as described above).

6. After testing has proven that ductwork is installed and performs as specified, the terminal units shall be connected to ductwork and connections sealed with extra care.  Contractor shall inform the Owner when joints may be visually inspected for voids, splits, or improper sealing of the joints.  If any leakage exists in the terminal unit connections/joints after the systems have been put into service, leaks shall be repaired as specified for other leaks. 

7. Fixed flow measurement devices (i.e. orifice tubes, nozzles, etc.) shall have current calibration documentation showing that the device was verified to a National Institute Of Standards and Technology (NIST) standard within the previous five years or as recommended by the manufacture and be accurate to at least +/- 2% of reading.
8. Pressure measurement instrumentation (i.e. manometer) shall have current calibration documentation showing that the device was verified to a NIST standard within the previous year or as recommended by the manufacture. Instrumentation shall have an accuracy of at least +/- 2% of reading and have a resolution of 2:1 with respect to the measured pressure (i.e. resolution of 0.01 measured 0.1).

B. All low-pressure duct systems (positive or negative) shall be inspected for visible and audible signs of leakage.

1. Leaks identified by inspection shall be repaired by:
a. Complete removal of the sealing materials.

b. Thorough cleaning of the joint surfaces.

c. Installation of multiple layers of sealing materials.

2. Discrepancies found during testing and balancing between duct traverses and diffuser/grille readings shall result in re-inspection, repair and retest until discrepancies are eliminated.

C. [At the option of the Owner, if documented in writing, Contractor may be allowed to eliminate testing of terminal units by capping the supply ductwork prior to the terminal units, then inspecting the connection to the terminal units when complete.  This option may only be exercised by the Owner, only if documented in writing prior to testing.]

D. Ductwork leakage testing and/or inspection shall be performed prior to installation of external ductwork insulation.
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