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SECTION 23 3300
AIR DUCT ACCESSORIES
GENERAL
SUMMARY
Section includes the following:
Adjust list below to suit Project.
Manual volume dampers.
Automatic balancing damper
Backdraft dampers
Actuated control dampers at Air Handlers.
Round control dampers
Fan isolation and bypass control dampers
Bubble tight dampers. 
Fire dampers.
Smoke or combination fire and smoke dampers.
Duct silencers.
Duct-mounting sandwich access doors.
Flexible connectors.
Draw band connectors.
Flexible ducts.
Duct accessory hardware. 
Ductwork internal support tie rods are prohibited. 
Turning vanes are prohibited.  Provide short radius elbows with splitter vanes per SMACNA or long radius elbows.
ACTION SUBMITTALS
Product Data:  For the duct accessories to be used on this project.
Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
Manual-volume damper installations.
Motorized-control damper installations.
Fire-damper, smoke-damper, and combination fire and smoke-damper installations, including sleeves and duct-mounting access doors.
Retain subparagraph below if equipment includes wiring.
Wiring Diagrams:  Power, signal, and control wiring.
Submittal shall include published leakage, pressure drop, and maximum pressure data for a full range of damper sizes based on AMCA Standard 500 testing.  Data from one size sample test is prohibited.
CLOSEOUT SUBMITTALS
Operation and Maintenance Data: For air duct accessories to include in operation and maintenance manuals.
QUALITY ASSURANCE
Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems." 
Comply with AMCA 500-D testing for damper rating.
Flexible ducts shall be listed by Underwriters Laboratories, Inc., complying with UL 181. 
Fire, Smoke, and Combination Fire-Smoke dampers shall conform to the California State Fire Marshall Listing for Fire Damper and Smoke Damper.
Fire dampers shall be listed by Underwriters Laboratories, Inc., complying with UL 555, Smoke, and Combination Fire-Smoke dampers shall be listed by Underwriters Laboratories, Inc., complying with UL 555S.
PRODUCTS
MANUFACTURERS
In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:
Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.
[bookmark: OLE_LINK3][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Or Equal:  Where products are specified by manufacturers name and accompanied by the term "or equal", comply with provisions in Division 01.  Specific procedures must be followed before use of an unnamed product or manufacturer.  
SHEET METAL MATERIALS
Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods, unless otherwise indicated.
Galvanized Sheet Steel:  Lock-forming quality; complying with ASTM A653 and having G90 coating designation; exposed ducts shall have mill-phosphatized finish for paint adhesion.
Stainless Steel:  ASTM A480, type 304, and having a No. 2 finish for concealed ducts and exposed ducts.
Extruded Aluminum:  ASTM B221, alloy 6063, temper T5.
Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on galvanized sheet metal ducts; compatible materials for stainless steel ducts.
MANUAL VOLUME DAMPERS
Show damper locations on Drawings.
Standard, Steel, Rectangular Manual Volume Balancing Dampers:
Manufacturers:
Air Balance Inc.
American Warming and Ventilating
McGill AirFlow LLC.
Nailor Industries Inc.
Pottorff
Ruskin Company
Young Regulator
Or equal.
Standard leakage rating.
Suitable for horizontal or vertical applications.
Frames:
Frame: Hat-shaped, 16-gauge (0.0635-inch), G-90 galvanized sheet steel, or 18-gauge (0.050-inch) stainless steel.
Welded corners.
Flanges for attaching to walls, flangeless frame for installing inside ducts, and flanged frames for installing in ducts.
Blades:
Multiple or single blade.
Parallel- or opposed-blade design.
Stiffen damper blades for stability.
Galvanized or Stainless-steel, 16-gauge
Blade Axles:  Galvanized steel or Stainless steel.
Bearings: 
Oil-impregnated bronze, oil-impregnated stainless-steel sleeve, or ball bearing as specified for the project conditions.
Dampers in ducts with pressure classes of 3 inches water gauge or greater shall have full-length axles. That is, the damper shafts shall be solid and pass completely through from one side to the other without any form of coupling. Both ends shall be supported by bearings. 
Tie Bars and Brackets: Galvanized steel.
Jackshaft (jackshafts are rarely used on manual volume dampers consult with University’s Representative):
Size:  1 inch diameter or larger
Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted on supports at each mullion and at each end of multiple-damper assemblies.
Length and Number of Mountings: As required to connect linkage of each damper in multiple-damper assembly.
Damper Hardware:
Include center hole to suit damper operating-rod size.
Include elevated platform for insulated duct mounting.
Standard, Steel, Round Manual Volume Balancing Dampers
Manufacturers
Air Balance Inc.
American Warming and Ventilating
McGill AirFlow LLC.
Nailor Industries Inc.
Pottorff
Ruskin Company
Young Regulator
Or equal.
Standard leakage rating.
Suitable for installation at any angle
Blades
Single blade or multi-blade
Stiffen damper blades for stability.
Galvanized or Stainless-steel, 16-gauge.
Blade Axles:  Galvanized steel or Stainless steel.
Bearings: 
Oil-impregnated bronze, oil-impregnated stainless-steel sleeve, or ball bearing as specified for the project conditions
Dampers in ducts with pressure classes of 3 inches water gauge or greater shall have full-length axles. That is, the damper shafts shall be solid and pass completely through from one side to the other without any form of coupling. Both ends shall be supported by bearings. 
Tie Bars and Brackets: Galvanized steel.
Damper Hardware:
Include center hole to suit damper operating-rod size.
Include elevated platform for insulated duct mounting.
Provide locking quadrant  or remote actuator by Young Regulator
Motorized Control Dampers may be used as manual volume dampers where the dual application is suitable.
Normally delete automatic balancing dampers but may be used for certain low airflow instances. 
AUTOMATIC BALANCING DAMPERS 
Manufacturers:
Automatic Airflow Balancing model ABV
Greenheck model ABD
Ruskin Model ABD
Or equal
Pressure independent, 4, 5, and 6-inch round, automatically balance airflow to set point ±10% at 0.5 inch water gauge differential across the damper.
Shall comply with UL2043.
Warranty: 5 years, minimum.
BACKDRAFT DAMPERS (PROHIBITED UNLESS SPECIFICALLY DIRECTED)
Normally this article shall be deleted unless specifically instructed by UCI Engineering Group to leave in.  Backdraft dampers of the following type have limited use.  Small exhaust fans less than 2,500 cfm. Provide positive closing motor actuated dampers at parallel fan applications in lieu of backdraft type.  
Manufacturers: 
TAMCO Series 7000 CW
Or equal
Description:  Multiple-blade, parallel action, weighted gravity balanced, factory fabricated with silicon-sealed blades and edges with adjustment device to permit setting for varying differential static pressure.  The damper shall be limited to 4 inches static pressure and 2500 fpm velocity unless otherwise certified and warranted by manufacturer.
Frame:  0.06 inch thick extruded aluminum, 2.5 inches deep.
Blades:  0.06 inch thick, extruded aluminum.
Blade Axles:  Aluminum
Mounting style shall be either rear flange, front flange, or in duct.
Linkage system shall consist of aluminum crank arms fastened to aluminum pivot rods.  Aluminum alloy linkage rod shall connect crank arms by means of trunnion.
Provide access door for maintenance of adjustment device when access is not readily available.  
ACTUATED CONTROL DAMPERS
Low-Leakage Outside Air, Return, Power Exhaust, or Relief Dampers at Air Handlers:
Manufacturers: 
0. TAMCO Series 1000 SW Air-Foil Control Damper with Salt Water Resistance Option 
0. Or equal.
0. Dampers shall be manufactured of aluminum or stainless steel.  Carbon steel components are prohibited in the damper construction.
0. If damper is to be aluminum, aluminum parts shall be clear anodized to a minimum thickness of 0.7 mil.
0. There shall be two mechanically-fastened damper blade seals at each blade sealing point to assure maintenance of long-term leakage resistance.  Blade seals shall be of extruded silicone.
0. Frame seals shall be of extruded silicone and factory tested to over 500,000 cycles to ensure durability.
0. Bearings shall be maintenance free.  Metal-to-metal contact is prohibited.
0. Damper drive rod shall be mechanically maintained in drive blade, and shall incorporate hex flats to prevent slippage.
0. Leakage shall not exceed 3 cfm/ft² against 1” water gauge differential static pressure (AMCA Class 1A).
0. Dampers shall be made to size required without blanking off free area.
0. Dampers shall have opposed blade action or parallel blade action, depending on application.
0. Dampers shall be available in three mounting types: "Installed in Duct", “Extended Rear Flange”, or "Flanged to Duct" as required for installation.
Intermediate or tubular steel structural support shall be provided by installer to resist applied pressure loads for dampers that consist of two or more sections in height or width.  
Air handling units with 100% outside air intended for continuous operation do not require outside air dampers. Systems with standby units require fan isolation control dampers at the discharge sides of the units.
ROUND CONTROL DAMPERS
Manufacturers:
Nailor Industries, Inc. model 1090
Ruskin model CDRS25
Or equal
Performance Leakage: Ultra low leak or leakage class I. 
Construction:
Frame:  Round 20 gauge galvanized steel with stiffening beads for dampers 4-inches to 24-inches in diameter only.
Blades: Butterfly damper blade, galvanized steel, 2 x 20-gauge-or 14 gauge thick, laminated, or single skin.
Blade Edging Seals:  cross-linked polyethylene or neoprene.
Blade Axles: ½-inch diameter; galvanized or stainless steel.
Bearings: Oil-impregnated bronze, oil-impregnated stainless-steel sleeve, or ball bearing as specified for the project conditions
Dampers in ducts with pressure classes of 3 inches water gauge or greater shall have full-length axles. That is, the damper shafts shall be solid and pass completely through from one side to the other without any form of coupling. Both ends shall be supported by bearings. 
Provide elevated platform for insulation clearance for all damper hardware. 
Provide manual control dampers with hand locking quadrant. 
Controllers, Electrical Devices, and Wiring:
For actuated control dampers comply with requirements for electrical devices and connections specified in Section 23 0923 “DDC Instrumentation and Controls" for motorized control dampers
Electrical Connection:  120 Volts or 24 Volts as indicated on drawings.
FAN ISOLATION AND BYPASS CONTROL DAMPERS
AMCA rated, parallel blade for open and closed design and opposed blade for modulation control design, airfoil shape, for fan isolation under dynamic conditions.  Dampers shall be low leakage industrial grade control dampers that meet the following minimum construction standards.  Carbon steel components are prohibited.
Manufacturers: 
TAMCO model 8800 with Salt Water Resistance Option (Basis of Design)
10. Ruskin model CD80AF3
10. Greenheck model HCD-230
10. Or equal.
0. Frame shall be 8 inches deep by 2 inch flanged anodized 6063-T5 aluminum channel, or 316 stainless steel channel.  Blades shall be double skin airfoil, maximum 8 inches wide and minimum 0.08” aluminum, or 14-gauge stainless steel.  Axles shall be minimum ¾ inch diameter anodized aluminum or stainless steel rod.  Provide dampers with low-leakage blade and jamb seals.
0. Except for Basis of Design, provide external ball bearings mounted outboard external of frame.  Bearings shall have provisions for lubrication (Zerk fitting).
0. Linkage shall be located out of air stream.   Standard construction shall include crank lever for motor operation.  Linkage in air stream is prohibited.  Each damper panel shall have separate drive actuator.  
0. Submittal data must include published leakage, pressure drop, and maximum pressure data for full range of damper sizes based on AMCA standard 500-D testing.  Leakage for 24 x 24-inch damper shall not exceed 3.9 cfm cfm/ft²at 1 inch of water differential pressure.
0. Bolts, nuts, screws, linkage components, and appurtenances shall be anodized aluminum or stainless steel.
0. Damper shall be rated for minimum of 15 inches water gauge pressure.
BUBBLE TIGHT DAMPERS
Remove this article unless project requires bubble tight dampers.  Normally only used for isolation of hazardous filter sections or BSL-3 labs on campus.
Manufacturers: 
Camfil USA
EB Air Control, Inc
Pottorff model 
Ruskin model BTO92
Or equal.
Bubble tight dampers shall be:
0. Tested for 10,000 open/close cycles.
0. Damper leakage to max 60 inches water gauge after cycle testing.
0. Round type.
The standard construction shall be as follows.  Flanges shall be minimum 1½ inches wide by 0.1875 inch thick.  Factory drilled holes (7/16 inch diameter) shall be 4 inches, or less, apart as recommended in ERDA 76-21, “Nuclear Air Cleaning Handbook”.  The frame material shall be minimum 11-gauge unpainted Type 304 stainless steel.  Shafts shall be minimum ¾” diameter stainless steel rod with shaft seals.
The dampers shall be positive seal, isolation type that shall be bubble-tight at the minimum differential pressure of 10 inches water.  The blade shall consist of two (2) 0.1875-inch, type 304 stainless steel plates with a replaceable solid silicone gasket between them.  Blade seal shall occur when the gasket seats against the inside of the 11-gauge housing wall.  The damper shall be of welded construction.  Pressure-retaining welded joints and seams shall be continuously welded; pores are prohibited.  At a minimum, weld joints and seams shall be wire brushed or buffed to remove heat discoloration, burrs, and sharp edges.
The dampers shall be manufactured under a quality assurance program that meets the requirements of ASME NQA-1, “Quality Assurance Program Requirements for Nuclear Facilities”.  Welding procedures, welders, and welder operators shall be qualified in accordance with ASME Boiler and Pressure Vessel Code, Section IX.  Production welds shall be visually inspected per the Flanders/CSC standard procedure number P-122, “Visual Inspection of Welds,” which incorporates the workmanship acceptance criteria described in Sections 5 and 6 of ANSI/AWS D9.1-1990, “Specifications for Welding Sheet Metal”.
The damper blade shall be tested in the closed position at 10 inches water gauge and shall be bubble-tight when tested in accordance with ASME N509-1996 “Reaffirmed” paragraph 5.9.7.3.  The complete pressure boundary (damper housing) shall be leak tested by the “Pressure Decay Method” in accordance with ASME N510-1995 “Reaffirmed”, “Testing of Nuclear Air Treatment Systems”, Paragraphs 6, and 7.  Pressure readings are recorded once a minute until pressure decays to 75% of the test pressure or for 5 minutes.  There shall be a maximum leak rate of 0.0005 CFM per cubic foot of housing volume at 10 inches water gauge.
Manual Actuators
0. Manual actuators shall be quarter-turn, worm-gear or scotch yoke actuators with hand wheels.  Rated output torque shall be 2,000 inch-pounds up to 22 inch diameter size dampers with a gear ratio of 30:1 and 7,000 inch pounds on dampers 24 to 36-inch diameter size, with a gear ratio of 40:1.  Actuator shall be fully lubricated and self-locking to hold in any position.
FAN ISOLATION AND BUBBLE TIGHT DAMPER ACTUATORS
For single-source responsibility, verify availability and retain "Damper Actuator - Electric" or "Damper Actuator - Pneumatic" Paragraph below. Coordinate with Section 23 0923 "Direct Digital Control (DDC) System for HVAC."
0. Damper Actuator - Electric:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following manufacturers:
0. Auma Actuators Inc.
0. Bray Controls Commercial Division, Series 70 (Basis of Design)
0. Or Equal
Electrical Connection:  115 V, single phase, 60 Hz
UL 873, plenum rated if located within a ceiling plenum.
Two position with fail-safe spring return.
Sufficient motor torque and spring torque to drive damper fully open and fully closed with adequate force to achieve required damper seal in 30 seconds.
Minimum 90-degree drive rotation.
Clockwise or counterclockwise drive rotation as required for application.
Environmental Operating Range:
Temperature: Minus 20 to plus 140°F.
Humidity: 5 to 95 percent relative humidity noncondensing.
Environmental enclosure: NEMA 12 indoors and exterior installations, stainless steel NEMA 4 or 4x.
Minimum 4 watt heater for exterior installations.
Manual override and visual display of valve position.
Auxiliary switches to provide continuous feedback of valve position to BMS.
Actuator to be factory mounted and provided with a single-point wiring connection.
Damper Actuator - Pneumatic:
Pneumatic actuator shall be rotary type with flow control valves, visual indication of position, and manual override.
Operated by 0 to 20 psig pneumatic signal.
Two position with fail-safe spring return.
Sufficient power and spring force to drive damper fully open and fully closed with adequate force to achieve required damper seal.
Maximum 15-second full-stroke closure.
Actuator to be factory mounted.
FIRE DAMPERS
Fire dampers are normally not installed any more as most installations will require combination fire/smoke dampers.  Delete this article if no fire dampers are to be used. Fire dampers are used in supply air ducts in Wet Labs with fume hoods.
Manufacturers: 
Air Balance Inc.
Cesco Products
Greenheck Fan Corporation.
Nailor Industries Inc.
Pottorff
Prefco; Perfect Air Control, Inc.
Ruskin Company.
Vent Products Company, Inc.
Or equal.
Fire dampers shall be static type labeled in accordance with UL 555 by an NRTL and CSFM listed.
Edit rating below to suit project installation.  If dynamic type Fire/smoke dampers are needed additional specifications need to be added to this spec section, contact UCI Engineering Group.
Fire Rating:  1½ hours.
Stainless-steel dampers are also available and shall be used for stainless steel duct applications.
Frame:  Curtain type with blades outside airstream or Multiple-blade type with mitered and interlocking corners.
Mounting Sleeve:  Factory- or field-installed, galvanized sheet steel.
1. Minimum Thickness:  0.050 or 0.138-inch, as indicated and of length to suit application.
1. Exceptions:  Omit sleeve where damper frame width permits direct attachment of perimeter mounting angles on each side of wall or floor, and thickness of damper frame complies with sleeve requirements.
Mounting Orientation:  Vertical or horizontal as required.
Blades:  Roll-formed, interlocking, 22-gauge, galvanized sheet steel, or stainless steel.  In place of interlocking blades, use full-length, 22-gauge blade connectors.
Provide access doors for the dampers. Doors shall be sufficiently large for the application. That is, if a human must climb inside to work, they shall be not less than 28 inches x 28 inches. Scale openings to the necessary work of inspection, service, and repair. Openings smaller than 6 inches by 4 inches are prohibited. Provide multiple openings, as necessary, to ensure full and complete access without removing dampers from the ductwork. 
Horizontal Dampers:  Include blade lock and stainless-steel closing spring.
Fusible Links:  Replaceable, 165°F or 212°F rated, as applicable.
Size dampers to limit pressure loss to 0.05 inch of water, or less, at the maximum designed air flow for the particular duct.  
Dampers less than duct size are prohibited.
Dampers located in small ducts may need to be increased in size to minimize pressure loss. 
Account for effects of upstream and downstream transition fittings in pressure loss calculations. 
Construct transitions in accordance with SMACNA and ASHRAE standards. 
The total pressure loss through the assembly, including any transitions, shall not exceed 0.05 inch of water. 
Multi-leaf fire dampers shall have airfoil blades.  Damper design shall have a maximum pressure drop 0.05 inch water, at the designed system airflow, or 2,000 feet per minute whichever is greater.
Dampers less than duct size are prohibited.
Dampers located in small ducts may need to be increased in size to minimize pressure loss. 
Account for effects of upstream and downstream transition fittings in pressure loss calculations. 
Construct transitions in accordance with SMACNA and ASHRAE standards. 
The total pressure loss through the assembly including any transitions shall not exceed 0.05 inch of water. 
SMOKE, OR COMBINATION FIRE AND SMOKE DAMPERS
Manufacturers: 
Air Balance, Inc.
1. [bookmark: OLE_LINK7]CESCO Products.
1. Greenheck.
1. Nailor Industries Inc.
1. Pottorff.
1. Prefco Products Co.
1. Ruskin Company.
1. TAMCO (smoke dampers only)
1. Vent Products Company, Inc.
1. Or equal.
Available smoke and combination fire and smoke dampers include automatic-reopening types and types with electrothermal links that require link replacement after activation.  Manufacturers offer additional features for engineered smoke-control system dampers. Edit rating below to suit project installation.
General Description:  Labeled in accordance with UL 555S by an NRTL.  Combination fire and smoke dampers shall be labeled in accordance with UL 555 for 1½-hour rating.  Leakage: Class I.
Fusible Links:  Replaceable, 165°F or, and 212°F rated as applicable.
Frame and Blades:  13-gauge (0.0934-inch) galvanized sheet steel, or 13-gauge stainless steel for stainless steel duct installation.
Mounting Sleeve:  Factory-installed, galvanized sheet steel; length to suit wall or floor application.
Retain paragraph and subparagraphs below if damper actuators are part of smoke-damper assembly and are not specified in Division 23 Section “Instrumentation and Controls."
Damper Motors:  Provide for modulating or two-position action.
1. Permanent-Split-Capacitor or Shaded-Pole Motors:  With oil-immersed and sealed gear trains.
1. Spring-Return Motors:  Equip with an integral spiral-spring mechanism where indicated.  Enclose entire spring mechanism in a removable housing designed for service or adjustments.  Size for running torque rating of 150 inch-pounds and breakaway torque rating of 150 inch-pounds.
1. Outdoor Motors and Motors in Outside-Air Intakes:  Equip with O-ring gaskets designed to make motors weatherproof NEMA 3R.  
1. Non-spring-Return Motors:  For dampers larger than 25 square feet, size motor for running torque rating of 150 inch-pounds and breakaway torque rating of 300 inch-pounds.
1. Electrical Connection:  115 V, single phase, 60 Hz.
1. Locate motors outside of airstream.
Provide access doors for the dampers. Doors shall be sufficiently large for the application. That is, if a human must climb inside to work, they shall be not less than 28 inches x 28 inches. Scale openings to the necessary work of inspection, service, and repair. Openings smaller than 6 inches by 4 inches are prohibited. Provide multiple openings, if necessary. 
Size dampers to limit pressure loss to 0.05 inch of water or less at the maximum designed air flow for the particular duct.  
Dampers less than duct size are prohibited.
Dampers located in small ducts may need to be increased in size to minimize pressure loss. 
Account for effects of upstream and downstream transition fittings in pressure loss calculations. 
Construct transitions in accordance with SMACNA and ASHRAE standards. 
The total pressure loss through the assembly including any transitions shall not exceed 0.05 inch of water. 
Multi-leaf fire dampers shall have airfoil blades.  Damper design shall have a maximum pressure drop 0.05 inch of water at the designed system airflow or 2000 feet per minute whichever is greater.
Dampers less than duct size are prohibited.
Dampers located in small ducts may need to be increased in size to minimize pressure loss. 
Account for effects of upstream and downstream transition fittings in pressure loss calculations. 
Construct transitions in accordance with SMACNA and ASHRAE standards. 
The total pressure loss through the assembly including any transitions shall not exceed 0.05 inch of water. 
Dampers shall bear the UL and CSFM listed labels.
DUCT SILENCERS (NORMALLY PROHIBITED)
Manufacturers: 
Metal Form Manufacturing Inc.; Commercial Acoustics.
1. Industrial Noise Control, Inc.
1. McGill AirFlow LLC.
1. Ruskin Company.
1. Vibro-Acoustics.
1. Industrial Acoustics Company (IAC).
1. Or equal
Duct Silencers shall be the last choice for noise control.  Silencers shall first be placed inside air handling units before ductwork.  If installed in ductwork, the duct shall be increased in size if possible to reduce velocity and resulting pressure loss.
Noise control for air-distribution systems requires consideration of many factors including assessing multiple duct paths.  The 2003 ASHRAE HANDBOOK—HVAC Applications, Ch. 47, "Sound and Vibration Control," offers a lengthy discussion of this subject.  Along with noise and vibration control of the components and equipment of the air system, combine for total system design considerations.
Dissipative duct silencers are fabricated round or rectangular devices designed to absorb sound.  Dissipated duct silencers also regenerate noise and produce pressure drop.  For more sound control, use active and dissipative duct silencers to complement each other.  Each type controls different octaves and frequencies.  The Sheet Metal and Air Conditioning Contractors' National Association's (SMACNA) HVAC Systems—Duct Design discusses duct silencers.
-     Sizing and Selection: Calculate the requirements for each duct silencer and consult manufacturers' literature to determine the performance of silencers.  Indicate performance requirements for pressure loss, net insertion loss, and sound regeneration.  Show physical requirements by unit cross-section free area, and show dimensions by width, height, and length.  To help with proper selection of their products, manufacturers often publish procedures in their catalogs.
-     Location:  Certain restrictions determine the location of duct silencers.  Because they are somewhat larger than the ducts they silence, duct silencers will not always fit in tight spaces, yet the relation between duct silencers and noise-producing equipment is critical to their performance.  Unrestricted and straight airflow into silencers is required for minimizing static pressure drop and regenerated noise.
-     Duct silencers are available in various sizes of round and rectangular units.  Consider the following interrelated factors when selecting them:
–       Required insertion loss in the most critical octave bands
–     Static-pressure loss
–     Self-noise or the noise generated by air moving through the attenuator passages
Active duct silencers are allowed by the University as an electronic solution to sound control and are marketed as a system of components.  They generate sound that is out of phase with objectionable low-frequency noise.  They are not included in this Section.
Various duct design features can attenuate sound in ducts as an alternative to duct silencers. 
General Description:  Factory-fabricated and -tested, round or rectangular silencers with performance characteristics and physical requirements as indicated.
Fire Performance:  Adhesives, sealants, packing materials, and accessory materials shall have fire ratings not exceeding 25 for flame-spread index and 50 for smoke-developed index when tested in accordance with ASTM E84.
Rectangular Units:  Fabricate casings with a minimum of 22-gauge, solid galvanized sheet metal for outer casing and 26-gauge, ASTM A653, G90, perforated galvanized sheet metal for inner casing.  Attenuators in 100% outside air or fume hood exhaust system shall have a solid stainless steel internal lining.
Round Units:
1. Outer Casings:
24. ASTM A653, G90, galvanized sheet steel.
1. Interior Casing, Partitions, and Baffles:
25. ASTM A653, G90, galvanized sheet steel.
25. At least 0.034 inch, and designed for minimum aerodynamic losses.
25. Attenuators in 100% outside air or fume exhaust system shall have a solid stainless steel internal lining.
Sheet Metal Perforations:  Not more than one eighth (⅛) inch diameter for inner casing and baffle sheet metal.
Fill Material:  Inert and vermin-proof fibrous material, packed under not less than 5 percent compression.
1. Erosion Barrier:  Polymer bag enclosing fill and heat-sealed before assembly.
Fabricate silencers to form rigid units that will not pulsate, vibrate, rattle, or otherwise react to system pressure variations.
1. Do not use nuts, bolts, or sheet metal screws for unit assemblies.
1. Lock form and seal or continuously weld joints.
1. Suspended Units:  Factory-installed suspension hooks or lugs attached to frame in quantities and spaced to prevent deflection or distortion.
1. Reinforcement:  Cross or trapeze angles for rigid suspension.
Source Quality Control:
1. Acoustic Performance:  Test in accordance with ASTM E477.
1. Record acoustic ratings, including dynamic insertion loss and self-noise power levels with an airflow of at least 2000 fpm face velocity.
1. Leak Test:  Test units for air tightness at 200 percent of associated fan static pressure or 6 inches water gauge static pressure, whichever is greater.
Size attenuators to limit pressure loss to the specified value on the equipment schedule or less at the maximum designed air flow for the particular duct.  
1. Attenuators less than duct size are prohibited.
1. Attenuators located in small ducts may need to be increased in size to minimize pressure loss. 
1. Account for effects of upstream and downstream transition fittings in pressure loss calculations. 
1. Construct transitions in accordance with SMACNA and ASHRAE standards. 
1. The total pressure loss through the assembly including any transitions shall not exceed the value on the equipment schedule.
1. If there is not a silencer specified on the equipment schedule, consult with the University’s representative before proceeding. 
1. Do not install silencers unless specifically directed.  
DUCT-MOUNTING SANDWICH ACCESS DOORS
General Description:  Fabricate doors airtight and suitable for duct pressure class. Include vision panel where indicated. Provide only sandwich type access doors. 
Access Door:  Double wall, duct mounting, for round or rectangular ducts; fabricated of galvanized sheet metal, or stainless steel, closed cell neoprene gasket, closure knobs with zinc plated springs and bolts. 
Manufacturers: 
Ductmate Industries, Inc.
40. Greenheck Fan Corporation.
40. Pottorff; a division of PCI Industries, Inc. 
40. Ruskin Company.
40. Or equal.  
1. Frame:  None. Sandwich type configuration with outer door galvanized sheet steel, notched frame
1. Hinge:  None
1. Gasket location: shall be interchangeable for positive and negative pressure applications, in accordance with manufacturer’s guidelines.  
1. Pressure Rating: Ultra low leakage for positive or negative 8 inches water gauge.
1. Insulation: Access doors installed in conditioned supply air ductwork shall be provided with high density fiberglass insulation encased within metal. 
Pressure Relief Access Door:  Double wall and duct mounting; fabricated of galvanized sheet metal, or stainless steel, with insulation fill and thickness as indicated for duct pressure class.  Include vision panel where indicated, latches, and retaining chain.
Manufacturers: Subject to compliance with requirements, provide products by one of the following:
American Warming and Ventilating
45. Ductmate Industries, Inc.
45. Greenheck Fan Corporation.
45. McGill AirFlow LLC. 
45. Ruskin Company.
45. Or equal.
1. Frame:  Galvanized sheet steel, with bend-over tabs and neoprene gaskets.
1. Provide negative pressure and positive pressure relief doors design to open automatically to prevent exploding or imploding ductwork in the event dampers close or some other event may occur while the fan is still operating.  The door shall automatically close and reset when the pressure is equalized or the system shuts down.  Ruskin models PRD18, NRD18, or ADHP-3.  Provide insulated doors in supply air systems, stainless steel construction for hazardous air exhaust systems and construction shall be appropriate for the pressure class.
1. Seal around frame attachment to duct and door to frame with neoprene rubber.
1. Insulation Type and Thickness:  1 inch, fibrous-glass or polystyrene-foam board.
FLEXIBLE CONNECTORS
Manufacturers:
1. Duro Dyne Inc.
1. Ventfabrics, Inc.
1. Ward Industries, Inc.
1. Or equal.
General Description:  Flame-retardant or noncombustible fabrics, coatings, and adhesives complying with UL 181, Class 1.
Metal-Edged Connectors:  Factory fabricated with a fabric strip minimum 5¾ inches wide attached to two strips of minimum 2¾ inches wide, 24-gauge galvanized sheet steel, or 24-gauge 304 stainless steel.
Connector fabric in paragraph below is not suitable for exposure to sun, weather, or corrosive environments.  It is suitable for system temperatures from minus 10 to plus 200 deg F.
Indoor System, Flexible Connector Fabric:  Glass fabric double coated with neoprene.
1. Minimum Weight:  22 ounces per square yard.
1. Tensile Strength:  475 lbf/inch in the warp and 360 lbf/inch in the filling.
1. Service Temperature:  Zero to plus 200°F
Connector fabric in paragraph below is suitable for exposure to sun, weather, and system temperatures from minus 10 to plus 240 deg F.
Outdoor System, Flexible Connector Fabric:  Glass fabric insulated double coated with weatherproof, Hypalon synthetic rubber resistant to UV rays and ozone.
1. Minimum Weight:  23 ounces per square yard
1. Insulation:  Fiberglass.
1. Tensile Strength:  250 lbf/inch in the warp and 275 lbf/inch in the filling.
1. Service Temperature:  Zero to plus 240°F
Connectors in paragraph below are suitable for system temperatures from minus 25 to plus 500 deg F.
High-Temperature System, Flexible Connectors:  Glass fabric coated with silicone rubber.
1. Minimum Weight:  16 ounces per square yard.
1. Tensile Strength:  200 lbf/inch in the warp and 185 lbf/inch in the filling.
1. Service Temperature:  Zero to plus 500°F
Connectors in paragraph below are suitable for systems handling corrosive gases with temperatures from minus 20 to plus 500 deg F.
High-Corrosive-Environment System, Flexible Connectors:  Glass fabric with Teflon chemical-resistant coating including gasoline grease and acetone, UL 214 listed.
1. Minimum Weight:  14 ounces per square yard.
1. Pressure Rating:  8 inch water gauge positive and 5 inches water gauge negative.
1. Tensile Strength:  300 lbf/inch in the warp and 275 lbf/inch in the filling.
1. Service Temperature:  Zero to plus 500°F
DRAW BAND CONNECTORS
Manufacturers:
1. Ductmate
1. Phoenix Controls Corp.
1. Or equal.
General Description:  Formed galvanized or stainless steel cylindrical sleeve with internal gasket and two external draw band bolts.  Flame-retardant or noncombustible gaskets and adhesives complying with UL 181, Class 1.
1. Pressure Rating:  10 inches water gauge positive and 5 inches water gauge negative.
1. Maximum Air Velocity:  4000 fpm.
1. Temperature Range:  Minus 20 to plus 200°F
1. Fume Hood or Corrosive Application: Chemically resistant gasket material. Galvanized metal shall not contact airstream or provide stainless steel.
FLEXIBLE DUCTS
UL 181 defines two categories of flexible ducts.  Ducts listed in accordance with UL 181 must pass all UL 181 tests.  Air connectors listed in accordance with UL 181 must pass most, but not all, UL 181 tests and are limited to lengths of 14 feet (4.3 m) or less.
Manufacturers:  
1. ANCO Products, Inc.
1. ATCO Rubber Products, Inc.
1. Buckley Associates, Inc.
1. CASCO; Cal-Flex  
1. Flexmaster U.S.A., Inc.
1. Quietflex Manufacturing Co.
1. Or equal.
Retain applicable optional paragraphs below for noninsulated, flexible ducts.
Noninsulated, Non-Metallic Flexible Duct:  UL 181, Class 1, black polymer reinforced sheeting or coated fiberglass cloth fabric supported by helically wound, spring-steel wire.
1. Pressure Rating:  4 inches water gauge positive and 0.5 inch water gauge negative.
1. Maximum Air Velocity:  4000 fpm.
1. Temperature Range:  Minus 20 to plus 175°F
1. Maximum installed length: 5 feet.
Noninsulated, Non-Metallic Flexible Duct:  UL 181, Class 0, interlocking spiral of aluminum foil, or coated heavy fiberglass cloth fabric.
1. Pressure Rating:  8 inches water gauge positive and 5 inches water gauge negative.
1. Maximum Air Velocity:  5000 fpm.
1. Temperature Range:  Minus 100 to plus 435°F
1. Maximum installed length: 5 feet.
Retain applicable optional paragraphs below for insulated, flexible ducts.
Insulated, Non-Metallic Flexible Duct:  UL 181, Class 1, black polymer film or coated fiberglass cloth fabric supported by helically wound, spring-steel wire; fibrous-glass insulation; polyethylene fire retardant vapor-barrier film.
1. Pressure Rating:  2 inches water gauge positive and 0.5 inch water gauge negative.
1. Maximum Air Velocity:  4000 fpm.
1. Minimum Installed R-Value:  R7.0
1. Temperature Range:  Minus 20 to plus 175°F
1. Maximum length: 5 feet.
Insulated, Non-Metallic Flexible Duct:  UL 181, Class 0, interlocking spiral of aluminum foil or coated fiberglass cloth fabric; fibrous-glass insulation; polyethylene fire retardant vapor-barrier film.
1. Pressure Rating:  8 inches water gauge positive and 5 inches water gauge negative.
1. Maximum Air Velocity:  5000 fpm.
1. Minimum Installed R-Value:  R7.0
1. Temperature Range:  Minus 20 to plus 250°F
1. Maximum length: 5 feet.
Flexible Duct Connectors:
1. Clamps:  Provide duct sealer with stainless-steel band clamps with stainless hex screw to tighten band with a worm-gear action in sizes 3 through 18 inches, to suit duct size.
1. Sheet Metal Screws:  are prohibited except for ducts over 20-inch in diameter provide minimum of four sheet metal screws and duct sealer.
DUCT ACCESSORY HARDWARE
Instrument Test Ports or Holes:  Cast aluminum, cast zinc, or zinc-plated cast iron to suit duct material, including screw cap and rubber gasket.  Size to allow insertion of Pitot tube and other testing instruments and of length to suit duct insulation thickness. Basis of design is VentLok 699, or VentLok 699-2 (where there is 2 inches of external insulation), or equal. 
Adhesives:  High strength, quick setting, waterproof, antimicrobial agent, and resistant to gasoline and grease, complying with UL 181 and approved for use inside of ducts.
Remote Damper Actuators:  Manually operated Bowden Cable Design Model 270 series by Young Regulator or equal.  
EXECUTION
APPLICATION AND INSTALLATION
Install duct accessories in accordance with applicable details in SMACNA's "HVAC Duct Construction Standards-- Metal and Flexible" for metal ducts.
Provide duct accessories and components of materials suited to duct materials; use galvanized-steel accessories in galvanized-steel ducts, and stainless-steel accessories in stainless-steel ducts.
Where permitted, install weighted backdraft dampers only on general low volume (less than 2,500 cfm) exhaust fans or exhaust ducts nearest to outside discharge.
Where dampers are installed in ducts having duct liner, install dampers with hat channels of same depth as liner, and terminate liner with nosing at hat channel.
Provide manual volume dampers at points on supply, return, and exhaust systems where branches lead from larger ducts as required for air balancing.  Provide balancing volume dampers at duct takeoff serving ceiling diffusers and registers.  Install at a minimum of two duct widths from branch takeoff.  Provide 12” long neon color flags hanging from damper handle for locating dampers.  Flags shall remain after balancing unless ductwork is exposed.
Provide instrument test holes in ductwork at fan inlets and outlets and elsewhere as required by Testing, Adjusting and Balancing contractor for testing and balancing purposes.  Factory install instrument test holes for air handling units.
Install fire and smoke dampers, with fusible links, in accordance with manufacturer's UL-approved written instructions.
When approved by the University’s representative in writing, install duct silencers rigidly to ducts and provide supports.
Install duct access doors to allow for inspecting, adjusting, and maintaining accessories and terminal units as follows:
1. Upstream side of duct coils.
1. Downstream from volume dampers, and equipment.
1. Adjacent to fire or smoke dampers, providing access to reset or reinstall fusible links.
1. To interior of ducts for cleaning; at base of risers or bottom of multi-story drops. 
1. On sides of ducts where adequate clearance is available.
1. For access to backdraft dampers adjustable device and to visual see position of dampers.
1. Control devices requiring inspection.
1. Elsewhere as indicated.
Install access doors to maintain seal when under duct static pressure.
Install the following sizes for rectangular duct-mounting, rectangular access doors:
1. 8 by 5 inches for 6-inch duct size and smaller.
1. 12 by 6 inches for 8-inch to 10-inch duct sizes.
1. 12 by 8 inches for 11 to 13-inch duct sizes.
1. 12 by 12 inches for 14-inch to 24-inch duct sizes by maximum of 18 inches wide.
1. 20 by 12 inches for 14-inch to 24-inch duct sizes by 19 inches and wider.
1. 24 by 24 inches for larger duct sizes than listed above. 
Install the following sizes for round duct-mounting, round access doors:
1. 8 inches in diameter for up to 12-inch diameter duct size.
1. 12 inches in diameter for 13-inch to 19 inch duct sizes.
1. 18 inches in diameter for 20-inch to 25 inch duct sizes.
1. 24 inches in diameter for larger duct sizes than listed above.
Label access doors in accordance with Division 23 Section "Identification for HVAC."
Install flexible connectors immediately adjacent to equipment in ducts associated with fans and motorized equipment supported by vibration isolators.  Units with internal fan isolation are prohibited to have a flexible connector.
For fans developing static pressures of 5 inches water gauge and higher, cover flexible connectors with loaded vinyl sheet held in place with metal straps.
For air systems with fire or smoke dampers in the mains provide pressure relief dampers when fan static exceeds pressure class of ductwork. 
Connect terminal units to hard metal supply ducts directly.
Connect diffusers, registers, and grilles with lengths of flexible duct, not exceeding five feet in length, clamped or strapped in place without kinks and not exceeding an angular layout sum of 135 degrees.  Do not use flexible ductwork above hard lid gypsum or similar inaccessible ceilings.  Do not use flexible ducts to change directions more than 45 degrees, and with 90 degrees or less turn down from horizontal duct to diffuser, register, or grille in ceiling. 
Connect flexible ducts to metal ducts with duct sealant and band clamps.  Flexible ducts 20-inch diameter and larger with galvanized sheet metal collars shall be connected with duct sealant and sheet metal screws.  
Provide bubble tight dampers for BSL-3 isolation dampers.  Provide pneumatic actuators except at HEPA filters provide manual wheel handle actuators.
FIELD QUALITY CONTROL
Tests and Inspections:
1. Operate dampers to verify full range of movement.
1. Inspect locations of access doors and verify that purpose of access door can be performed.
1. Operate fire, smoke, and combination fire and smoke dampers to verify full range of movement and verify that proper heat-response device is installed.
1. Operate remote damper operators to verify full range of movement of operator and damper.
Adjusting:
Adjust duct accessories for proper settings.
1. Adjust fire and smoke dampers for proper action.
1. Final positioning of manual-volume dampers is specified in Division 23 Section "Testing, Adjusting, and Balancing for HVAC."
END OF SECTION
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