Section 23 3101 
HVAC Ducts
. *************************************************************************************************************
1. LANL MASTER SPECIFICATION SECTION
	Rev. 3 Summary of Changes: Edited and updated as required for import into SpecLink.


1. NOTE TO SPECIFIER ON USAGE IN SPECLINK: Activate the Section by turning on Seq #0000, followed by activating paragraphs in PART 1, Article SECTION INCLUDES. This will activate related articles, paras/subparas in the rest of the Section (i.e., PART 1 activates articles and paras/subparas in PARTS 2 and 3). If there are choice fields to edit the entire Section (typically in this first author note or beginning of the Section), make selections at those locations, which will filter through the remaining Section. All Articles, paragraphs and subparagraphs must be activated sequentially from top to bottom, unless noted otherwise.
1. This template must be edited for each project. In doing so, Specifier must add job-specific requirements. Selections and choice fields are used to indicate designer choices or locations where text must be supplied by the designer. The section must also be edited to remove requirements for processes, items, or designs that are not included in the project.
1. To seek a variance from applicable requirements in this Section, contact the Engineering Standards Manual (ESM) Mechanical POC  (LANL access only). Please contact POC with suggestions for improvement as well. LANL personnel should submit here: Suggested Change or Request Clarification; subcontractors via email to engstandards@lanl.gov.
1. When assembling a specification package, include applicable specifications from all Divisions, especially Division 1, General Requirements.
1. Section is developed for ML-4 projects and commercial applications. For industrial or confinement ventilation applications, SMACNA Round and Rectangular Industrial Duct Construction Standards should be used to edit this specification. There are some portions of this specification that are only to be applied to ML-1 and ML-2 systems. For ML-1, 2, and 3 applications, additional requirements and independent reviews should be added if increased confidence in procurement or execution is desired; see LANL ESM Chapter 1 - General, Section Z10 Specifications and Quality sections.
1. Seismic: In order to edit this Section for Project-specific seismic requirements, refer to author notes that begin with “Seismic” and the Seismic Specification - Editing Guides and Flowchart for Mechanical Components posted with the templates for guidance on properly editing this Section.
. *************************************************************************************************************
PART 1 - GENERAL
SECTION INCLUDES
Requirements, materials, and fabrication for the following ductwork types:
1. ******************************************************************************
1. The following subparagraphs are designer choices based on project-specific requirements.
1. ******************************************************************************
Flexible ducts (insulated, low pressure).
Flexible ducts (insulated, high pressure).
Flexible ducts (non-insulated, low to high pressure).
Flexible connections (exposed to sun and weather).
Flexible connections (indoor).
Flexible connections (high corrosive environment system).
Spiral round and flat oval duct.
Glass fiber duct liner.
Elastomeric foam sheet duct liner.
Air duct board.
1. ***************************************************************************************
1. Seismic: Refer to Guide for editing guidance for Section << 01 8734 - Seismic Qualification of Nonstructural Components (IBC)>>.
1. Section << 01 8113.13 - Sustainable Design>> is not referenced in the body of this Section. Including it is a designer choice based on project-specific requirements.
1. ***************************************************************************************
RELATED REQUIREMENTS
Section ​<< 01 2500 - Substitution Procedures>>​​.
Section ​​<< 01 3300 - Submittal Procedures>>​​​​.
Section ​​<< 01 4444 - Offsite Welding, Brazing and Joining Requirements>>​​.
Section ​<< 01 4455 - Onsite Welding, Brazing and Joining Requirements>>​. 
Section << 01 8113.13 - Sustainable Design>>. 
Section ​​<< 01 8734 - Seismic Qualification of Nonstructural Components (IBC)>>​​, for requirements pertaining to ​​<< manufacturer's certification; and  special certification>>​​.
Section ​​​<< 09 9100 - Painting>>​​​.
Section << 22 0548.23 - Vibration and Seismic Controls for Mechanical Systems>>, for << seismic-design criteria,; or  None - N/A>> submittal requirements, devices for seismic restraint, and installation requirements for these devices.
Section ​​​<< 22 0713 - Plumbing and HVAC Insulation>>​​​.
REFERENCE STANDARDS
ASHRAE - ASHRAE Handbook.
ASME AG-1 - Code on Nuclear Air and Gas Treatment.
ASTM A36/A36M - Standard Specification for Carbon Structural Steel.
ASTM A90 - Standard Test Method for Weight [Mass] of Coating on Iron and Steel Articles with Zinc or Zinc-Alloy Coatings.
ASTM A480/A480M - Standard Specification for General Requirements for Flat-Rolled Stainless and Heat-Resisting Steel Plate, Sheet, and Strip.
ASTM A568/A568M - Standard Specification for Steel, Sheet, Carbon, Structural, and High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled, General Requirements for.
ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.
ASTM A666/A666M - Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel Sheet, Strip, Plate, and Flat Bar.
ASTM A924/A924M - Standard Specification for General Requirements for Steel Sheet, Metallic-Coated by the Hot-Dip Process.
ASTM A1008/A1008M - Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, Required Hardness, Solution Hardened, and Bake Hardenable.
ASTM A1011/A1011M - Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, and Ultra-High Strength.
ASTM B209/B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate.
ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal Transmission Properties by Means of the Guarded-Hot-Plate Apparatus.
ASTM C209 - Standard Test Methods for Cellulosic Fiber Insulating Board.
ASTM C356 - Standard Test Method for Linear Shrinkage of Preformed High-Temperature Thermal Insulation Subjected to Soaking Heat.
ASTM C411 - Standard Test Method for Hot-Surface Performance of High-Temperature Thermal Insulation.
ASTM C423 - Standard Test Method for Sound Absorption and Sound Absorption Coefficients by the Reverberation Room Method.
ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by Means of the Heat Flow Meter Apparatus.
ASTM C665 - Standard Specification for Mineral-Fiber Blanket Thermal Insulation for Light Frame Construction and Manufactured Housing.
ASTM C692 - Standard Test Method for Evaluating the Influence of Thermal Insulations on External Stress Corrosion Cracking Tendency of Austenitic Stainless Steel.
ASTM C1071 - Standard Specification for Fibrous Glass Duct Lining Insulation (Thermal and Sound Absorbing Material).
ASTM C1304 - Standard Test Method for Assessing the Odor Emission of Thermal Insulation Materials.
ASTM C1338 - Standard Test Method for Determining Fungi Resistance of Insulation Materials and Facings.
ASTM C1534 - Standard Specification for Flexible Polymeric Foam Sheet Insulation Used as a Thermal and Sound Absorbing Liner for Duct Systems.
ASTM D635 - Standard Test Method for Rate of Burning and/or Extent and Time of Burning of Plastics in a Horizontal Position.
ASTM D1171 - Standard Test Method for Rubber Deterioration - Surface Ozone Cracking Outdoors (Triangular Specimens).
ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials.
ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor Transmission Rate of Materials.
ASTM G7 - Standard Practice for Natural Weathering of Materials.
ASTM G21 - Standard Practice for Determining Resistance of Synthetic Polymeric Materials to Fungi.
AWS D9.1/D9.1M - Sheet Metal Welding Code.
CAL (CDPH SM) - Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental Chambers Version 1.2.
CAN/ULC-S102.2 - Standard Method of Test for Surface Burning Characteristics of Flooring, Floor Coverings, and Miscellaneous Materials and Assemblies.
NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems.
NFPA 90B - Standard for the Installation of Warm Air Heating and Air-Conditioning Systems.
NFPA 701 - Standard Methods of Fire Tests for Flame Propagation of Textiles and Films.
SMACNA - Sheet Metal and Air Conditioning Contractors’ National Association.
SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible.
SMACNA (LEAK) - HVAC Air Duct Leakage Test Manual.
SMACNA (RECTANGULAR) - Rectangular Industrial Duct Construction Standards.
SMACNA (ROUND) - Round Industrial Duct Construction Standards.
UL 94 - Tests for Flammability of Plastic Materials for Parts in Devices and Appliances.
UL 181 - Standard for Factory-Made Air Ducts and Air Connectors.
UL 181A - Closure Systems for Use with Rigid Air Ducts.
UL 181B - Closure Systems for Use with Flexible Air Ducts and Air Connectors.
UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials.
ACTION SUBMITTALS
Submit the following in accordance with Section << 01 3300 - Submittal Procedures>>:
Catalog data for duct materials, flexible duct/connectors, sealing materials.
1. ******************************************************************************
1. Designer shall retain the Shop Drawings submittal and its subparagraphs when applicable.
1. ******************************************************************************
Shop Drawings
Fabrication, assembly, and installation, including plans, elevations, sections, segmentation/joints, components, and attachments to other work.
Factory- and shop-fabricated ducts and fittings.
Duct layout indicating sizes, configuration, liner material, and static-pressure classes.
Elevation of top of ducts.
Dimensions of main duct runs from building grid lines.
Fittings.
Reinforcement and spacing.
Seam and joint construction.
Penetrations through fire-rated and other partitions.
Equipment installation based on equipment being used on Project.
Locations for duct accessories, including dampers, turning vanes, and access doors and panels.
Hangers and supports, including methods for duct and building attachment and vibration isolation.
Factory and shop fabricated exhaust stack.
The following areas or systems require Shop Drawings:
​​​<< _______>>​​​.
1. ******************************************************************************
1. Use ASME AG-1 and DOE-HDBK-1169 only for ML-1 and ML-2 applications.
1. ************************************************************************
Test Reports indicating leak tests performed. Include segment tested, test pressure, leakage rate, and tester/date following <<SMACNA (LEAK)>> Air Duct Leakage Test Manual for non-nuclear related ductwork and <<ASME AG-1>> Appendix TA III , DOE-HDBK-1169-2022, Table 4.14 (for guidance) and DOE-STD-1269 (mandatory) for nuclear and radiation related ductwork.
1. ******************************************************************************
1. The following two subparagraphs are designer choices.
1. ******************************************************************************
Certificates shall be submitted showing conformance with the applicable standards for ductwork materials, brazing materials, mill-rolled reinforcing and supporting materials, welding procedures, shop test procedures and reports.
Per the requirements of Section(s) ​<< 01 4444 - Offsite Welding, Brazing and Joining Requirements; and  01 4455 - Onsite Welding, Brazing and Joining Requirements>>​, submit:
1. *******Note: Only required as a submittal for Onsite welding when subcontractor is not using LANL WPS/PQR*******
Welding Procedure Specification (WPS) and supporting Procedure Qualification Record (PQR).
1. *******Note: Only required as a submittal for Onsite welding when subcontractor is not using LANL WPS/PQR*******
Welder Performance Qualification Records (WPQR) including continuity
Inspector qualification records
Inspection procedures
Weld inspection report(s) and weld map(s).
QUALITY ASSURANCE
Construct ductwork in accordance with <<SMACNA (DCS)>> and <<NFPA 90A>>.
Qualify welding processes and welding operators in accordance with  <<AWS D9.1/D9.1M>> for duct welding.
Fiberboard duct is not acceptable duct material except when used for fabricating return air sound traps.
1. ***************************************************************************************
1. Retain the first paragraph below only if specifying for air with contamination or chemicals (e.g. laboratory exhaust). Retain the second paragraph only for ML-1 and ML-2 applications.
1. ***************************************************************************************
Construct laboratory ductwork in accordance with ​​<< SMACNA (RECTANGULAR); and  SMACNA (ROUND)>>​​ and <<NFPA 90A>>.
For radiological applications, test leakage per <<ASME AG-1>>​ Appendix TA-III and DOE-HDBK-1169-2022, Table 4.14 (for guidance) and DOE-STD-1269 (mandatory).
QUALIFICATIONS
Manufacturer: Company specializing in manufacturing products specified in this section with minimum 3 years’ experience.
FIELD CONDITIONS
Do not install duct sealant when temperatures are less than those recommended by sealant manufacturers.
Maintain temperatures during and after installation of duct sealant.
FIELD MEASUREMENTS
Verify field measurements prior to fabrication.
PART 2 - PRODUCTS
PRODUCT OPTIONS AND SUBSTITUTIONS
Alternate products may be accepted; follow Section << 01 2500 - Substitution Procedures>>.
SEISMIC PERFORMANCE REQUIREMENTS
1. ***************************************************************************************
1. Seismic: For either paragraph below, if there are too many systems/components to list here, then list them in an appendix to this section, and then refer to that appendix in the para. Alternately, replicate the applicable subparagraphs below as many times as necessary.
1. ***************************************************************************************
The ​<< _______>>​ shall remain in place without separation of any parts when subjected to the design-basis earthquake ​<< per Section  01 8734 - Seismic Qualification of Nonstructural Components (IBC);  as represented by the seismic forces derived from the criteria indicated on the drawings; or  per Section 22 0548.23 - Vibration and Seismic Controls for Mechanical Systems>>​.
The << _______>> is a Designated Seismic System and, as such, it shall remain in place and << be fully operational; and  maintain containment>> following the design-basis earthquake << per Section  01 8734 - Seismic Qualification of Nonstructural Components (IBC);  as represented by the seismic forces derived from the criteria indicated on the drawings; or  per Section 22 0548.23 - Vibration and Seismic Controls for Mechanical Systems>>.
DUCT MATERIALS
1. ***************************************************************************************
1. Designer shall select only one of the five duct material options listed below.
1. ***************************************************************************************
Galvanized Steel Ducts and Fittings: <<ASTM A653/A653M>> and <<ASTM A924/A924M>> galvanized steel sheet, lock-forming quality, having ​<< G60; or  G90>>​ zinc coating per <<ASTM A90>>.
Finishes for surfaces exposed to View: Mill Phosphatized.
1. *** OR ***
Steel Ducts: ​<< ASTM A1008/A1008M;  ASTM A1011/A1011M; and  ASTM A568/A568M>>​.
1. *** OR ***
Aluminum Ducts: <<ASTM B209/B209M>>, aluminum sheet, alloy 3003-H14. Aluminum Connectors and Bar Stock: Alloy 6061-T6 or of equivalent strength.
1. *** OR ***
Stainless Steel Ducts: ​<< ASTM A666; and  ASTM A480/A480M>>​, Type ​<< 304; or  316>>​.
Exposed surface finish shall be ​<< _______;  No. 2D;  No. 3; or  No. 4>>​ as indicated ​<< on drawings; or  in Duct Schedule>>​.
1. *** OR ***
PVC Coated Ductwork: Fabricate from <<ASTM A653/A653M>> A653 galvanized steel sheet with minimum G60 zinc coating per <<ASTM A90>>. Provide 4-mil coating on both sides meeting <<UL 181>>, Class 1 requirements. PVC coating shall be uniform, smooth, and free from scratches or other imperfections. Cover scratches with manufacturer’s touch-up paint.
Fasteners: Rivets, bolts, or sheet metal screws.
Hanger Rod: <<ASTM A36/A36M>>; steel, threaded both ends, threaded one end, or continuously threaded. <<  Use aluminum, 6061-T6, hangers in contact with aluminum duct.; or  None - N/A>>
Hanger Straps: <<ASTM A653/A653M>> galvanized steel having G90 zinc coating in conformance with <<ASTM A90>>.
Structural Steel Members: <<ASTM A36/A36M>> steel. <<  Use aluminum, 6061-T6 members for aluminum ducts.; or  None - N/A>>
DUCTWORK FABRICATION
Fabricate ductwork, duct access doors and support in accordance with <<SMACNA (DCS)>>. Furnish duct material, gages, reinforcing, and sealing for design pressure class indicated.
1. ***************************************************************************************
1. Retain the paragraph below only if specifying for air with contamination or chemicals (e.g. laboratory exhaust).
1. ***************************************************************************************
Fabricate laboratory ductwork, duct access doors and support in accordance with << SMACNA (RECTANGULAR); and  SMACNA (ROUND)>>. Furnish duct material, gages, reinforcing, and sealing for Seal Class A.
Construct tees, bends, and elbows with minimum radius 1-1/2 times centerline duct width. Where not possible and where rectangular elbows are used, provide airfoil turning vanes constructed and installed in accordance with <<SMACNA>> Standards. Vanes are not required in return air sound trap elbows and transfer ducts.
Fabricate continuously welded round and oval duct fittings two gages heavier than duct gages indicated in <<SMACNA>> Standards.
Provide, at minimum, rectangular 45 degree entry fittings for rectangular ducts and 45 degree wye takeoffs for round ducts.
Provide 100% full penetration welds for exhaust ductwork serving perchloric and other acid systems and lab/process exhaust.
Duct sizes noted are inside clear dimensions.​<<  For lined ducts, maintain duct sizes inside lining.; or  None - N/A>>​
No variation of duct configuration or sizes other than those of equivalent or lower loss coefficient is permitted except by written permission from LANL STR. Round ducts installed in place of rectangular ducts shall be sized in accordance with <<ASHRAE>> table of equivalent rectangular and round ducts.
Increase duct size gradually, not exceeding 15 degree divergence wherever possible. Do not exceed 30-degree divergence upstream of equipment. Do not exceed 45-degree convergence downstream of equipment.
1. ***************************************************************************************
1. The following PART 2 Articles are designer choices based on project-specific requirements.
1. ***************************************************************************************
FLEXIBLE DUCTS (INSULATED, LOW PRESSURE)
Manufacturer: Flexmaster, Type 5.
Duct assembly of a trilaminate of aluminum foil, fiberglass, and aluminized polyester, mechanically locked (no adhesives) into an aluminum helix formed on the ducts outside surface, insulation encased in a fire retardant protective barrier, duct <<UL 181>> class 1, and complies with <<NFPA 90A>>.
Pressure Rating: 6 inches w.g. positive, 4 inches w.g. negative through 16 inches diameter, 1-inch w.g. negative for 18 inches and 20 inches diameter.
Rated Velocity: 4000 fpm.
Temperature Rating:  Minus 20 degrees F to plus 250 degrees F.
Insulation: Fiberglass, K-factor (thermal conductivity) of approximately 0.24 BTU•in/hr•ft2•deg. F at mean temperature of 75 degrees F.
FLEXIBLE DUCTS (INSULATED, HIGH PRESSURE)
Manufacturer:  Flexmaster, Type 3.
Duct assembly of a trilaminate of aluminum foil, fiberglass, and aluminized polyester, mechanically locked (no adhesives) into an aluminum helix formed on the ducts outside surface, insulation encased in a fire-retardant protective barrier, duct <<UL 181>> class 1, and complies with <<NFPA 90A>>.
Pressure Rating: 12 inches w.g. positive, 5 inches w.g. negative through 16-inch diameter, 1-inch w.g. negative for 18 inches and 20 inches diameter.
Rated Velocity: 5500 fpm.
Temperature Rating:  Minus 20 degrees F to plus 250 degrees F.
Insulation: Fiberglass, K-factor (thermal conductivity) of approximately 0.24 BTU•in/hr•ft2•deg. F at mean temperature of 75 degrees F.
FLEXIBLE DUCTS (NON-INSULATED, LOW TO HIGH PRESSURE)
Manufacturer: Flexmaster, Type NI-35.
Duct assembly of a trilaminate of aluminum foil, fiberglass, and aluminized polyester, mechanically locked (no adhesives) into an aluminum helix formed on the ducts outside surface, insulation encased in a fire-retardant protective barrier, duct <<UL 181>> class 1, and complies with <<NFPA 90A>>.
Pressure Rating: 12 inches w.g. positive, 5 inches w.g. negative through 16 inches diameter, 1-inch w.g. negative for 18 inches and 20 inches diameter.
Rated Velocity: 6500 fpm.
Temperature Rating: Minus 20 degrees F to plus 250 degrees F.
1. *************************************************************************************
1. Provide flexible connections immediately adjacent to suction and discharge ends of moving equipment, e.g., fans.
1. NOTE: Per Ventfabrics, their flexible-connection products aren’t intended to function/perform as seismic flex connections.
1. ***************************************************************************************
FLEXIBLE CONNECTIONS (EXPOSED TO SUN AND WEATHER)
Manufacturer: Ventfabrics, Ventlon.
Heavy glass fiber (coated with DuPont’s Hypalon), fire retardant, and complying with <<NFPA 90A>> and <<NFPA 701>>.
Pressure Rating:  10 inches w.g., negative and positive.
Temperature Rating:  Minus 10 degrees F to plus 275 degrees F.
Weight: 26 oz./sq. yd. plus or minus 2 ounces.
FLEXIBLE CONNECTIONS (INDOOR)
Manufacturer: Ventfabrics, Ventglas.
Heavy glass fiber (coated with DuPont’s neoprene), fire retardant, and complying with <<NFPA 90A>> and <<NFPA 701>>.
Pressure Rating: 10 inches w.g. negative and positive.
Temperature Rating: Minus 20 degrees F to plus 200 degrees F.
Weight: 30 oz./sq. yd. plus or minus 3 ounces.
1. ***************************************************************************************
1. Check with vendor to determine chemical compatibility of flexible connections in highly corrosive environments.
1. ***************************************************************************************
FLEXIBLE CONNECTIONS (hIGH cORROSIVE Environment SYSTEM)
Manufacturer: Ventfabrics, Ventel.
Glass fabric with chemical-resistant coating.
Pressure Rating: << 8; or  _______>> inches w.g. negative and positive.
Temperature Rating: Minus << 20; or  _______>> degrees F to plus << 500; or  _______>> degrees F.
Weight: << 16; or  _______>> oz./sq. yd. plus or minus << 1; or  _______>> ounce(s).
1. ***************************************************************************************
1. When specifying spiral seam ductwork, check the manufacturer’s data for standard stock sizes.
1. ***************************************************************************************
SPIRAL ROUND AND FLAT OVAL DUCT
Machine made spiral lock-seam duct constructed of galvanized steel with light reinforcing corrugations.
Fittings:  Welded seam construction, manufactured of at least two gages heavier metal than duct.
Joints:  Either fully welded or bolted flange with gasket material in accordance with manufacturer’s recommendation.
glass fiber DUCT LINer
1. ***************************************************************************************
1. See LANL ESM Chapter 6 - Mechanical, Section D30, for duct lining limitations.
1. ***************************************************************************************
Manufacturer: CertainTeed, Tough Gard R® or equivalent.
Composed of long textile type glass fibers with thermosetting resin overlaid with a tough and durable fire resistive black composite surface on the air stream. The air stream surface shall contain an EPA registered antimicrobial agent to reduce the potential of microbial growth. Flame spread/smoke developed 25/50 maximum meeting <<NFPA 90A>> requirements.
Thickness: << 1; or  _______>> inch.
Velocity Rating: 6000 fpm.
Temperature Rating: 250 degrees F.
Thermal Performance: << 0.227; or  _______>> BTU•in/hr•ft2•deg. F at mean temperature of 75 degrees F, in accordance with <<ASTM C518>> and/or <<ASTM C177>>.
Noise Reduction Criteria (NRC): Minimum 0.70 << based on 1-inch thick liner; or  _______>>.
Minimum Density: << 1-1/2; or  ______>> lb/ft3.
elastomeric foam sheet duct liner
Elastomeric Duct Insulation with Pressure-Sensitive Adhesive (PSA): “AEROFLEX Breathe-EZ Duct Insulation PSA”.
Description: Listed & labeled, ULS Technology, EPDM-rubber-based, fiber-free, microbial-resistant, acoustic, flexible, closed-cell, lightweight, elastomeric duct liner with PSA.
Thicknesses: ​​<< 1 inch;  1-1/2 inches; and  2 inches>>​​.
Joint Closure: Apply “AEROFLEX Protape” over seams sealed with “AEROFLEX Aeroseal LVOC Black” adhesive.
Approval/Conformance:
<<ASTM C1534>>​, Type I.
<<ASTM G21>>, fungal resistance.
<<CAL (CDPH SM)>>​, VOC emissions.
<<NFPA 90A>>.
<<NFPA 90B>>.
<<UL 181>>, Section 12 mold growth/humidity.
<<UL 181>>, Section 17 air erosion.
Thermal Conductivity, <<ASTM C177>> and <<ASTM C518>>:
Mean Temperature 75 Degrees F (24 Degrees C): 0.255 BTU-in/hr-ft2-degree F.
Service Temperature, Continuous, Self-Adhering Insulation, <<ASTM C411>>:
Upper: 248 degrees F (120 degrees C).
Lower: Minus 22 degrees F (Minus 30 degrees C).
Fire Safety Characteristics, Through 2-Inch Thickness:
<<UL 94>>​: Class V-0.
Flame Spread Index, <<ASTM E84>>, <<UL 723>>, <<CAN/ULC-S102.2>>: Maximum 25.
Smoke Developed Index, <<ASTM E84>>, <<UL 723>>, <<CAN/ULC-S102.2>>: Maximum 50.
<<ASTM D635>>: Self-extinguishing.
Water Absorption, Maximum, <<ASTM C209>>​: 0.2 percent by volume.
Water Vapor Permeability, Maximum, <<ASTM E96/E96M>>​: 0.08 perm-inch.
Dimensional Stability, Maximum, <<ASTM C356>>​: 7 percent.
Odor Emission, <<ASTM C1304>>: Pass.
Corrosiveness, <<ASTM C665>> and <<ASTM C692>>, DIN 1988: Pass.
Fungi/Mold Resistance, <<ASTM C1338>> and <<ASTM G21>>, <<UL 181>>​: No growth.
VOC Emissions, <<CAL (CDPH SM)>>​: less than or equal to 0.5 mg/m3.
Erosion Resistance, <<ASTM C1071>>, <<UL 181>>: Pass.
Noise Reduction Coefficient, <<ASTM C423>>:
1-Inch Thickness: 0.45.
1-1/2-Inch Thickness: 0.50.
2-Inch Thickness: 0.55.
UV Resistance, <<ASTM G7>>​: Minimal cracking.
Ozone Resistance, <<ASTM D1171>>​: No cracking.
Nitrosamine Content, US FDA CPG 7117.11, BS EN 12868:  None detected.
R-Value
1-Inch Thickness:  4.2.
1-1/2-Inch Thickness:  6.3.
2-Inch Thickness:  8.3.
Pressure-Sensitive Adhesive (PSA)
Adhesive:  Scrim-reinforced, acrylic, pressure-sensitive adhesive.
Adhesive Thickness, PSTC-133: 3.0 mils.
Peel Adhesion, PSTC-101: 116 oz/inch.
Shear Strength, PSTC-107: Greater than 6 hours.
Application Temperature, Minimum: Minus 15 degrees F (Minus 26 degrees C).
Service Temperature, Maximum, Continuous: 248 degrees F (120 degrees C).
AIR DUCT BOARD
1. ***************************************************************************************
1. Use this material ONLY for fabricating return air sound traps per LANL Mechanical Standard Detail ST-D3040-2. Specify black mat interior finish where reflection (dark rooms, etc.) or aesthetics is a concern.
1. ***************************************************************************************
Manufacturer: CertainTeed, Ultra*Duct Black Duct Board.
Rigid resin-bonded fiberglass board faced on exterior side with foil-scrim-kraft (FSK) vapor retarder, and air stream surface faced with a tightly bonded non-woven black mat facing or impregnated with a polymer coating. Service temperature 250 degrees F maximum, air velocity 5000 fpm maximum, and internal static pressure plus or minus 2 inches water maximum. The air stream surface shall contain EPA registered antimicrobial agent to reduce the potential of microbial growth. Flame spread/smoke developed 25/50 maximum meeting <<NFPA 90A>> requirements, thickness 1 inch.
PART 3 - EXECUTION
EXAMINATION
Verify sizes of equipment connection before fabricating transitions.
INSTALLATION
Install, seal, and support ductwork in accordance with <<SMACNA (DCS)>>​.
Seal all ductwork and plenums with pressure class ratings to <<SMACNA>> Seal Class A.
During construction, install temporary closures of metal or taped polyethylene on open ductwork to prevent construction dust from entering ductwork system.
Use double nuts and lock washers on threaded rod supports.
Connect flexible ducts to metal ducts with metal screw clamps or draw bands and suitable sealer. Follow manufacturer’s installation instructions.
Locate ducts with sufficient space around equipment to allow normal operating and maintenance activities.
Install balancing dampers with indicating type locking quadrant where noted on drawing. Inspect and ensure that the construction of balancing dampers, including the hand quadrant, is of good quality prior to installation.
Dampers are not required upstream or downstream of Variable Air Volume (VAV) boxes serving only one diffuser.
Do not use splitter dampers.
Locate balancing dampers as far as possible (recommend no closer than 5 feet) from air terminals to avoid excessive noise.
Install flexible connections for << _______>> where shown on drawings.
Install flexible connections with minimum 1 inch slack immediately adjacent to equipment in ducts associated with fans and motorized equipment.
Limit flexible ductwork to diffusers, terminal units, or light troffer boots, to 5 feet in length.
Do not install flexible ductwork upstream of VAV boxes.
Install rigid straight ductwork, 2 duct diameters or a minimum of 12 inches, downstream of VAV boxes.
1. ***************************************************************************************
1. Refer to NFPA 90A, Annex A, Section A.4.3.4.1 and SMACNA Fire, Smoke and Radiation Dampers Installation guide for HVAC System for fire damper access door sizes, locations, etc.
1. ***************************************************************************************
Install duct access doors for inspection and cleaning upstream of filters, coils, automatic dampers, rectangular elbows with turning vanes, and equipment as indicated on drawings. Provide minimum 8 X 8 inch size for hand access, 18 X 18 inch size or 18 inch x the duct height/width less 2 inches for shoulder access.
Install duct access door upstream of fire damper, size << 18 x 18 min., 24 x 24 max; or  _______>>​.
Where indicated, weld or braze duct joints and seams in accordance with <<AWS D9.1/D9.1M>>​.
Repair damaged galvanized ductwork surfaces (welds, scratches, etc.) by applying minimum 2 coats of a zinc base paint.
1. ***************************************************************************************
1. Paragraph below is an optional requirement; consult with customer. Specify Color if necessary.
1. ***************************************************************************************
Paint exposed ductwork in occupied areas to match surroundings. Refer to Section << 09 9100 - Painting>>. << Color: _______; or  None - N/A>>.
Provide duct drops to diffuser same size as diffuser neck size.
Provide UL/FM approved through-penetration firestop system when penetrating fire-rated barriers (i.e., walls, floors, etc).
Install openings in ductwork where required to accommodate thermometers and controllers. Install pitot tube openings for testing of systems. Install pitot tube complete with metal can with spring device or screw to prevent air leakage. Where openings are provided in insulated ductwork, install insulation material inside metal ring.
Secure duct liner with mechanical fasteners and adhesive per SMACNA duct liner standards and/or manufacturer’s installation specifications. Coat all raw exposed edges per manufacturer’s instructions.
Insulate ductwork in accordance with Section << 22 0713 - Plumbing and HVAC Insulation>>.
CLEANING
After completing system installation and inspection, clean duct systems in accordance with National Air Duct Cleaners Association (NADCA) specifications.
The cleaning agency shall be a certified member of NADCA or shall be certified by a nationally recognized program and organization.
1. ***************************************************************************************
1. Include a material schedule when project contains more than one system with different duct materials (partial industrial/confinement applications). The following is an example of a schedule.
1. ***************************************************************************************
DUCTWORK MATERIAL SCHEDULE
Fabricate ducts from galvanized steel except for the following air systems
	AIR SYSTEM
	MATERIAL

	Fume Hood Exhaust
	Stainless Steel ​​​​​​​<< 304; or 316>>​​​​​​​​

	Shower Room and Dishwasher Exhaust
	Stainless steel

	Emergency Generator Exhausts
	Steel, Schedule 40 pipe.

	​​<< Other>>​​ 
	​​<< TBD>>​​ 


DUCTWORK PRESSURE CLASSIFICATIOn
1. ***************************************************************************************
1. Each duct system is constructed for the specific pressure classification selected by the designer. This information must be noted on the drawings or in this specification if the pressure class exceeds 1-inch w.g. For guidance on pressure classification refer to SMACNA HVAC duct construction standards, metal and flexible or SMACNA rectangular or round industrial duct construction standards. The following is an example.
1. ***************************************************************************************
Construct each duct system for a minimum pressure classification of 1 inch w.g., and as follows
Supply Ducts: << 3; or  _______>> inches w.g. pressure duct from air handling unit to VAV terminal unit.
Supply Ducts: << 2; or  _______>> inches w.g. pressure duct from VAV terminal unit to diffuser.
Return Ducts: << 2; or  _______>> inches w.g., negative pressure.
Exhaust Ducts: << 2; or  _______>> inches w.g., negative pressure.
DUCT SEALING
Seal duct seams and joints in accordance with the duct pressure classification as described in <<SMACNA (DCS)>>. Use minimum Seal Class A.
Seal joints between duct segments and duct seams with welds, gaskets, mastic adhesives, mastic plus embedded fabric systems, or tape.
Sealants, Mastics and Tapes: Conform to << UL 181A; and  UL 181B>>. Provide products bearing appropriate UL markings.
Do not provide sealing products not bearing UL approval markings.
1. ***************************************************************************************
1. Retain the two paragraphs below only if specifying for air with contamination or chemicals (e.g. laboratory exhaust).
1. ***************************************************************************************
Seal duct seams and joints in accordance with the duct pressure classification as described in << SMACNA (RECTANGULAR); and  SMACNA (ROUND)>>. Use minimum Seal Class A.
Seal joints between duct segments and duct seams with welds and gaskets.
Sealants: Conform to << UL 181A; and  UL 181B>>. Provide products bearing appropriate UL markings.
Do not provide sealing products not bearing UL approval markings.
Do not use pressure-sensitive sealant on ducts with a pressure class of 1-inch w.g. or greater.
DUCT LEAKAGE
1. ***************************************************************************************
1. ASHRAE Standard 90.1-2019 (Section 6.4.4.2.2) does require leakage testing for ducts designed to operate at static pressures in excess of 3 inches w.g. and all ductwork located outdoors. The following is an example leakage test spec for duct pressure class (4 inches w.g.). Refer to SMACNA HVAC Air Duct Leakage Test Manual for other duct class leakage classification. Note: It may be inadequate for nuclear facilities.
1. ***************************************************************************************
Leak test ducts with a duct pressure class in excess of << 3; or  _______>> inches w.g.  Leak Test all ductwork located outdoors regardless of pressure class.
Perform leakage tests in accordance with <<SMACNA (LEAK)>> tsing tests forms equivalent to those outlined in manual.
1. ***************************************************************************************
1. Retain the two paragraphs below only if specifying for air with contamination or chemicals (e.g. laboratory exhaust), and designated as ML-1 or ML-2.
1. ***************************************************************************************
Leak test ducts in accordance with DOE-HDBK-1169-2022 Table 4.14.
Perform leakage tests in accordance with <<ASME AG-1>> Appendix TA-III.
Disassemble, reassemble, and seal segments of systems to accommodate leakage testing and for compliance with test requirements.
Test for leaks before applying external insulation.
Conduct tests at static pressures equal to maximum design pressure of system or segment being tested. If static-pressure classes are not indicated, test system at maximum system design pressure. Do not pressurize systems above maximum design operating pressure.
Give << seven; or  _______>> days' advance notice for testing.
The entire duct system need not to be tested. Tests may be made for only representative segments provided these segments represent at least 25 percent of the total installed duct area for the tested pressure class.
Maximum Allowable Leakage: Comply with the following requirements:
Leakage Classification << 3; or  _______>> for round and flat oval ducts.
Leakage Classification << 6; or  _______>>​ for rectangular ducts.
1. ******************************************************************************
1. Use DOE-STD-1269 and DOE-HDBK-1169 only for ML-1 and ML-2 applications.
1. ******************************************************************************
Leakage Criteria in DOE-HDBK-1169-2022, Table 4.14 for Level << _______>>​ (for guidance) and DOE-STD-1269 (mandatory) for nuclear and radiation related ductwork
Remake leaking joints and retest to ensure leakage is less than the minimum allowed.
END OF SECTION
1. **********************************************************************************************
1. Do not omit the following reference information:
1. **********************************************************************************************
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