SECTION 07142 - HOT FLUID-APPLIED WATERPROOFING


BUILDING NO.	SC#
PROJECT NAME


SECTION 233113 – METAL DUCTS

GENERAL
SUMMARY
Related Documents:
Drawings and general provisions of the Subcontract apply to this Section.
Review these documents for coordination with additional requirements and information that apply to work under this Section.
Section Includes:
0. Low-pressure ducts.
Medium- and high-pressure ducts.
Plenums.
Duct Liner.
Duct Sealant.
Duct Gaskets.
Duct Coatings.
Duct Cleaning.
Related Sections:
0. Division 01 Section "General Requirements."
Division 01 Section "Special Procedures."
Division 01 Section "Construction Waste Management".
Division 09 Section "Painting".
Division 23 Section "Hangers and Supports for HVAC Piping and Equipment" for sleeves.
Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment".
Division 23 Section "Duct Insulation".
Division 23 Section "Metal Ducts Fittings".
Division 23 Section "Air Terminal Units".
Division 23 Section "Air Inlets and Outlets".
Division 23 Section "Testing, Adjusting, and Balancing for HVAC".
REFERENCES  
General:
The following documents form part of the Specifications to the extent stated. Where differences exist between codes and standards, the one affording the greatest protection shall apply.
Unless otherwise noted, the referenced standard edition is the current one at the time of commencement of the Work.
Refer to Division 01 Section "General Requirements" for the list of applicable regulatory requirements.
Refer to Division 23 Section "Common Results for HVAC" for codes and standards, and other general requirements.
Code of Federal Regulation (CFR):
0. 29 CFR 1910.7 Definitions and Requirements for a Nationally Recognized Testing Laboratory (NRTL)
American Conference of Governmental Industrial Hygienists (ACGIH):
0. ACGIH Industrial Ventilation
American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE):
0. ASHRAE Handbook Series Fundamentals, Latest Ed.: Duct Design Chapter
ASHRAE Handbook Series Equipment, Latest Ed.: Duct Construction Chapter
ASTM International:
0. ASTM A90 / A90M 	Standard Test Method for Weight [Mass] of Coating on Iron and Steel Articles with Zinc or Zinc-Alloy Coatings
ASTM A 167 	Standard Specification for Stainless and Heat-Resisting Chromium-Nickel Steel Plate, Sheet, and Strip
ASTM A653 / A653M 	Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process
International Conference of Building Officials (ICBO):
0. ICBO UMC Chapter 11
National Fire Protection Association (NFPA):
0. NFPA 90A 	Installation of Air Conditioning and Ventilating Systems
NFPA 90B 	Installation of Warm Air Heating and Air Conditioning Systems
Sheet Metal and Air Conditioning Subcontractors National Association (SMACNA):
0. SMACNA HVAC Duct Construction Standards
SMACNA Round Industrial Duct Construction Standards
SMACNA Rectangular Duct Construction Standards
IAQ Guidelines for Occupied Buildings Under Construction.
Underwriters Laboratories Inc. (UL):
0. UL 181 Factory-Made Air Ducts and Air Connectors
DEFINITIONS
Medium pressure ductwork includes:
All duct risers enclosed in shafts.
All exhaust ductwork connected to fans with scheduled static pressure exceeding 2" water column.
All supply ductwork upstream of airflow control (or VAV) terminals or reheat coils.
Other ductwork noted or specified as medium pressure construction.
Low pressure ductwork includes:
0. All galvanized ductwork downstream of air terminals and reheat coils, horizontal toilet exhaust duct, and ducts not included under medium pressure ductwork above.
Glass Wash Exhaust Ductwork:  Stainless steel construction conforming to medium pressure standards.
Fume Exhaust Ductwork:
0. See Drawings for locations and extent of stainless steel, coated steel ductwork,  and galvanized ductwork.
General extent of stainless steel ductwork includes laboratory exhaust risers, horizontal penetrations through shafts to a floor, and the common exhaust plenums at the roof.
General extent of coated steel ductwork includes Clean Room exhaust up to point of connection to the common exhaust plenum at the roof.
Duct pressure classification shall be as specified herein and not as recommended in SMACNA publications.
Do not use black steel ductwork, sheet metal, duct reinforcing, devices, supports, or fasteners in the Clean Room interstitial space.  Such items shall be galvanized, plated, coated, or painted.
LEED Requirements
Credit EQ 3.1: Construction Indoor Air Quality Management Plan
Conform to the requirements of Division 01 Section "Construction IAQ Management Plan".
Protect stored on-site and installed absorptive materials from moisture damage.
Maintain ductwork internal cleanliness as specified.
If air handlers must be used during construction, provide filtration media at return and exhaust air inlets as specified.
Replace filtration media immediately prior to occupancy. This filtration media replacement is the same as required by EQ 3.2 100 percent outside air flush-out.
Credit EQ 3.2:  Construction Indoor Air Quality Management Plan:
0. After construction ends and prior to occupancy, provide a minimum two weeks building 100 percent outside air flush-out with specified filtration media.
After flush-out, replace filtration media as specified.
Credit EQ 4.1:  Low-Emitting Materials:
0. Meet or exceed VOC limits for adhesives and sealants.  Adhesives must meet or exceed the VOC limits of South Coast Air Quality Management District Rule #1168 by, and sealants used as a filler must meet or exceed Bay Area Air Quality Management District Reg. 8, Rule 51.
Credit ID 1.1:
0. Meet or exceed VOC limits for adhesives and sealants used in the exterior of the building.  Adhesives must meet or exceed the VOC limits of South Coast Air Quality Management District Rule #1168 by, and sealants used as a filler must meet or exceed Bay Area Air Quality Management District Reg. 8, Rule 51.
SUBMITTALS
Submit under provisions of Division 23 Section "Common Results for HVAC, Review of Materials and Division 01 Section "General Requirements."
Ductwork.
Single and double wall plenums.
Cleaning Process
Shop Drawings:
Factory- and shop-fabricated ducts and fittings.
Duct reinforcement and construction schedules.
Duct support details, and structural members to which duct will be attached.
Detailed duct shop drawings at 1/4" - 1'-0" scale in accordance with Division 23 Section "Common Results for HVAC", of mechanical rooms, riser elevations, and floor plans.
Duct layout indicating sizes, configuration, liner material, and static-pressure classes.
Duct installation in congested spaces, indicating coordination with general construction, building components, and other building services. Indicate proposed changes to duct layout.
Locations for duct accessories, including dampers, turning vanes, and access doors and panels.
Penetrations through fire-rated and other partitions. 
Single wall plenums.
Double wall acoustic plenums.  Include calculations stamped & signed by a registered structural engineer.
Written program outlining protection of ductwork from contamination with dirt and procedures for cleaning contaminated ductwork.
Test Reports: Indicate pressure tests performed. Include date, section tested, test pressure, and leakage rate, following SMACNA (LEAK) – HVAC Air Duct Leakage Test Manual.
Samples:
0. Stainless Steel Fume Exhaust Duct and Plenum Welding Specimens:  Provide hand-welded and machine-welded specimens of each gauge of welded stainless steel fume exhaust duct.  Samples shall be 10" diameter showing the joining of round duct sections as will be done in the field.  Submit detailed description of weld techniques, including method, shielding gas, gas rate, filler metal and size, filler feed rate, welding current and voltage, and welding speed.
Coated Steel Duct:  Provide 10 inches x 10 inches and 10 inches diameter specimens showing welding, sand blasting, coatings, galvanizing repair, sealing, and joining.  Submit detailed description of fabrication, sand blasting, coating, galvanizing repair, sealing, and joining.
Internal Duct Liner:  Provide a specimen of duct liner, specified in Division 23 Section "Ductwork Insulation", mounted on an 8 inches x 8 inches 24 gauge plate indicating method of attachment at edge treatment.
LEED Submittals:
0. Credit IEQ 3.1: Construction Indoor Air Quality Management Plan:  Submit documentation that an Indoor Air Quality Management Plan was developed, what it was, and that it was implemented, including:
SMACNA IAQ Guidelines Chapter 3
Protection of absorptive materials
Maintaining ductwork internal cleanliness
Filtration used at return and exhaust air inlets if air handlers were used during construction
Filtration replaced immediately prior to construction
Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1.

Credit IEQ 3.2:  Construction Indoor Air Quality Management Plan: 
Submit documentation that the minimum two weeks building 100 percent outside air flush-out was completed, including dates when the flush-out was begun and completed and what steps were taken to guarantee 100 percent outside air usage.
Submit documentation for the filtration media used during the flush-out period, including filtration media manufacturer’s name, model number, and MERV value.
Submit documentation that filtration was replaced immediately, prior to occupancy including filtration media manufacturer’s name, model number, and MERV value.
Credit IEQ 4.1:  Low Emitting Materials:
Provide a cut sheet and a Material Safety Data Sheet for each adhesive used in the building highlighting compliance with South Coast Air Quality Management District Rule #1168. Include printed statement of VOC content.
Provided a cut sheet and a Material Safety data Sheet for each sealant used in the building highlighting compliance with Bay Area Air Quality Management District Reg. 8, Rule 51. Include printed statement of VOC content.
Credit ID 1.1:
Provide a cut sheet and a material Safety Data Sheet for each adhesive used in the exterior of the building highlighting compliance with South Coast Air Quality Management District Rule #1168.
Provide a cut sheet and a Material Safety Data Sheet for each sealant used in the exterior of the building highlighting compliance with bay Area Air Quality management District Reg. 8, Rule 51.
Product Data for Prerequisite EQ 1:  Documentation indicating that duct systems comply with ASHRAE 62.1-2013, Section 5 - "Systems and Equipment."
Duct-Cleaning Test Report for Prerequisite EQ 1:  Documentation of work performed for compliance with ASHRAE 62.1-2013, Section 7.2.4 - "Ventilation System Start-Up."
Product Data for Prerequisite EA 2:  Documentation indicating that duct systems comply with ASHRAE/IESNA 90.1-2004, Section 6.4.4 - "HVAC System Construction and Insulation."
Leakage Test Report for Prerequisite EA 2:  Documentation of work performed for compliance with ASHRAE/IESNA 90.1-2004, Section 6.4.4.2.2 - "Duct Leakage Tests."
ENVIRONMENTAL GUIDELINES
Comply with –Division 01 Section "Construction Waste Management".
Minimize the use of virgin material and waste during construction.  Use low-VOC mastics.
QUALITY ASSURANCE
ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2013, Section 5 - "Systems and Equipment" and Section 7 - "Construction and System Start-Up."
ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2013, Section 6.4.4 - "HVAC System Construction and Insulation."
PERFORMANCE REQUIREMENTS
Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1-2013.
Fitting type may be substituted only for fittings of equal to or lesser pressure drop, with written permission from engineer.
Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam and joint construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and performance requirements and design criteria indicated in "Duct Schedule" Article.
<Retain seismic options and design criteria in first paragraph below that are approved by University.>
Structural Performance: Duct hangers and supports[ and seismic restraints] shall withstand the effects of gravity[ and seismic] loads and stresses within limits and under conditions described in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" [and] [ASCE/SEI 7.] [SMACNA's "Seismic Restraint Manual: Guidelines for Mechanical Systems."] <Insert document.>
<Retain one of three subparagraphs below if retaining "SMACNA's 'Seismic Restraint Manual: Guidelines for Mechanical Systems'" option in paragraph above. If using other seismic design criteria, delete three subparagraphs below.> 
Structural Performance:
Seismic Hazard Level A: Seismic force to weight ratio, 0.48.
Seismic Hazard Level B: Seismic force to weight ratio, 0.30.
Seismic Hazard Level C: Seismic force to weight ratio, 0.15.
REGULATORY REQUIREMENTS 
Construct ductwork to NFPA 90A standards.
PRODUCTS
Ductwork:
Sheet Metal for Ducts 
[bookmark: _GoBack]G90 galvanized steel sheets with 0.90 oz./sq. ft. coating total for both sides, conforming to ASTM A653, lock-forming grade, of gauges as specified hereinafter, except where another material is specifically indicated. 
Recycled content:  28 percent minimum total recycled content containing a minimum of 16 percent post-consumer steel.
Finishes for Surfaces exposed to view: Mill phosphatized.
Fume Exhaust Ducts, Fume Exhaust Plenums, Glass Wash Exhaust Duct.  
0. Type 316L Stainless Steel, 16 gauge. Comply with ASTM A480/A 480 M
Internally coated, externally galvanized sheet metal, 16 gauge.  Coating specified hereinafter.
See Drawings for extent of stainless steel and coated steel ductwork.  Use galvanized sheet metal where stainless steel or coated steel are not indicated.
See Part 3 – Execution for duct construction requirements.
Flexible Ducts:  See Division 23 Section "Metal Duct Fittings".
See PART 3 - EXECUTION, and drawings for duct construction requirements
Single Wall Plenums:
Machine formed panels, 18 gauge steel with 3" standing seams 16" on center.
General Duty:  Galvanized steel.
duct liner
Flexible Elastomeric Duct Liner: Preformed, cellular, closed-cell, sheet materials complying with ASTM C 534, Type II, Grade 1; and with NFPA 90A or NFPA 90B
Surface-Burning Characteristics: Maximum flame-spread index of 25 and maximum smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.
Liner Adhesive: As recommended by insulation manufacturer and complying with NFPA 90A or NFPA 90B.
For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Natural-Fiber Duct Liner: 85 percent cotton, 10 percent borate, and 5 percent polybinding fibers, treated with a microbial growth inhibitor and complying with NFPA 90A or NFPA 90B.
0. Maximum Thermal Conductivity: [0.24 Btu x in./h x sq. ft. x deg F (0.034 W/m x K)] <Insert conductivity> at75 deg F (24 deg C) mean temperature when tested according to ASTM C 518.
Surface-Burning Characteristics: Maximum flame-spread index of 25 and maximum smoke-developed index of 50 when tested according to ASTM E 84; certified by an NRTL.
Liner Adhesive: As recommended by insulation manufacturer and complying with NFPA 90A or NFPA 90B.
For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
Insulation Pins and Washers:
0. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully annealed for capacitor-discharge welding, [0.106-inch- (2.6-mm-)] [0.135-inch- (3.5-mm-)] diameter shank, length to suit depth of insulation indicated with integral 1-1/2-inch (38-mm) galvanized carbon-steel washer.
Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- (0.41-mm-) thick [galvanized steel] [aluminum] [stainless steel]; with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches (38 mm) in diameter.
Duct Sealant
For non-fume exhaust duty and galvanized fume exhaust duty:  United Duct Sealer, 3M #800, or equal, non-flammable, U.L. labeled.
For coated steel fume exhaust duty:  Epoxy sealant specified hereinafter.
Two-Part Tape Sealing System:
For indoor applications, use sealant that has a VOC content of 250 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
Tape: Woven cotton fiber impregnated with mineral gypsum and modified acrylic/silicone activator to react exothermically with tape to form hard, durable, airtight seal.
Water resistant.
Mold and mildew resistant.
Maximum Static-Pressure Class: 10-inch wg (2500 Pa), positive and negative.
Service: Indoor and outdoor.
Service Temperature: Minus 40 to plus 200 deg F.
Substrate: Compatible with galvanized sheet steel or stainless steel.
Solvent-Based Joint and Seam Sealant:
0. Application Method: Brush on.
For indoor applications, use sealant that has a VOC content of 250 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
VOC:  Maximum 395 g/L.
Water resistant.
Mold and mildew resistant.
Flanged Joint Sealant:  Comply with ASTM C 920.
1.	For indoor applications, use sealant that has a VOC content of 250 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
Duct Gaskets
For non-fume exhaust duty and galvanized fume exhaust duct duty:  Tremco 440, Ductmate 440, or equal, minimum 3/16" thick by 1/2" wide.
For stainless steel and coated fume exhaust duct duty:  Where removable sections are required, use hypalon gaskets with silicone mastic.
Internal Duct Coatings
The coatings shall be a cross-linked epoxy-phenolic material cured with an alkaline curing agent.
The coating shall have a chemical, abrasive and temperature resistance no less than that of Plasite 7122L.
The coating shall be specifically approved by the manufacturer for internal lining of steel exhaust ducts.
Follow manufacturer’s specific direction equal to Plasite 7122L, Zone A useage requiring sand blasting of the galvanized steel duct surface and multiple layers for a total film thickness of 12-13 mils.
The coating manufacturer shall provide specific instruction for minor and major coating repair procedures including repair of holidays, scratches, and cutting ductwork and connecting new ductwork.
Seams and joints shall be sealed with Plasite 7122 Joint Adhesive Sealant (JAS) or Tnemec 63-1500, unless removable gasketed joints are specified.
Transportation, storage, use application, curing and disposal of coating shall conform to environmental regulations including those of the Bay Area Air Quality Management District.
Acceptable Manufacturer – Internal Duct Coatings:
0. Plasite 7122L or TNEMEC 282.
Acceptable Substitute – Internal Duct Coatings:
0. 3M Skotchkote 134 Fusion-Bonded Epoxy.
HANGERS AND SUPPORTS
Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.
Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or galvanized rods with threads painted with zinc-chromate primer after installation.
Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1 (Table 5-1M), "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct."
Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A 603.
Steel Cables for Stainless-Steel Ducts: Stainless steel complying with ASTM A 492.
Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, and bolts designed for duct hanger service; with an automatic-locking and clamping device.
Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
Trapeze and Riser Supports:
Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.
Supports for Stainless-Steel Ducts: Stainless-steel shapes and plates.
Supports for Aluminum Ducts: Aluminum or galvanized steel coated with zinc chromate.
EXECUTION
Ductwork
Where not otherwise specified herein, shown, noted, or required by codes, work shall conform to "HVAC Duct Construction Standards, Metal and Flexible," latest edition, as published by the Sheet Metal and Air Conditioning Contractors National Association, Inc., (SMACNA).
4 inches (100 mm) w.g. class for herein specified medium pressure ductwork.
2 inches (50 mm) w.g. class for herein specified low pressure ductwork.
At the Subcontractor’s option, round ducts may be substituted for rectangular ducts or rectangular ducts may be substituted for round ducts, providing that the substituted duct has a pressure drop per unit length equivalent to the original duct.  As with other substitutions, the Subcontractor bears the responsibility for equivalency, fit, clearances, coordination, etc.
Do not use black steel materials in the Clean Room interstitial space or in related air flow paths.
Construction Indoor Air Quality:
0. Follow control measures of SMACNA IAQ Guidelines for Occupied Buildings Under Construction, Chapter 3, latest edition as described in Division 01 Section "Construction IAQ Management Plan".
Protect stored on-site or installed absorptive materials from moisture damage.
After fabrication in the shop, wipe down interior of each piece of supply air and return air ductwork with a lint-free rag, using a solution of 30 percent isopropyl alcohol and 70 percent water.  Cap/seal supply, return, and exhaust air air duct openings immediately after fabrication or cleaning.  Schedule deliveries to the job site to match installation to avoid excessive storage a the job site.  Store ductwork at the job site in closed trailers or in the immediate area in which is will be installed.  Ducts at the site that have opening seals perforated are to be re-cleaned per shop cleaning requirements and re-sealed until needed for installation.  Maintain caps/seals on openings of installed ducts.  If openings of installed ducts have their seals perforated, re-clean contaminated duct sections per shop cleaning requirements.  Demonstrate the cleanliness quality control to the University.
Prior to operating air handling systems, verify internal cleanliness of air handlers, plenums, and ducts, and that filters are in place.  Contamination requires re-cleaning per shop cleaning requirements.  Demonstrate to the University the cleanliness of the systems before operation.  Provide security protocol to limit access to systems to avoid contamination.
No supply, return, or exhaust air systems are to be operated without the specific permission of the University.
Provide filtration at return and exhaust air inlets of systems that are operated prior to completion of construction.  Filtration shall have a Minimum Efficiency Reporting Value (MERV) of 8, as determined by ASHRAE 52.2-1999.
After construction ends and prior to occupancy, conduct a minimum two-week building flush-out with new specified filtration media at 100 percent outside air. 
Duct Placement and Fittings:
0. Fabricate ducts to net inside clear dimensions using specified sizes.  Where internal duct liner is used, enlarge duct sizes so that specified sizes result in net clearance dimensions inside lining.
Form transitions with uniform taper not exceeding 15 degree included angle, unless shown otherwise on Drawings.
Install ducts with fewest possible joints. 
Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building. 
Install ducts with a clearance of 2 inch, plus allowance for insulation thickness. 
Route ducts to avoid passing through transformer vaults and electrical equipment rooms and enclosures. 
Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers. 
Offsets over 15 degrees shall have two radius turns or square turning vanes.
Where it is not possible to insulate ducts after installation, ducts shall be insulated before final installation.  Tightness of work will not be accepted as a valid reason for omitting insulation.  Where insulation is omitted, ducts will be removed, insulated and reinstalled.
Exposed Ducts:  Exercise extreme care to produce neat and pleasing-in-appearance joints, connections, supports and other modifications. 
Ducts shall have no offsets, dents or dings.  
Grind welds to provide smooth surface free of burrs, sharp edges and weld splatter. 
They shall be clean and grease-free.  Remove excess sealant. 
Appearance must be acceptable to the University.
Install ducts true to line and grade. 
Make changes of direction by curved sections with long radius curved elbows or square elbows with turning vanes as shown.  
Closely fit and accurately place ducts and coordinate with work of other trades.  Ducts must be so placed that piping, ceiling support grid, ceilings, and light fixtures may be installed without warping, springing or deforming ducts.
Angles and standing seams on ducts exposed in occupied areas shall have the corners chamfered 45 degrees  with 1/4" rounded edges and ground smooth.
Seal duct penetrations through walls and floors.
Provide inlet and outlet duct transitions at reheat coils, constant, variable, and air flow control terminal whether or not such transition is shown on the drawings.
Provide openings in ductwork wherever required to accommodate sensors.
Closely coordinate roof penetrations with architectural details.
Low Pressure Rectangular Ductwork:  
0. Longitudinal seams:  Flat crimped Pittsburgh lock with specified sealant, applied over seam.  
Transverse Joints:  Ductmate 35, TDC, or equal with specified gasket. 
Cross break or bead sides.
Construction and Reinforcement:


	


Largest Dimension of Duct 
	

US STD. Gauge
GSM
	


Max. Joint Spacing
	



Transverse Joint Size 
	

Intermediate 
Angle 
Stiffener1

	Thru 12 inches
(Thru 355 mm)
	26
(0.7 mm)
	96 inches
(2438 mm)
	As specified
	None

	13 to 30 inches
(330 to 762 mm)
	24
(0.7 mm)
	60 inches
(1524 mm)
	As specified
	None

	31 to 36 inches
(787 to 914 mm)
	22
(0.85 mm)
	60 inches
(1524 mm)
	As specified
	None

	37 to 48 inches
(940 to 1220 mm)
	20
(1 mm)
	60 inches
(1524 mm)
	As specified
	None

	49 to 60 inches
(1245 to 1524)
	18
(1.31 mm)
	60 inches
(1524 mm)
	As specified
	None

	61 to 84 inches2
(1550 to 2134 mm)
	18
(1.31 mm)
	60 inches
(1524 mm)
	As specified
	1-1/2 by 1-1/2 by 1/8 inches
(38 by 38 by 3 mm)



1	Required on four sides.  Weld or bolt angles where they join.  Mild steel.
2	Provide 3/8 inches (10 mm) diameter tie rods maximum 36 inches (914 mm) o.c. at each joint.

Medium Pressure Rectangular Ductwork:  
0. Longitudinal seams:   Same as for low pressure ductwork.  
Transverse Joints Ductmate 35, TDC, or equal, with specified gaskets. 
Cross break or bead sides of ducts.  
Seal flanged joints, companion angle joints, and Ductmate joints with specified gasket material, triple lapped at corners.  Torque bolts evenly to 1/16" compression of tape.  Alternate:  Apply 3/8" bead of specified sealant to both faces before bolting.
Construction and Reinforcement:

	

Largest Dimension of Duct 
	

US STD. Gauge
GSM
	


Max. Joint Spacing
	



Transverse Joint Size 
	

Intermediate 
Angle 
Stiffener1

	Thru 12 inches
(Thru 355 mm)
	24
(0.7 mm)
	60 inches
(1524 mm)
	As specified
	None

	13 to 18 inches
(330 to 457 mm)
	22
(0.85 mm)
	60 inches
(1524 mm)
	As specified
	None

	19 to 24 inches
(483 to 610 mm)
	22
(0.85 mm)
	60 inches
(1524 mm)
	As specified
	None

	25 to 36 inches
(635 to 914 mm)
	24
(0.7 mm)
	60 inches
(1524 mm)
	As specified
	1-1/2 by 1-1/2 by 1/8 inches
(38 by 38 by 3 mm)

	37 to 48 inches
(940 to 1220 mm)
	22
(0.85 mm)
	60 inches
(1524 mm)
	As specified
	1-1/2 by 1-1/2 by 1/8 inches
(38 by 38 by 3 mm)

	49 to 60 inches
(1245 to 1524)
	20
(1 mm)
	60 inches
(1524 mm)
	As specified
	2 by 2 by 3/16 inches
(50 by 50 by 4.7 mm)

	61 to 96 inches2
(1550 to 2438 mm)
	18
(1.31 mm)
	60 inches
(1524 mm)
	As specified
	2-1/2 by 2-1/2 by 3/16 inches
(62 by 62 by 4.7 mm)

	Over 96 inches3-4
(Over 2438 mm)
	16
(1.61 mm)
	48 inches
(1220 mm)
	3 by 3 by 3/16 inches C.F.
(75 by 75 by 4.7 mm)
	3 by 3 by 3/16 inches
(75 by 75 by 4.7 mm)



1	Required on four sides.  Weld or bolt angles where they join.  Mild steel.
2	Provide 3/8 inches (10 mm) diameter tie rods maximum 36 inches (914 mm) o.c. at each joint.
3	Weld 24 (610 mm) long 3/4 (18 mm) round knee brace inside duct at each corner to intermediate stiffener 8 feet (2.4 m) on center.
	C.F. = Companion angle flanges.
Round Ductwork - HVAC:
0. Provide spiral round ductwork where shown on the Drawings.
Duct Gauges:

	Size
	Low Pressure
	Medium Pressure

	Thru 8 inches (Thru 200 mm)
	26
	26

	9 to 14 inches (230 to 355 mm)
	26
	26

	14 to 26 inches (355 to 660 mm)
	26
	24


Fittings:  United McGill, Western Engineering Co., Lindab, or equal.
Low Pressure:  
Elbows:  26 gauge smooth.  Pleated not allowed.
Other:  26 gauge Uniweld.  Spot welded and sealed joints.
Medium Pressure:
	Elbows:  20 gauge die-stamped.  All-welded joints.
	Other:  20 gauge Uniform.  All-welded joints.
Elbows:  Radius to center of duct shall not be less than 1.5 times the diameter of the duct.
Reducers:  Machine formed to ASME short flow nozzle shape.
Tees:  Conical tap machine formed to short flow nozzle shape.
Laterals:  Machine formed to ASME short flow nozzle, conical tap at 45 degrees F.
Round tap fittings:   Saddle type for round duct or conical for rectangular ducts as shown on the Drawings.
Round Duct Joints:  Join by means of couplings with swaged bead in center and secured with sheet metal screws at each end of coupling.  Make duct-to-fittings joints by either a tight slip fit of the fitting lapped inside the duct or by means of couplings with swaged bead in center, secured with sheet metal screws.  Screw spacing:  6 inches (150 mm) unless otherwise shown on the Drawings.  Seal joints and seams with specified internal sealant applied continuously around the coupling.
Watertight Ducts:  Glass Wash:
0. Fabricate duct with all-welded joints and seams and reinforce according to the stainless steel fume exhaust duct standard.
Make 100 percent watertight.
Slope ducts back towards equipment, canopy hoods, drain points, etc. or as shown on the drawings.
Fume Exhaust Ductwork and Plenums:
0. Galvanized Steel Construction:  Conform to the requirements of medium pressure ductwork specified hereinbefore but minimum duct gauge shall be 18 gauge (1.31 mm).
Stainless Steel Construction:
Round ducts and fittings:  Longitudinal seam 316L 16 gauge stainless steel for all sizes with welded seams and fitting joints.
Rectangular ducts and fittings:  316L 16 gauge stainless steel for all sizes conforming to medium pressure duct reinforcing requirements.  Form duct with only one longitudinal welded seam.
All stainless steel joint construction to be continuously butt welded (use appropriate filler rod) using Surface Tension Power (STT) system with 10 percent CO2 shielding gas by Lincoln Electric Invertec STT ll, or equal (no known equal).  Welding must be done by a welder certified to butt weld 16 gauge 316L or 304 stainless steel.  Welding and welding certification shall be in accordance with AWS 1964.  Exterior welds on exposed ducts to be ground smooth.  Identify field welds on shop drawings and provide access for field inspection of same.  
Provide specfied flanged joints with gaskets and mastic where there is no room for welding and/or where shown on Drawings, only where approved in advance by the University.  There may be no more than 5 percent flanged joints out of joints, including shop and field welded joints.
Provide welded-in stainless steel threaded nipples where required for pipe connections such as for drains, storage cabinet vents, etc.
Finished stainless steel items shall have edges, joints and welds ground smooth and have a mill finish.  There are to be no visible weld marks, discoloration, or scratches.
Coated Steel Construction:
Round Ductwork:
Longitudinal seams shall be continuously butt-welded construction.  Install with seams at top of duct.  Cover seam joints with specified sealant.
Construction and Reinforcement:


	

Largest Dimension of Duct 
	

US STD. Gauge
GSM
	


Max. Joint Spacing
	



Transverse Joint Size 
	Companion 
Angle 
Vanstone 
Flange 
Connection
	

Intermediate 
Angle 
Stiffener

	Thru 14
(Thru 355 mm)
	16
(1.61 mm)
	48 inches
(1220 mm)
	1 by 1 by 1/8 inches
(25 by 25 by 3 mm)
	C.F.
	None

	15 to 24 inches
(381 to 610 mm)
	16
(1.61 mm)
	48 inches
(1220 mm)
	1-1/2 by 1-1/2 by 1/8 inches
(38 by 38 by 3 mm)
	c.f.
	None




Metal Gauge:  Use 16 gauge (1.61 mm) regardless of size where regular welding is required.
Round Fittings:
Elbows:  Elbows shall have a centerline radius of minimum 1.5 times the duct diameter.  Elbows up to 15 degrees shall be 3 pieces, 30 degrees 4 pieces, and 5 pieces between 31 to 90 degrees.  Elbows shall be fabricated from continuously butt-welded gore sections.  Gore sections shall be welded and finish ground to eliminate internal and external projections.
Increasers and Reducers:  ASME short flow nozzle shape, continuously butt-welded.
Tees:  Conical short flow nozzle shape continuously butt-welded.  
Laterals:  Conical ASME short flow nozzle shape at 30 degrees  to 45 degrees , continuously butt-welded.
Round Tap Fittings:  45 degrees conical taps, continuously butt-welded.
Join fittings using companion–angle Vanstone flange connection.  Seal connection with specified sealant or gasket when a removable connection is required.
Rectangular or Square Ductwork
Longitudinal seams shall be continuously welded.  Fabricate duct sections with one longitudinal seam and install with seam at top of duct.  Cover seam with specified sealant.
Construction and Reinforcement:

	

Largest Dimension of Duct 
	

US STD. Gauge
GSM
	


Max. Joint Spacing
	



Transverse Joint Size 
	
TDC, 
or equal, 
flange-form 
system
	

Intermediate 
Angle 
Stiffener

	Up to 24 inches
(Thru 610 mm)
	16
(1.61 mm)
	48 inches
(1220 mm)
	1 by 1 inches by 16 gauge
(25 by 25 by 1.61 mm)
	TDC
	1 by 1 inches by 16 gauge
(25 by 25 by 1.61 mm)

	25 to 26 inches
(381 to 610 mm)
	16
(1.61 mm)
	48 inches
(1220 mm)
	1-1/2 by 1-1/2 by 1/8 inches
(38 by 38 by 3 mm)
	TDC
	1-1/2 by 1-1/2 by 1/8 inches
(38 by 38 by 3 mm)

	37 inches and over
(940 mm and over)
	16
(1.61 mm)
	48 inches
(1220 mm)
	2 by 2 by 1/8 inches
(50 by 50 by 2 mm)
	TDC
	2 by 2 by 1/8 inches
(50 by 50 by 2 mm)




Metal Gauge:  Use 16 gauge (1.61 mm) regardless of size where regular welding is required.
Weld in minimum 1/4-inch (6 mm) fillet at each corner of formed flange.  Grind flush with flange faces.
Angles:  Reinforcing and stiffening angles shall be required on four sides.  Angles shall be galvanized steel
Cross break duct on four sides between transverse joints and angle stiffeners.
Spot weld stiffeners to duct o.c. and at corners where they join.
Rectangular or Square Fittings and Transitions:  Longitudinal seams shall be continuously butt-welded.  Fabricate fittings and transitions with one or two seams at top of duct.  Fittings and transition shall be fabricated of 16 gauge (1.61 mm) sheet metal.
Seal joints with specified sealant or gasket when a removable connection is required.
Manual Balancing Dampers:
Fabricate as specified.  Leave 1/8 (3 mm) maximum gap between damper blade and duct wall.  
Install dampers in separate, flanged, bolted, removable duct sections.
29. Coat fume exhaust ducts requiring internal coating, as specified hereinafter.
Prior to construction of ductwork, coordinate pitot transverse hole locations and requirements with Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing and balancing.  Locate sensor holes for fume hood Magnahelic gauges, storage cabinet vents, etc.  Pre-drill holes prior to coating ductwork.
Single Thickness Turning Vanes:  Use only where shown or required for tight turns.  Vanes shall be minimum 16 gauge (1.61 mm) continuously welded to duct at both ends.  Welded joints shall be ground smooth and sand blasted before applying coating. 
Square turns and/or hollow turning vanes are not allowed.
Closely coordinate with other trades in layout ductwork.  Exercise extreme care in making field measurements to determine location of ducts.  
Repair damage to galvanizing due to welding or scratches using Z.R.C., no known equal, cold galvanizing compound
Galvanized plenums:  
0. Fabricate plenums and access doors as shown on the Drawings or per manufacturer's directions.
Plenum roofs shall be able to support people load.
Provide air lock vents in access doors where required for air lock access application.
Openings for fans and ductwork connections where required shall be provided by the plenum manufacturer.  Pipes and conduit penetrations shall be located and cut in the field and sealed in accordance with the manufacturer's instructions.
Provide for expansion compensation and building structure deflection for plenum panels spanning from floor to structure above.
Seismically brace all free-standing plenums, per Division 01 Section "Lateral Force Procedures".
Duct Support
0. Attachments to Structure:  See Division 23 Section "Hangers and Supports for HVAC Piping and Equipment".  Minimum rod or bolt size is 3/8 (9 mm).
Suspend horizontal galvanized rectangular ductwork 48 inches (1220 mm) or less in largest dimension from construction by 1 inch by 18 gauge (25 mm by 1.3 mm) galvanized strap hangers screwed 8 inches (200 mm) o.c. to ducts.  Use three screws minimum per strap.  Bend strap under duct and screw into bottom of duct.  
Suspend horizontal rectagular stainless steel and coated ductwork 48 inches (1220 mm) or less in largest dimension from construction by 1 inch by 18 gauge (25 mm by 1.3 mm) galvanized steel strap hangers bolted to mating flanges at minimum of three locations.  (Top, middle, and bottom).
Ducts over 48 inches (1220 mm) in largest dimension support from Unistrut, Superstrut, or equal, trapeze hangers sized for the load, per SMACNA standards.
Support round steel ductwork from construction by 1 inch by 18 gauge (25 mm by 1.3 mm) galvanized strap hangers with inside radius of loop hanger equal to outside radius of duct.  For ducts under 12" diameter, provide supports 10 feet (3 m) o.c.; 12 feet (3.6 m) and over, 6 feet  (1.8 m) o.c.  Provide not less than one hanger per branch and at each change of direction.
Support round flexible ductwork from construction by 2 inches by 26 gauge (50 mm by 0.55 mm) galvanized strap hangers with inside radius of loop hanger equal to outside radius of duct.  Locate supports to avoid kinks and sharp bends.
Double fold straps at attachment to structure.
Space Hangers not over 96 inches (2440 mm) on center for ducts smaller than 18 inches (457 mm) in largest dimension; 60 inches (1524 mm) o.c. for ducts 18 inches (457 mm) and over.  
Weather Protection:
0. Cover galvanized ducts and plenums at the roof with 20 gauge (1 mm) galvanized sheet metal.
Pitch to drain.
External covers at least 2 inches (50 mm) beyond edges of protected ducts and plenums.
Overlap and seal covering materials.
Support at duct reinforcement intervals.
Sealing:
Where firestopping is not required, seal duct, pipe, and conduit penetrations through partitions with G.E. silicone sanitary sealant, Dow Corning 8650 Interior Sealant, or equal.  
Provide 0.125- to 0.25-inch (3 mm to 6 mm) gap to be filled with specified sealant for noise control.
Seal ducts to the following seal classes according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible":
0. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
Outdoor, Supply-Air Ducts:  Seal Class A.
Outdoor, Exhaust Ducts:  Seal Class C.
Outdoor, Return-Air Ducts:  Seal Class C.
Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and Lower:  Seal Class B.
Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg:  Seal Class A.
Unconditioned Space, Exhaust Ducts:  Seal Class C.
Unconditioned Space, Return-Air Ducts:  Seal Class B.
Conditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and Lower:  Seal Class C.
Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg Seal Class B.
Conditioned Space, Exhaust Ducts:  Seal Class B.
Conditioned Space, Return-Air Ducts:  Seal Class C.
Do not seal at fire dampers in a way that violates UL or code installation requirements.
Coating for Fume Exhaust Ductwork and Plenums
Metal surfaces shall be prepared as follows or as otherwise required by the coating manufacturer so that a continuous film of uniform thickness can be applied.
Round sharp corners and thin edges to 1 mm radius by grinding or filing.  
Fill sand holes or seams by welding.
Welded seams shall be continuous and ground smooth.
Remove weld spatter by grinding or other means.
Sandblasting:
0. The interior surfaces and edges, of ductwork and plenums including reinforcing and supports, shall be sandblasted.  Surfaces shall be degreased if necessary and then blasted to SSPC-SP5 (white metal).  The blasting media used shall be a natural abrasive, or steel grit, or slag grit.  These abrasives shall be sharp with a hardcutting surface, properly graded, dry and of the best quality.  The media shall be of proper size and free of objectionable contaminants to obtain an anchor pattern approximately 20 to 25 percent of the total film thickness.  Abrasive shall be used with the recommended nozzle air pressure to give the specified anchor pattern.  Traces of grit or dust shall be removed by vacuum or brushing. 
Coating of Interior Surface of Ductwork and Plenums:  
0. Surfaces to be free from scale, rust, grease, oil or previous coatings.
Shop coat interior surfaces and edges of ductwork and plenums with the specified coating.  The first coat shall be applied the same day as blasting.
Coating shall be shop applied by an industrial applicator familiar with the type of coating.  The applicator shall observe the applicable local and national safety codes covering working conditions, lighting, and ventilation requirements for coating application, and the rules and regulations of the Bay Area Air Quality Management District.
Apply the first coat using standard air atomizing, or airless, spray equipment as recommended by the coating manufacturer.  The applicator shall be careful to ensure uniform coverage.  Runs and sags shall not be allowed.
The inside coating system shall be continued on the mating surfaces/flanges of ducts and plenums.  The requirement shall apply to the first and second coat, and the third coat.
After at least an overnight cure, at a minimum temperature of the first coat, seams and interlocks shall be filled and smoothed with JAS sealant by using a stiff bristle brush, or caulking gun and spatula technique.  Care shall be taken to ensure that crevices be filled and high points covered with sealer.  Remove excess sealant.
After the first coat and the sealant has cured the second coat shall be applied.  The curing time shall be as recommended by the coating manufacturer.  Allow extra curing time due to low temperature and/or high humidity.  Do not apply coating at ambient temperature lower than the recommended temperature of the manufacturer.
Apply multiple coats in number and thickness as recommended by the coating manufacturer for severe duty usage fume exhaust application equivalent to Plasite Zone A usage.  Each coat shall be a different color.
Test the final dry film thickness with Microtest, Elcometer, or equal, thickness gauge.
Inspection:
0. The University, at its option, shall have a representative on the job who shall inspect and give approval to each phase of the work, including abrasives, equipment to be used, surface preparation, coating application, holiday testing, dry film thickness testing and installation procedures.
The inspector shall approve blasting abrasive prior to its use by the coating applicator for surface preparation.  After blasting a section of ductwork, the coating applicator shall submit this to the inspector for his approval before proceeding with further blasting or coating application.  Oil, fingerprints, oxidation or other contaminants must be removed before the coating can be applied.
The inspector may observe and approve the method of coating application.  Care must be taken by the applicator to ensure uniform coverage.  After approval of the coating procedures, the applicator may proceed with coating application subject to spot checks by the inspector.
After the coating has cured for five days or longer, at 70 deg F (21 deg C), or higher, test the interior of ducts for holidays using a Tinker and Razor wet sponge detector, or equal (no known equal), low voltage holiday detector.  Mark holidays and recoat as needed to obtain required dry film thickness.  Submit written certification that duct sections have been tested and holidays have been repaired.
After holidays have been coated and allowed to cure for five days, spot check the interior and exterior of each duct for dry film thickness.  Make at least five readings with an approved film thickness measuring device on each duct section.  Recoat duct sections that indicates non-uniform film thickness.  Re-coat duct section which produces readings less than 80 percent of the minimum required dry film thickness.  Submit written certification that duct sections have been tested and deficiencies in dry film thickness have been corrected.
Label each duct section with measured average coating thickness and dates of coating thickness and dates of coating thickness measurement and holiday detection testing.
Use prefabricated components.  No field cutting or drilling of coated ducts or plenums shall be allowed.
Ensure that coatings adhere thoroughly.  Brace rectangular ducts to avoid cracking of coating at corners during handling and transport.  Ducts, fittings, and plenum panels shall be carefully and adequately protected against damage during transit and installation.
All scratches or chipped coatings shall be sanded, wire brushed or acid etched, then washed and re-coated with sufficient coatings to produce required overall film thickness.  Field repair procedure shall be in accordance with manufacturer's written instructions:  Repair Procedures Air Dry/Air Dry, Dec., current edition.
All sharp edges introduced in the field due to the approved cutting or drilling shall be prepared as herein specified and coated with a brush to produce required overall film thickness, in accordance with manufacturer's written instructions and holiday detection testing.
Duct shall be joined by sealing with a liberal application of specified sealant to the female end and to the edge of the male end so that the edge becomes completely covered during insertion and the entire cavity is filled with sealant.  After insertion, the joint shall be wiped with sealant inside and outside to completely seal and smooth out coating surface at the joint.  Mechanical support shall be provided for the joint until the sealant sets up. 
Design and fabricate fume exhaust plenums with seams and standing joints on the outside.  Avoid bolts and reinforcings exposed in the airstream.  Where absolutely necessary, bolts, nuts, and washers shall be type 316 stainless steel when exposed in exhaust air stream.  After final assembly, clean exposed bolts, nuts, and washers and field coat them with two coats of specified coating for a total dry film thickness of approximately 12-15 mils.
Galvanizing Repairs
Repair galvanizing damaged by welding, scratches, etc., using Z.R.C., no known equal, cold galvanizing compound.
Duct and Plenum Leak Testing
Leak test 100% of ducts, coated ducts, stainless steel ducts, and plenums:  Use extreme care in the fabrication and installation of the ductwork and plenums to ensure that it will be airtight.  Test ductwork and plenums for leaks in sections as the work progresses before insulating.  Fire dampers, smoke/fire dampers, access panels and appropriate branch ducts shall be in place during the testing.  Seal off open ends and then test by the following.  
Duct Leak Test for Medium Pressure ductwork:  The equipment required for this testing comprises a high pressure blower, orifice test pipe assembly and manometer with necessary valves and tubing.  The ductwork section shall be placed under an air pressure of 6 inches (150 mm) of water with the blower, while leakage flow through the orifice is measured on the manometer.  The manometer readings shall be converted to CFM from a calibrated test curve.  The leakage shall not exceed 6 CFM/100 s.f. for rectangular seal class "A" ductwork and 3 CFM/100 sf for round seal class "A" ductwork.  No less than 50 square feet of duct shall be tested at one time.  The Subcontractor shall provide test conditions, including the total square feet of ductwork under test.  Fire dampers and access panels shall be installed.  Testing of complete sections of the ductwork must be made before installation of the finished ceiling or before the ductwork is furred in inaccessible space, and must be witnessed by the University.  Leaks found must be repaired, or joints remade and the section retested until tight.  Leaks that cause objectionable noise must be repaired, regardless of the amount of the leakage.  Perform tests in the presence of the University.  Maintain a set of Drawings for recording and sign off of each tested section.  After completion of testing, turn drawings over to the University.
Duct Leak Test for Low Pressure Ductwork:  Tests and leakage requirements are the same as for medium pressure ductwork except test at an air pressure of 2 inches (50 mm) of water.  Test one representative low pressure supply air duct section on each floor consisting of ductwork between the terminal (reheat coil, or VAV terminal) and the outlets.  Section tested shall not have less than two outlets.  Test one representative low pressure exhaust duct branch at each floor from the inlets to the riser.  The University shall select the representative low pressure ducts to be tested.
Duct leak test for fume exhaust ducts, and stainless steel welded ducts:  The duct section under test shall be pressurized to 7 inches (177 mm) w.g. and the air "locked-in" to the duct.  The pressure will be allowed to fall to 5 (125 mm) of water for an average of 6 inches (150 mm) of water.  The time in seconds shall be measured for this drop in duct pressure.   Leakage shall not exceed 0.1 cubic feet per minute per 100 square feet of surface area.  The time, in seconds, that is equivalent to this leakage rate is found by the formula t = duct I.D. x 6.23.  The duct inside diameter shall be in inches.  Test entire duct run.  Test from the fume hood collar to the fume exhaust plenum of fan inlet flexible connection. 
Leak Test for Non-Fume Exhaust Plenums:  Same as for medium pressure ductwork.
Leak Test for Fume Exhaust Plenums:  Same as for medium pressure ductwork, except leakage rate shall not exceed 0.1 CFM/100 square feet of plenum surface area.

Prepare tests and inspection reports
Indicate pressure tests performed. Include date, section tested, test pressure, and leakage rate, following SMACNA (LEAK) – HVAC Air Duct Leakage Test Manual.
Duct System will be considered defective if it does not pass test and inspections. 

WASTE MANAGEMENT
Conform with Division 01 Section "Construction Waste Management."
Collect off cuts and scrap and place in designated areas for recycling.
Separate other materials, including packaging and banding, in accordance with the Waste Management Plan and place in designated areas for recycling.
SEISMIC RESTRAINTS
All ductwork, piping, and mechanical equipment, with or without vibration isolation, shall be provided with seismic restraints in accordance with Division 01 Section "Lateral Force Procedures".
field conditions
Do not install duct sealants when temperatures are less than those recommended by sealant manufacturers.
Maintain temperatures within acceptable range during and after installation of duct sealants. 
Ductwork shall be transported to the site in enclosed vehicles or with ends capped with Visqueen or foam caps.
Do not store ductwork directly on ground or floor. 
Ductwork stored or stacked on site shall be capped. 
Installed duct shall be capped at the end of the day. Duct found uncapped shall be clean.
DUCT SCHEDULE
	Type
	Material
	Pressure Class
	Air Leakage Requirements

	Outside Air Intake
	Galvanized
	1/2" w.g.
	Duct systems shall be sealed to a leakage rate not to exceed 5 percent of nominal air handler airflow rate as confirmed through field verification and diagnostic testing.

	Supply Risers/Mains
	Galvanized
	3" w.g.
	

	Supply Branch
	Galvanized
	1" w.g.
	

	Exhaust Riser/Mains (Laboratory Exhaust)
	Galvanized w/ gage increased one size over SMACNA
	3" w.g.
	

	Exhaust Riser/Mains (General Exhaust)
	Galvanized
	3" w.g.
	

	General Exhaust Branch
	Galvanized
	1/2" w.g.
	

	Return and Relief Branch
	Galvanized
	3" w.g.
	

	Grease Exhaust
	Stainless Steel
	½” w.g.
	

	Fume Hood Exhaust
	Stainless
	3” w.g.
	


END OF SECTION 23113
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