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SECTION 23 31 00 - DUCTWORK
GENERAL
The following sections are to be included as if written herein:
Section 23 00 00 – Basic Mechanical Requirements
Section 23 05 29 – Sleeves, Flashings, Supports and Anchors
Section 23 05 53 – Mechanical Identification
WORK INCLUDED
Low Pressure Ducts
Medium and High Pressure Ductwork
Casings
Kitchen Hood Ductwork
Duct Cleaning
RELATED WORK
Division 09 Section, Painting, priming or coating of metal ductwork exposed to view.
Section 23 05 48 ‑ Vibration Isolation
Section 23 07 13 ‑ Duct Insulation
Section 23 33 00 ‑ Ductwork Accessories
Section 23 36 00 ‑ Air Terminal Units
Section 23 37 00 ‑ Air Inlets and Outlets
Section 23 05 93.A ‑ Testing, Adjusting and Balancing
REFERENCES
ASHRAE ‑ Handbook of Fundamentals; Duct Design
ASHRAE ‑ Handbook of HVAC Systems and Equipment; Duct Construction
ASTM A 90 ‑ Weight of Coating on Zinc‑Coated (Galvanized) Iron or Steel Articles
ASTM A 167 ‑ Stainless and Heat‑Resisting Chromium‑Nickel Steel Plate, Sheet, and Strip
ASTM A 525 ‑ General Requirements for Steel Sheet, Zinc‑Coated (Galvanized) by the Hot‑Dip Process
ASTM A 527 ‑ Steel Sheet, Zinc‑Coated (Galvanized) by Hot‑Dip Process, Lock Forming Quality
ASTM B209 ‑ Aluminum and Aluminum Alloy Sheet and Plate
NFPA 45 – Laboratory Ventilating Systems and Hood Requirements
NFPA 90A ‑ Installation of Air Conditioning and Ventilating Systems
NFPA 90B ‑ Installation of Warm Air Heating and Air Conditioning Systems
NFPA 96 ‑ Installation of Equipment for the Removal of Smoke and Grease‑Laden Vapors from Commercial Cooling Equipment
SMACNA – HVAC Duct Construction Standards, 1995
UL 181 ‑ Factory‑Made Air Ducts and Connectors
SMACNA Round Industrial Duct Construction Standards,.
Engineering Design Manual for Air Handling Systems, United McGill Corporation (UMC).
Assembly and Installation of Spiral Duct and Fittings, IMC.
Engineering Report No. 132 (Spacing of Duct Hangers), IMC.
AWSD1.1 American Welding Society Structural Welding Code
DEFINITIONS
Duct Sizes:  Inside clear dimensions.   For lined ducts, maintain sizes inside lining.
Low Pressure:  3 inch WG positive or negative static pressure and velocities less than 1,500 fpm.
Medium Pressure:  6 inch WG positive static pressure and velocities greater than 1,500 fpm.
High Pressure:  10 inch WG positive static pressure and velocities greater than 2,500 fpm.
SUBMITTALS
Product Data
Provide product data for all ductwork systems to be used on project. Product data submittals shall include the following as a minimum:
System name and type
Duct system design pressure
Hangers and supports, including materials, fabrication, methods for duct and building attachment.
Sealant type.
Shop Drawings shall be submitted on all items of sheet metal work specified herein.  Shop Drawings of ductwork at air units shall be submitted at a minimum scale of 3/8" equal to one foot. Shop drawings of ductwork located at all other locations shall be prepared at a scale of not less than ¼” = 1’-0”.  Reproduction and submittal of the construction documents is not acceptable. Shop drawings shall include the following:
Clearance dimensions between ducts and dimensions above finished floors for bottom and tops of ducts.
Call out of duct materials other than galvanized including but not limited to stainless steel, aluminum, or prefabricated fire rated ductwork.
Shop Drawings shall indicate location of all supply, return, exhaust and light fixtures from the approved reflected ceiling plans. 
Shop drawings shall identify all duct sizes, reinforcement and spacing. 
Penetrations through fire rated and other partitions.
Show major equipment with ductwork connections.
Show all dampers, turning vanes, access doors, fire dampers and all other ductwork accessories to be provided. Submit shop drawings and product data under provisions of Section 23 00 00.
Submit two samples of stainless steel welded duct joint to Engineer and Owner for approval. After approval, sample shall remain at job site for reference. [NOTE TO ENGINEER: Discuss with owner to understand if other types of ductwork samples are required for project].
Welding Certificates. Provide for all welders including procedures and standards of acceptance.
DELIVERY, STORAGE, AND HANDLING
Deliver products to site under provisions of Section 23 00 00.
Store and protect products under provisions of Section 23 00 00.
PRODUCTS
DUCTWORK GENERAL:
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.  All air distribution ductwork shall be fabricated, erected, supported, etc., in accordance with all applicable standards of SMACNA Duct Manuals where such standards do not conflict with NFPA 90A and where class of construction equals or exceeds that noted herein.  All exhaust ductwork including toilet room exhausts shall be constructed and leak tested as specified for medium pressure supply ducts at negative pressure.
All ductwork shown on the Drawings, specified or required for the heating, ventilating and air conditioning systems shall be constructed and erected in a first class workmanlike manner.  The work shall be guaranteed for a period of one (1) year from and after the date of acceptance of the job 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 Architect.
All duct sizes shown on the Drawings are air stream sizes.  Allowance shall be made for internal lining where required, to provide the required cross sectional area.
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.
Except for special ducts specified elsewhere herein, all sheet metal used on the project shall be constructed from prime galvanized steel sheets and/or coils up to 60" in width.  Each sheet shall be stenciled with manufacturer's name and gauge.  Coils of sheet steel shall be stenciled throughout on ten foot (10') centers with manufacturer's name and must be visible after duct is installed.  Sheet metal must conform to SMACNA sheet metal tolerances as outlined in SMACNA's "HVAC Duct Construction Standards."
Where ducts that are exposed to view (including equipment rooms), pass through walls, floors or ceilings, furnish and install sheet metal collars around the duct.

NOTE TO THE ENGINEER:  Ductwork taps shall be made using conical bellmouth or "boot" connections, and they shall be from the side of the duct, not the bottom unless there is at least 24" clear from the bottom of the duct to the outlet.  This will allow for a better location for the volume dampers.  No more than 3 rooms of similar size, orientation, and function should be on the same zone.  Directors’ offices, conference rooms, and other special purpose rooms should be on an individual zone.  Note that a small corridor area or storeroom may be added to almost any small zone.  Zones requiring large amounts of air (such as auditoriums or laboratories) may require more than one VAV box. 

DUCTWORK LOW PRESSURE: (Includes all exhaust ductwork downstream of fans.)
The scope of low pressure ductwork is defined as all ductwork downstream of terminal units, and all exhaust ductwork downstream of fans.  Construction of all low pressure duct shall be in accordance with Low Velocity Duct Construction Standards as published by Sheet Metal and Air Conditioning Contractors National Association (SMACNA) and shall be sealed and tested at 3" static with the same test procedures as medium pressure ductwork. 
Spiral wound round duct shall be as manufactured by United McGill Sheet Metal Company or approved equal.
The metal gauges listed in the 1995 SMACNA HVAC Duct Construction Standards for Metal and Flexible Duct are the minimum which shall be used for this project.  It shall be noted that the Contractor is responsible that the metal gauge selected is heavy enough to withstand the physical abuse of the installation.
Elbows shall be radius type and have a centerline radius of 1‑1/2 times the duct diameter or width.  Elbows in round ducts may be smooth radius as described above or 5‑piece 90 degree elbows and 3‑piece 45 degree elbows.  Joints in round ducts shall be slip type with a minimum of three sheet metal screws.  Joints in sectional elbows shall be sealed as specified for duct sealing.  90˚ mitered elbows are not acceptable unless approved by the Architect/Engineer or Project Manager.
SEALANT:  All ductwork (except welded exhaust duct) shall be sealed with either "MP" (Multi‑Purpose), Hardcast "Iron‑grip 601", Polymer Adhesive "Airseal #11", or "United Duct Seal" (United McGill Corp.) water base, latex or acrylic type sealant.  Note that, except as noted, oil or solvent based sealants are specifically prohibited for use on this project.  For exterior applications, "Uni‑Thane " (United McGill Corp.), polyurethane based sealant shall be used.  No other sealants may be used.  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" wide open weave fiberglass tape.  Sufficient additional sealant shall then be applied to completely imbed the cloth.  All sealants shall be UL rated at no more than flame spread of 5 and smoke developed of 0. Additionally, at contractor’s option, Hardcast 1602 sealant tape may be used in lap joints and flat seams.
DUCTWORK MEDIUM PRESSURE: (Includes all exhaust ductwork upstream of fans).
The scope of medium pressure ductwork is defined as all ductwork downstream of all air handlers, up to and including terminal units, plus all return air ductwork.  Construction of all ducts shall be in accordance with High Velocity Construction Standards as published by SMACNA.  All round and rectangular duct construction, duct fittings, dampers, etc., are covered in this manual and it is to be adhered to.
Spiral wound round duct shall be as manufactured by United McGill Sheet Metal Company or approved equal.
The metal gauges are listed herein for round duct and for rectangular duct.
All ductwork (except welded exhaust duct) shall be sealed with either "MP" (Multi‑Purpose), Hardcast "Iron‑grip 601", or "United Duct Seal" (United McGill Corp.) water base, latex or acrylic type sealant.  Note that, except as noted, oil or solvent based sealants are specifically prohibited for use on this project.  For exterior applications, "Uni‑Thane" (United McGill Corp.), polyurethane based sealant shall be used.  No other sealants may be used.  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" wide open weave fiberglass tape.  Sufficient additional sealant shall then be applied to completely imbed the cloth. Additionally, at contractor’s option, Hardcast 1602 sealant tape may be used in lap joints and flat seams.
Oval ducts shall be spiral flat oval or welded flat oval equal to those of United McGill Sheet Metal Company with gauges and reinforcing as recommended by the manufacturer for medium pressure or the ducts may be Shop fabricated of completely welded construction of the following gauge:
Major Axis 12 to 20	No. 24 gauge
Major Axis 20 to 30	No. 22 gauge
Major Axis 30 to 46	No. 20 gauge
Major Axis 46 to 50	No. 18 gauge
Major Axis 50 and Up	No. 16 gauge
Oval fittings shall be equal to those of United McGill Sheet Metal Company with requirements, sealing, etc., similar to that specified for round medium pressure work.
Oval duct reinforcing methods shall be submitted as Shop Drawings for approval.  Reinforcing galvanized angles shall be of sizes specified for same size rectangular ducts.  Galvanized angles shall be used where standing seams are specified for rectangular ducts.  Attaching methods shall be shown on Shop Drawings and submitted for approval.
Testing of Medium Pressure Ductwork: (Includes from fan discharge through to the discharge of terminal units.) 
All medium pressure ducts shall be pressure tested according to SMACNA Chapter 10 test procedures.  Design pressure for testing ductwork shall be six inches (6") of water.  Total allowable leakage shall not exceed 1% of the total system design air flow rate.  When partial sections of the duct system are tested, the summation of the leakage for all Sections shall not exceed the total allowable leakage. 

The entire system of medium pressure ductwork shall be tested, excluding the VAV/Constant Volume Terminal Units (i.e. The ductwork shall be capped immediately prior to the Terminal Units, and tested as described above).  After testing has proven that the ductwork is installed and performs as specified, the terminal units shall be connected to the ductwork and the connections sealed with extra care.  The contractor shall inform the project inspector when the joints may be visually inspected for voids, splits, or improper sealing of the joints.  If any leakage in the terminal unit connections/joints after the systems have been put into service, the leaks shall be repaired by:  1) complete removal of the sealing materials, 2) thorough cleaning of the joint surfaces, and 3) installation of multiple layers of sealing materials. 
All exhaust ductwork, including toilet room exhausts, shall be constructed as for medium pressure ducts and shall be tested for leaks in the same manner as for medium pressure supply ducts.
Contractor may use DUCTMATE or Ward flanged Duct Joint system, reference SMCNA FIG. 1-4 “Transverse Joints” T-25a or T-25b on rectangular ductwork. Slip-on duct flanges are not acceptable.  Contractor may at his option (where space permits) use rectangular ductwork with DUCTMATE or Ward system in lieu of oval ductwork.    
Rectangular 90 degree elbows shall be constructed with single thickness turning vanes mounted on an integral rail. Mitered 90 degree elbows are not allowed unless approved by the Engineer and Construction Manager.  Radius type rectangular elbows shall have a centerline radius of 1‑1/2 times the duct diameter or width.  .  Elbows in round or oval ducts may be smooth long radius as described above or 5‑piece 90 degree elbows and 3‑piece 45 degree elbows.  Joints in round ducts shall be slip type with a minimum of three sheet metal screws.  Joints in sectional elbows shall be sealed as specified for duct sealing. 
[NOTE TO THE ENGINEER:  THE FOLLOWING TWO SUB-SECTIONS (2.04 & 2.05) SHOULD BE USED ONLY WHEN SECTION 23 73 23 - AIR HANDLERS IS NOT USED OR THE PLENUMS ARE OUTSIDE THE SCOPE OF THE FACTORY FABRICATED UNITS.] 

MIXED AND R. A. (LOW PRESSURE) CASING PLENUMS:
All low pressure casings and plenums shall be following gauges and construction:  
	Casing Height
	Galv
	Alum.
	Angles
	Standing Seams

	Up to 4'
	20 ga.
	.051
	1 x 1 x 1/8"
	1"

	4' to 6'
	18 ga.
	.051
	1 x 1 x 1/8"
	1"

	6' to 8'
	18 ga.
	.064
	1‑1/2 x 1‑1/2 x 3/16"
	1‑1/2"

	8' to 10'
	18 ga.
	.064
	1‑1/2 x 1‑1/2 x 3/16"
	1‑1/2"

	Over 10'
	16 ga.
	.064
	2 x 2 x 3/16"
	1‑1/2"


		


All low pressure casings shall be fabricated by the Mechanical Contractor enclosing the filter and automatic dampers as shown on the Drawings.  The casing shall be fabricated of galvanized sheet metal erected with 3 foot center maximum standing seams reinforced with 1/4 inch bars.  The casing shall be stiffened on three foot centers maximum with angle irons tack welded in place.
All openings to the casing shall be properly sealed to prevent any air leakage.  Access doors shall be installed as shown 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. 
Casings shall be anchored by the use of angle irons sealed and bolted to the curb and floor of the apparatus casing.  Submit Shop Drawings for approval.  The casing shall be tested and provided tight at a pressure of three inches water column.
The casing shall have 1" thick duct liner applied as specified under paragraph "Duct Liner" in this section.
MEDIUM PRESSURE BUILT‑UP UNIT CASINGS:
All medium pressure unit casings shall be fabricated by the Mechanical Contractor and shall enclose the filters and automatic dampers.  Casings shall be constructed of cellular, standing seam panels with 3" deep reinforced "hat" sections as manufactured by metal deck manufacturers and as shown and described in SMACNA High Velocity Duct Standards Manual.  Shop Drawings shall be submitted for approval showing casing construction details and equipment layout and mounting.  Shop fabricated cellular sections are acceptable under the foregoing conditions if evidence is provided to show ability of cellular section to withstand the static pressures of the system.
All openings to the casing shall be properly sealed to prevent any air leakage.  Access doors shall be installed for easy access to equipment 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 that can be operated from both the inside and the outside.  Hinges shall be equal to Ventlok #370.
Casing shall be anchored by the use of galvanized angle irons sealed and bolted to the curb and floor of the apparatus casing as shown on the SMACNA Drawings.
A fan discharge diffuser plate shall be located on the fan discharge and shall be constructed of 10 gauge steel perforated plate installed in 6" channel iron frames (8.2#) rigidly supported to withstand the high velocity discharge of the fan.  Perforations shall be 3/8" (.375") staggered on 11/16" centers (27% 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 diffuser plate, coat it with rust resistant paint.  After installation, touch‑up diffuser plate and paint channel iron frames with rust resistant paint.
Casing shall have 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.
ELBOWS:
Where rectangular elbows are shown, or are required for good air flow, contractor shall provide and install turning vanes.  Turning vanes shall be factory fabricated with integral support rail.  Radius elbows shall have a centerline radius of not less than one and one‑half (1‑1/2) times the duct width.  Submit Shop Drawings on factory fabricated and job fabricated turning vanes.  Provide turning vanes in all rectangular radius elbows and offsets. 
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.  
FLEXIBLE DUCTS:
Low Pressure Insulated Flexible Duct may be used where shown on the drawings.  Duct shall be made with factory pre-insulated duct supported by a corrosion resistant metal spiral, or a coated spring steel helix and solid inner liner mechanically interlocked or permanently bonded to the helix wire.covered with a minimum of 1‑1/2" thick, 3/4 lb. density fiberglass blanket sheathed in a vapor barrier of fiberglass reinforced aluminum foil and Mylar laminate.  The insulation shall have a minimum "K" factor of 0.29 at 60 degrees F. mean and a vapor barrier permeability rating of 0.05 per ASTM method E96‑66, Procedure A.  The C factor shall be 0.24 to meet HUD requirements.  The duct shall be rated for a positive working pressure of 10" w.g. and a temperature of up to 250 degrees F.  The duct shall comply with NFPA 90A and be listed and labeled by Underwriters Laboratories, Inc., as Class I Air Duct, Standard 181, and meet GSA, FHA and other U. S. Government standards; flame spread, not over 25; smoke developed, not over 50.  Flexible ducts shall be not more than 5’-0” in length, shall be installed as indicated in the diffuser connection detail, and shall be Flexmaster Type 1M or approved equal. 
The terminal ends of the duct core shall be secured by compression coupling or stainless steel worm gear type clamp equal to Ideal Series 56 Snaplock and shall be coated with the sealant specified for low pressure ductwork.  The fittings on Air Devices and on sheet metal duct shall be coated with the sealant specified for low pressure ductwork, then flexible duct core slipped over duct and coupling or clamp tightened, then connection sealed with more sealant.  Insulation of flexible duct shall be slipped over connection to point where insulation abuts mixing box or insulation on duct.  These insulation connections shall be sealed by imbedding fiberglass tape in the sealant specified for medium pressure ductwork and coating with more sealant to provide a vapor barrier.  (This applies to all flex connections to diffusers, grilles, etc. when allowed on the drawings.)
Medium and High Pressure Insulated Flexible Duct shall be factory applied insulation of 1" minimum thickness, 3/4 lb. density with a permeability rating of 0.30.  The duct shall be composed of dead soft, spiral wound, triple locked corrugated aluminum core covered with   Ratings shall be as described for Low Pressure Duct above.  Flexible ducts shall be not more than 2'‑0" in length, used for alignment or sound/vibration purposes only, and may only be installed in straight runs.  Flexible duct shall NOT be used for changes of direction of air flow,and shall be Flexmaster Type TL-M or approved equal.  Installation, clamps and sealing shall be the same as specified for rigid duct. 
DUCT LINER: 
NOTE:  ALL DUCTWORK SHALL BE EXTERNALLY INSULATED UNLESS OTHERWISE INDICATED ON THE PROJECT DRAWINGS.  (See Section 23 07 19, for the applicable insulation specification.)
Where indicated on the Drawings, ducts shall have lining equal to Fiberglass Aeroflex No. 150 duct liner.  Duct liner shall be one inch (1") thick unless otherwise indicated.  The liner shall be applied to the inside of the duct with heavy density side to the air stream and shall be secured in the duct with fireproof 3M #37 or St. Clair R41B adhesive, completely coating the clean sheet metal.  All joints in the insulation shall be "buttered" and firmly butted tightly to the adjoining liner using fireproof adhesive.  Where a cut is made for duct taps, etc., the raw edge shall be accurately and evenly cut and shall be thoroughly coated with fireproof adhesive.  On ducts over twenty‑four (24") in width or depth, the liner shall be further secured with mechanical fasteners.  The fasteners shall be A. J. Gerrard Company pronged straps, or approved equal, secured to the ducts by fireproof adhesive.  The clips shall be eighteen inch (18") maximum spacing and shall be pointed up with fireproof adhesive.  Liner shall be accurately cut and ends thoroughly coated with fireproof adhesive so that when the duct section is installed, the liner shall make a firmly butted and tightly sealed joint.  Where ducts are lined exterior insulation will not be needed unless otherwise noted, except that the two insulations shall not lap less than twenty‑four inches (24").  Dimensions given on the Drawings are metal sizes.  Refer to Section 23 00 00 for Flame‑Spread Properties.
Duct liner in medium pressure ducts shall be the same except a perforated metal liner shall be used over duct liner for securement in lieu of fasteners.
FACTORY LINED ACOUSTICAL DUCTS: (NOTE:  Must appear on the Drawings.)
Where indicated on the Drawings, furnish and install double wall internally insulated duct and fittings.
Duct shall consist of outer metal pressure shell, 1" thick glass fiber insulation and internal perforated metal liner.
Duct and fittings shall be equal to Acousti‑K 27 as manufactured by United McGill Sheet Metal Company.
FIBERGLASS-REINFORCED PLASTIC FUME HOOD EXHAUST DUCTWORK: 
NOTE TO ENGINEER: USE THE FOLLOWING ONLY WHEN SPECIFICALY DIRECTED; OTHERWISE USE STAINLESS STEEL FROM HOODS TO MAIN BRANCH, THEN USE GALVANIZED FOR MAINS.

DUCTWORK: (except for perchloric acid fume hoods) Round ductwork and fittings shall be filament‑wound polyester fiberglass reinforced plastic as manufactured by Peabody Spunstrand, Inc., Beverly Pacific, or an approved equal.  The exterior of the duct material shall have a flame spread rating less than 25 and smoke developed rating less than 50.  Fire and fire/smoke dampers shall not be installed in fume hood exhaust ductwork. 
RESIN:  Shall be Ashland Chemicals Hetron #197 which contains fillers as required for thioxtropic control or fire retardance, and gun metal gray pigment with ultraviolet (U.V.) inhibitor added to glass fiber resin. 
FITTINGS:
Laterals:  Standard lateral is 45 degree. 
Elbows:  Shall have a standard centerline radius of 1.5 times the diameter:
61 degree to 90 degree ells shall be 5 gore
31 degree to 60 degree ells shall be 3 gore
 0 degree to 30 degree ells shall be 2 gore
Duct and fittings shall be constructed with 20 mil surface liner. 
Wall thickness minimums:
 6" to 20" ‑ 0.125 inch
20" to 36" ‑ 0.187 inch
42" to 60" ‑ 0.250 inch
Interior Surfaces:  All duct and fittings shall have 20 mil surface mat liner.  Interior surfaces shall be free from pits, cracks and crazing.  Liner or surface wrinkles are permissible as long as free of pits, etc.
Joints:
Wet field joints (mat and resin) shall be a minimum of 4 inches in width and at least the same thickness as adjoining duct wall.  Joint shall be minimum one wrap for duct up to 22", two wraps for duct 23" to 48" and three wraps for ducts 49" to 60". Joint material shall be thoroughly saturated with the same type resin as used in duct and fittings.  The minimum joint overlap shall be three inches for all sizes.  The joint materials for outdoor ducts shall be color enhanced for a resultant color similar to the duct material. 
Ducts, fitting ends and field cuts shall be completely brush coated with catalyzed resin prior joint wrap so that no raw glass fibers are exposed.  The resin used shall be the same type as used in the duct and fitting filament winding.
Duct connections to exhaust fans shall be flanged. 
Ducts shall be supported similarly to that of low pressure sheet metal ducts except that at all support points the contractor shall provide a 1/8" thick neoprene band securely fastened to the duct, to avoid metal contact with FRP ducts.
LABORATORY EXHAUST DUCTWORK
Applies to stainless steel ductwork indicated in specification application table for Laboratory Exhaust Systems.
Provide exhaust ductwork of minimum gages:.  

	DUCT SIZE
	GAGE

	28-inch diameter or less
	18

	30-inch to 60-inch diameter
	16

	61-inch diameter or greater
	14

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


ALL LAB EXHAUST DUCTWORK SHALL HAVE LONGITUDINAL BUTT (“SOLID”) WELD SEAMS WITH BUTT WELD JOINTS.  Butt-weld all joints and fittings using Gas Tungsten Arc Welding (“TIG”). Welding procedures shall meet the requirements of AWSD1.1.  Welds on exposed ductwork inside the building shall be ground and polished.  Duct sealant shall not be used to seal ductwork
Provide required transitions from duct to equipment and make equipment connections as called out on drawings. 
Fittings:
Refer to Round and Oval Ducts and Fittings General Requirements in this specification.  Transverse and longitudinal seams shall be butt welded joints.
Refer to drawings for additional information.
Submit certification of welder’s qualifications to perform the required welding operations and all project WPS for TIG welding sheet metal.  All welder certifications shall be maximum 2 years prior to date of awarding contract.
PERCHLORIC ACID FUME HOOD EXHAUST DUCTWORK: 
Duct and stack material shall be Type 316 Stainless Steel, welded construction.  Duct sealant shall not be used to seal this ductwork.  All ductwork shall be installed as vertical as possible within the constraints of the design indicated in the drawings.  In all cases, the ductwork shall be installed so that the wash down water shall drain back to the hood. 
Metal gauges shall be as specified in 1985 SMACNA Standards for Low Pressure Ductwork.  Fittings shall be as specified for FRP ductwork, Paragraph 3.29. 
Perchloric exhaust ductwork and stack shall be installed with a complete wash down system, piped from the hood location to points along the ductwork and stack as indicated in the drawings.  Spray nozzles shall be installed at the locations of the piping entry into the ductwork and stack.  The stack shall drain back to the fan, which shall include a drain from the bottom of the scroll back to the exhaust ductwork.  All piping to and from the ductwork and stack shall be threaded Type 316 Stainless Steel.
ALUMINUM DUCTWORK: 
Provide aluminum ductwork only where indicated on the drawings. 
Duct joints shall be all soldered construction, one standard gauge heavier than for the same size galvanized steel ducts.
DUST COLLECTOR SYSTEMS: 
Duct system shall be galvanized, constructed and supported in accordance with SMACNA Industrial Round Duct Construction for Class 2, 8" w.g. pressure. 
KITCHEN HOOD EXHAUST
Minimum 16ga black steel or stainless steel as indicated on drawings.
Slope back to hood.
Provide access doors at all changes in direction.
Fire protect per NFPA and IMC.
Manufactured double wall duct systems with NFPA certification for grease systems may be used in lieu of above.
EXECUTION
INSTALLATION
Refer also to requirements included in Part 2 of this specification.
Obtain manufacturer's inspection and acceptance of fabrication and installation of fiberglass ductwork prior to beginning of installation.
Provide openings in ductwork where required to accommodate thermometers and controllers.  Provide pilot 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.
Locate ducts with sufficient space around equipment to allow normal operating and maintenance activities.
Slope underground ducts to plenums or low pump out points at 1:500.  Provide access doors for inspection.
Coat buried, metal ductwork without factory jacket with one coat and seams and joints with additional coat of asphalt base protective coating.
Set plenum doors 6 to 12 inches above floor.  Arrange door swings so that fan static pressure holds door in closed position.
Connect terminal units to medium or high pressure ducts directly or with two feet maximum length of flexible duct.  Do not use flexible duct to change direction.  Allow for a minimum of 3 diameters of straight duct to the entrance of all terminal units.
Connect diffusers with 5’-0” maximum length or troffer boots with 2’ maximum length of flexible duct to low pressure ducts.  Hold in place with strap or clamp, and seal as specified. Use Flexflow or similar support.
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 or galvanized steel for ducts where concealed.
During construction provide temporary closures of metal or taped polyethylene on open ductwork to prevent construction dust from entering ductwork system.
LOW PRESSURE DUCT SUPPORTS:
See Section 23 05 29.
MEDIUM PRESSURE DUCT SUPPORTS:
See Section 23 05 29.
DUCTWORK APPLICATION SCHEDULE
	AIR SYSTEM
	MATERIAL

	Untreated Outside Air Intake
	Galvanized Steel,304 or 316 Stainless Steel

	Medium Pressure Supply	
	Galvanized Steel

	Low Pressure Supply
	Galvanized Steel 

	
	

	Return/Relief Air 
	Galvanized Steel

	
	

	General Exhaust Air 
	Galvanized Steel 

	Kitchen Hood Exhaust
	[316L Stainless Steel or Black Iron] [Double Wall UL listed ductwork] [Note 1]

	Dishwasher/Shower Exhaust
	316L Stainless Steel or Aluminum

	Lab Hood/Biosafety Cabinet Exhaust
	[316L Stainless Steel] [Note 1]

	
	

	Rooftop ductwork
	316L Stainless Steel

	Emergency Generator Exhaust
	Double Wall or Black Steel



NOTE TO SPECIFYING ENGINEER: FOR EXHAUST DUCTWORK WITH SPECIFIC REQUIREMENTS (E.G. PERCHLORIC ACID HOOD EXHAUST, KITCHEN HOOD EXHAUST, ETC), INDICATE SPECIFIC MATERIAL TO BE USED. 

CLEANING OF SYSTEMS:
Before turning the installation over to the Owner, all ducts should be cleaned and blown free of all dust and dirt that has collected in the ducts.
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