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METAL DUCTS
GENERAL
SUMMARY
Section Includes:
Single-wall rectangular ducts and fittings.
Double-wall rectangular ducts and fittings.
Single-wall round ducts and fittings.
Double-wall round ducts and fittings.
Sheet metal materials.
Sealants and gaskets.
Hangers and supports.
Seismic-restraint devices.
Duct liner.  Exposed fibrous glass duct liners are prohibited. 
Tie Rods:  Tie rods inside ductwork are prohibited.
ACTION SUBMITTALS
Product Data:  For each type of the following products:
Liners and adhesives.
Sealants and gaskets.
Seismic-restraint devices.
Ducts, fittings, hangers, dampers, supports, fasteners and any other sheet metal products proposed.
Shop Drawings:  CAD-generated.  Show fabrication and installation details for metal ducts.
Fabrication, assembly, and installation, including plans, elevations, sections, components, and attachments to other work.
Equipment service clearance and access panels and door swings.
Duct layout indicating sizes and pressure classes.
Elevations of top and bottom of ducts.
Dimensions of main duct runs from building grid lines or face of existing walls or columns.
Fittings proposed.
Reinforcement and spacing.
Seam and joint construction.
Penetrations through fire-rated and other partitions.
Equipment installation based on equipment being furnished on Project.
Locations for duct accessories, including dampers, access doors, and panels.
Hangers and supports, including methods for duct and building attachment, vibration isolation, and seismic restraints.
Fabrication details and materials may be a separate submittal from ductwork shop drawings.
Seismic bracing may be a separate submittal and include calculations, details, products, and plans.
Delegated-Design Submittal:
Sheet metal thicknesses.
Joint and seam construction and sealing.
Reinforcement details and spacing.
Materials, fabrication, assembly, and spacing of hangers and supports.
Design Calculations: Calculations, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation for selecting hangers and supports and seismic restraints.
INFORMATIONAL SUBMITTALS
Retain "Coordination Drawings" Paragraph below for situations where limited space necessitates maximum utilization for efficient installation of different components or if coordination is required for installation if products and materials by separate installers. Preparation of coordination drawings requires the participation of each trade involved in installations within the limited space.
Coordination Drawings: A single set of plans or BIM model, drawn to scale, showing the items described in this Section, and coordinated with all building trades.
Retain first paragraph below if procedures for welder certification are retained in "Quality Assurance" Article.
Welding certificates.
Field quality-control test reports.
QUALITY ASSURANCE
Delete first paragraph below if no welding.  Retain "Welding certificates" Paragraph in "Submittals" Article if retaining below.  AWS states that welding qualifications remain in effect indefinitely unless welding personnel have not welded for more than six months or there is a specific reason to question their ability.  Welding is required for ducts connecting fume hoods, commercial kitchen hoods, some material-handling exhaust systems, and some high pressure classes.  Generally, this welding does not require certification.  Delete structural welding code references if welding of steel plates and shapes is not required.
Welding:  Qualify procedures and personnel in accordance with the following:
AWS D1.1, "Structural Welding Code--Steel," for hangers and supports 
AWS D1.2, "Sheet Metal Welding Code," for duct joint and seam welding.
PRODUCTS
PERFORMANCE REQUIREMENTS
Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam and joint construction, reinforcements, hangers and supports, shall comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and with performance requirements and design criteria indicated in "Duct Schedule" Article.
Duct system design shall be used to select size and type of air-moving and distribution equipment and other air system components.  Design of the layout and configuration of duct system shall be approved in writing by the University’s Representative. 
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 and California Building Codes. Seismically brace duct hangers and supports in accordance with SMACNA's "Seismic Restraint Manual: Guidelines for Mechanical Systems."
Seismic-Restraint Loading:
Site Class as Defined in the CBC:  D.
Most building on campus are group II, building with 300+ occupants in a space are group III as well as police, fire and EH&S buildings and other buildings considered essential.
Assigned Seismic Use Group or Building Category as Defined in the CBC:  II.
Component Importance Factor:  1.0.
Component Response Modification Factor:  see Ap in table below.
Component Amplification Factor:  see Rp in table below.
	Distribution Systems
	Ap
	Rp 

	Ductwork, including in-line components, constructed of high-deformability materials, with joints made by welding or brazing. 
	2.5
	9

	Ductwork, including in-line components, constructed of high- or limited-deformability materials, with joints made by means other than welding or brazing.
	2.5
	6

	Ductwork, including in-line components, constructed of low-deformability material, such as cast iron, glass, and non-ductile plastics. 
	2.5
	3


Design Spectral Response Acceleration at Short Periods (0.2 Second): 1.057 g.
Design Spectral Response Acceleration at 1.0-Second Period: 0.579 g.
Duct Dimensions: Unless otherwise indicated, duct dimensions indicated on Drawings are inside clear dimensions and do not include insulation or duct wall thickness.
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.  Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.
Galvanized Sheet Steel:  Lock-forming quality; complying with ASTM A653 and having G90 coating designation.  Ducts shall have mill-phosphatized finish for surfaces exposed to public view and that are specified to be painted.
Stainless Steel:  ASTM A480, Type 316L, cold rolled, annealed, sheet, unless otherwise indicated, and having a No. 2D finish for concealed ducts and No. 4 finish for ducts exposed to public view.  Minimum 18 gauge.  Provide welded joint construction.
Reinforcement Shapes and Plates:  ASTM A36, steel plates, shapes, and bars; black and galvanized or stainless steel.
DUCT LINER
Shall not be used without University’s Representatives written approval.
Flexible Elastomeric Duct Liner, if indicated on drawings:  Comply with NFPA 90A. 
Manufacturers:
Armacell 
Aeroflex USA
K-flex USA
Or equal.
Materials: Flexible Polymeric Foam Sheet Insulation complying with ASTM C1534, Type I, 
Thickness:  1 inch.
Thermal Conductivity (k-Value):  less than 0.25 at 75°F mean temperature.
Fire-Hazard Classification:  Maximum flame-spread index of 25 and smoke-developed index of 50 when tested in accordance with ASTM C411.
UL 181 for mold growth/humidity, air erosion and passes ASTM G21 Fungal Resistance.
Liner Adhesive:  As recommended by insulation manufacturer and complying with NFPA 90A.
For indoor applications use adhesive that has a VOC content of 50 g/l or less when calculated in accordance with 40 CFR 59, Subpart D (EPA Method 24).
SEALANT AND GASKETS
General Sealant and Gasket Requirements:  Surface-burning characteristics for sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index of 50 when tested in accordance with UL 723; certified by an NRTL.
Water-Based Joint and Seam Sealant:
Application Method:  Brush on.
Solids Content:  Minimum 65 percent.
Shore A Hardness:  Minimum 20.
Water resistant.
Mold and mildew resistant.
VOC:  Maximum 75 g/l (less water).
Maximum Static-Pressure Class:  10 inches w.g, positive and negative.
Service:  Indoor or outdoor.
Substrate:  Compatible with galvanized sheet steel.
Flanged Joint Sealant:  Comply with ASTM C920.
General:  Single-component, acid-curing, silicone, elastomeric.
Type:  S.
Grade:  NS.
Class:  25.
Use:  O.
For indoor applications use sealant that has a VOC content of 250 g/l or less when calculated in accordance with 40 CFR 59, Subpart D (EPA Method 24).
Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
O-ring seals are generally available for duct fittings 3 to 24 inches in diameter.
Round Duct Joint O-Ring Seals:
Seal shall provide maximum leakage class of 3 cfm/100 ft² at 1 inch w.g. and shall be rated for 10 inches w.g. static-pressure class, positive or negative.
Retain one or both subparagraphs below.  These are proprietary seals provided on factory-fabricated, round duct fitting joints and constructed with specific dimensions to ensure a proper seal.
EPDM O-ring to seal in concave bead in coupling or fitting spigot.
Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings and fitting spigots.
HANGERS AND SUPPORTS
Verify attachment selection and spacing with structural engineer.
Building Attachments:  Drilled in fasteners, or structural-steel fasteners appropriate for construction materials to which hangers are being attached.
Use drilled in concrete fasteners for standard-weight aggregate concretes or for slabs more than 5 inches thick.
Powder-Actuated Fasteners:  are prohibited except when executed in accordance with Division 01.
Hanger Materials:  Galvanized sheet steel or threaded steel rod.
Hangers Installed in Corrosive Atmospheres:  Hot-dip galvanized, threaded rods or stainless steel.
Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for steel sheet width and thickness and for steel rod diameters.
Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
Trapeze and Riser Supports:  Steel shapes complying with ASTM A36.
Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates.
Supports for Stainless-Steel Ducts:  Galvanized-steel or stainless steel shapes and plates.
RECTANGULAR DUCT FABRICATION
Fabricate ducts, elbows, transitions, offsets, branch connections, and other construction in accordance with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" third edition and complying with requirements for metal thickness, reinforcing types and intervals, and joint types and intervals except as modified by this specification.  
0. Lengths:  Fabricate rectangular ducts in lengths appropriate to reinforcement and rigidity class required for pressure class.
Deflection:  Duct systems shall not exceed deflection limits in accordance with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."
Elbows shall be short radius with splitter or guide vanes are the standard method to be used on campus or if space permits, long radius elbows may be used, figure 4-2, type RE 1 and RE 3 in the SMACNA manual.  Use short radius elbows with 1, 2, or 3 splitter or guide vanes.  Construct splitter or guide vanes per SMACNA HVAC Systems Duct Design Manual.
Mitered elbows with or without turning vanes and other elbow types are prohibited.
Divided flow branches shall be per SMACNA manual figure 4-5, type 1, or type 4A or 4B only.
Branch connections per SMACNA manual figure 4-6; 45-degree entry shall only be used where airflow in branch is less than 25% of total airflow in main duct.  
Offsets shall be SMACNA manual figure 4-7, type 3 only.
Provide bell mouth transitions for connections to air handling units and plenums.
Transverse Joints:  Prefabricated slide-on joints and components constructed using manufacturer's guidelines for material thickness, reinforcement size and spacing, and joint reinforcement.
Manufacturers:
Ductmate Industries, Inc.
Nexus Inc.
Ward Industries, Inc.
Or equal.
Longitudinal Seams:  Pittsburgh lock sealed with non-curing polymer sealant.  
Button punch snap lock seams are prohibited.
Provide drive slip or equivalent flat seams for ducts exposed in the conditioned space or where necessary due to space limitations. 
Cross Breaking or Cross Beading:  Cross break or cross bead duct sides 19 inches and larger and 20 gauge (0.0359 inch thick) or less, with more than 5 square feet of unbraced panel area. .
APPLICATION OF LINER IN RECTANGULAR DUCTS
Adhere a single layer of indicated thickness of duct liner with at least 100 percent adhesive coverage at liner contact surface area.  Attaining indicated thickness with multiple layers of duct liner is prohibited.
Apply adhesive to transverse edges of liner facing upstream that do not receive metal nosing.
Butt transverse joints without gaps and coat joint with adhesive.
Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-edge overlapping.
Do not apply liner in rectangular ducts with longitudinal joints, except at corners of ducts, unless duct size and standard liner product dimensions make longitudinal joints necessary.
Apply adhesive coating on longitudinal seams.
Secure liner with mechanical fasteners 4 inches from corners and at intervals not exceeding 12 inches transversely; at 3 inches from transverse joints and at intervals not exceeding 18 inches longitudinally.
Secure transversely oriented liner edges facing the airstream with metal nosing that have either channel or "Z" profiles or are integrally formed from duct wall.  Fabricate edge facings at the following locations:
Fan discharges. 
Intervals of lined duct preceding unlined duct.
Upstream edges of transverse joints in ducts where air velocities are greater than 2500 fpm or where indicated. 
Sheet Metal Inner Duct Perforations:  3/32-inch diameter, with an overall open area of 23 percent.  Use solid metal (non-perforated) inner ducts for material handling exhaust systems.
Terminate inner ducts with build outs attached to fire-damper sleeves, dampers, splitter vane assemblies, or other devices.  Fabricated build outs (metal hat sections) or other build out means are optional; when used, secure build outs to duct walls with bolts, screws, rivets, or welds.
ROUND AND FLAT-OVAL DUCT AND FITTING FABRICATION
Diameter as applied to flat-oval ducts in this Article is the diameter of a round duct with a circumference equal to the perimeter of a given size of flat-oval duct.
Round, Spiral Lock-Seam Ducts:  Fabricate supply ducts of galvanized steel in accordance with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."
Flat-Oval, Spiral Lock-Seam Ducts:  Fabricate supply ducts in accordance with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible." Fabricate ducts larger than 72 inches in diameter with butt-welded longitudinal seams.
Manufacturers:
McGill AirFlow Corporation.
SEMCO Incorporated.
Superior Duct Fabrication, Pomona, CA
Or equal.
Duct Joints:
Ducts up to 20 inches in Diameter:  Interior, center-beaded slip coupling per SMACNA figure 3-1, RT-1, sealed before and after fastening, attached with sheet metal screws.
Three-piece, gasketed flanged joint consisting of two external flanges with sealant, SMACNA manual figure 3-1, RT-2, and 2A.
Round Ducts:  Prefabricated connection system consisting of neoprene gasket dual flanges.  Manufacture ducts in accordance with connection system manufacturer's tolerances.
Manufacturers:
Ductmate Industries,  model Spiralmate
McGill Airflow Corporation
METU-Streimer, model SR-jointing clips
Nordfab Americas, model Quick-Fit 
Ductmate Industries, Inc.
Nexus Inc.
Ward Industries, Inc.
Or equal.
Flat-Oval Ducts:  Prefabricated connection system consisting of two flanges and one synthetic rubber gasket.
Manufacturers:
Ductmate Industries, Inc.
McGill AirFlow Corporation.
SEMCO Incorporated.
Or equal.
90-Degree Tees and Laterals and Conical Tees:  Fabricate to comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible," with metal thicknesses specified for longitudinal-seam straight ducts.
Diverging-Flow Fittings:  Fabricate with reduced entrance to branch taps and with no excess material projecting from fitting into branch tap entrance.
Fabricate elbows using die-formed, gored, segmented, or mitered construction. Ratio of centerline radius to duct diameter of elbows (R/D) shall be 1½.  Unless elbow construction type is indicated, fabricate elbows as follows:
Mitered-Elbow Number of Pieces:  Welded construction complying with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible," comply with table 3-1 at R/D 1.5 (e.g. 60° elbow must have 4 mitered pieces). 
SMACNA requires that metal thickness of fittings be equal to or greater than that of ducts.  First two subparagraphs and associated subparagraphs below are extracted from manufacturer's catalog where metal thickness exceeds that of straight ducts. 
Round Mitered Elbows:  Welded construction with the following metal thickness for pressure classes from minus 2 to plus 2 inches w.g.:
Ducts 3 to 36 inches in Diameter:  0.034 inch.
Ducts 37 to 50 inches in Diameter:  0.040 inch.
Ducts 52 to 60 inches in Diameter:  0.052 inch.
Ducts 62 to 84 inches in Diameter:  0.064 inch.
Round Mitered Elbows:  Welded construction with the following metal thickness for pressure classes from 2- to 10 inches w.g.:
Ducts 3 to 26 inches in Diameter:  0.034 inch.
Ducts 27 to 50 inches in Diameter:  0.040 inch.
Ducts 52 to 60 inches in Diameter:  0.052 inch.
Ducts 62 to 84 inches in Diameter:  0.064 inch.
Flat-Oval Mitered Elbows:  Welded construction with same metal thickness as longitudinal-seam flat-oval duct.
Round Elbows 8 inches and less in Diameter:  Fabricate die-formed elbows for 45- and 90-degree elbows.  Fabricate nonstandard bend-angle configurations or nonstandard diameter elbows with gored construction.
Round Elbows 9 through 14 inches in Diameter:  Fabricate gored elbows for 30, 45, 60, and 90 degrees.  Fabricate nonstandard bend-angle configurations or nonstandard diameter elbows with gored construction.  Fabricate 90 degrees elbows with minimum of 5 pieces. 
Round Elbows Larger than 14 inches in Diameter and Flat-Oval Elbows:  Fabricate gored elbows.
Die-Formed Elbows for Sizes through 8 inches in Diameter and Pressures 0.040 inch thick with 2-piece welded construction.
Round Gored-Elbow Metal Thickness:  Same as non-elbow fittings specified above.
Flat-Oval Elbow Metal Thickness:  Same as longitudinal-seam flat-oval duct specified above. 
EXECUTION
DUCT APPLICATIONS
Static-Pressure Classes:  Unless approved by the University’s Representative, construct ducts in accordance with the following:
Supply Ducts (exterior installation):  plus 6 inches water gauge (w.g.).
Supply Ducts before (upstream) Air Terminal Units (VAV boxes or air valves): plus 4 inches w.g.
Supply Ducts after (downstream) Air Terminal Units (VAV boxes or air valves): plus 2 inches w.g.
Supply Ducts (in Mechanical Equipment Rooms):  plus 6 inches w.g.
Return ducts (negative pressure) after (downstream) Air Terminal Units (VAV boxes, air valves, or filters):  minus 4 inches w.g.
Return Ducts (negative pressure) before (upstream) Air Terminal Units (VAV boxes, air valves, or filters):  minus 2 inches w.g.
General exhaust (negative pressure) after (downstream) Air Terminal Units (VAV boxes, air valves, or filters):  minus 4 inches w.g.
General Exhaust Ducts (negative pressure) before (upstream) Air Terminal Units (VAV boxes, air valves, or filters):  minus 2 inches w.g.
Laboratory or vivarium Exhaust Ducts (negative pressure):  minus 4 inches w.g.
Laboratory or vivarium Exhaust Ducts exterior on roof (negative pressure): minus 10 inches w.g.
Vertical risers shall be constructed to a minimum of plus or minus 4 inches w.g., regardless of service.
Ducts shall be galvanized steel except as follows:
Range Hood Exhaust Ducts:  Comply with CBC and CMC.
Concealed:  Carbon-steel sheet.
Exposed:  Type 304L, stainless steel with finish to match kitchen equipment and range hood.
Weld and flange seams and joints.
Dishwasher ducts, pot sink hood, cart wash hood, Sterilizers and glass wash steam hood and exhaust Ducts:
Concealed:  Type 316L stainless steel
Exposed:  Type 304L, stainless steel 
Weld and flange seams and joints.
Laboratory or vivarium (Fume-Handling) Ducts, exhaust:  Type 316L, stainless-steel sheet, welded construction.  
Shower exhaust duct:  First 20 feet from register, Type 316L stainless steel.
Duct mounted humidifier:  Type 316L stainless steel, minimum of 8’-0” length, or 1.5 times the absorption distance, whichever is greater. 
Ductwork installed within 50 feet of cooling tower or similar evaporative device: Type 316L.
Ductwork exposed on roof and not furnished with insulation and metal jacket: Type 316L stainless steel.
Wet Process Exhaust:  Type 316L stainless steel.
Outside Air / Air Make-up Ducts:  Type 316L stainless steel.
Ducts should never be run underground.  In those rare occasions there is no alternate provide an accessible trench with galvanized duct or if trench is not accessible provide the following paragraph.  Coordinate to change insulation specification.
Underground duct shall be Type 316L stainless with welded joints and covered on exterior with flexible elastomeric insulation, minimum 1-inch thick.
Use round ducts to the maximum extent possible.  As duct size increases, flat oval shall be considered.  Rectangular ducts shall be limited to areas of space restriction with a maximum aspect ratio of 3:1.  If due to a structural clearance constraint, duct aspect ratio can be increased and/or duct cross section reduced if upstream transition has included angles of 60 degrees or less and downstream transition has included angles of 30 degrees or less.
Ducts exposed outside to elements shall be of round construction to shed rainwater.  If conditions do not allow round ducts, slope the flat top of ductwork so rainwater will not stand on top of duct. Ensure that rectangular or square exhaust ducting is stiff enough that it will not pull inward on the top and create ponding areas for water under maximum design conditions of pressure and air flow. 
Except for connection of terminal discharge duct to air outlets, 90 degree taps are prohibited. Takeoffs feeding terminals shall be conical branch; 45 wye conical branch; low loss tee; bell mouth, or branch with a loss coefficient equivalent to that for the conical branch.  The slopes of transitions shall be approximately one to five, and no abrupt changes or offsets of any kind in the duct system shall be permitted.
Delete the follow paragraphs and sub paragraphs if no fume hoods on the project.
Fume Hood Duct System
Hood collar connections shall be made with concentric transitions having minimum round duct dimensions as follows:
	NOMINAL BENCH
TYPE HOOD SIZE, FEET
	MINIMUM ROUND
DUCT SIZE, inchES

	4
	10

	5
	12

	6
	12

	8
	14


Branch to main fittings shall be wye, 30, or 45-degree converging type where the increase in main occurs at the fitting.  Ductwork shall take the straightest route to the roof, minimizing bends and horizontal runs.  Increased distances and bends create resistance to airflow and require larger exhaust motors.  
DUCT INSTALLATION
Construct and install ducts in accordance with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible," unless otherwise indicated.
Install round and flat-oval ducts in lengths not less than 12 feet unless interrupted by fittings.
Install ducts with fewest possible joints.
Install fabricated fittings for changes in directions, size, and shape and for connections.
Install couplings tight to duct wall surface with a minimum of projections into duct.  Secure couplings with sheet metal screws.  Install screws at intervals of 12 inches, with a minimum of 3 screws in each coupling.
Install ducts vertically and horizontally and parallel and perpendicular to building lines; avoid diagonal runs in ducts that would be over 12 feet in length.  
Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building.
Install ducts with 2 inches clearance of on each side, plus allowance for insulation thickness.
Conceal ducts from view in finished spaces.  Do not encase horizontal runs in solid partitions unless specifically indicated.
Coordinate layout with suspended ceiling, fire- and smoke-control dampers, lighting layouts, and similar finished work.
Seal joints and seams.  Apply sealant to male end connectors before insertion, and afterward to cover entire joint and sheet metal screws.
Stainless steel ducts shall be welded joints and fittings except for connections to air valves and fume hoods, which shall be flanged or draw-band connections.
Electrical Equipment Spaces:  Route ducts to avoid passing through transformer vaults and electrical equipment spaces and enclosures and telephone equipment rooms.
Non-Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and exterior walls and are exposed to view, conceal spaces between construction openings and ducts, or duct insulation with sheet metal flanges of same metal thickness as ducts.  Overlap openings on 4 sides by at least 1½ inches.
Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and exterior walls, install appropriately rated fire dampers or combination fire/smoke dampers, sleeves, and firestopping sealant.  Fire and smoke dampers are specified in Division 23 Section "Air Duct Accessories."  Firestopping materials and installation methods are specified in Division 07 Section "Penetration Firestopping."
Install ducts with hangers and braces designed to withstand, without damage to equipment, seismic force required by California building codes.
Protect duct interiors from the elements and foreign materials until building is enclosed.  Follow SMACNA's "Duct Cleanliness for New Construction."
Prohibited: Painting interiors of metal ducts.
Protect duct openings from damage and prevent entrance of foreign materials.
Sealants shall not take the place of welding of metal ducts, where required.
Exposed edges shall be completely deburred and smooth or folded over (hemmed)
Eliminate sharp corners through rounding, folding over, trimming, or other acceptable means. 
Sheet metal ducting shall not “oil can” or visibly deflect in service. Pay particular attention to exhaust ducts or other ducts with negative pressure. Add external reinforcement as needed to eliminate these issues, if observed. 
RANGE HOOD EXHAUST DUCTS, SPECIAL INSTALLATION REQUIREMENTS
Install ducts to allow for thermal expansion through 2000°F temperature range.
Install ducts without dips or traps that may collect residues unless traps have continuous or automatic residue removal.
Install access openings at each change in direction and at intervals defined by NFPA 96; locate on sides of duct a minimum of 1½ inches from bottom; and fit with grease-tight covers of same material as duct.
Do not penetrate fire-rated assemblies except as permitted by applicable building codes.
SEAM AND JOINT SEALING
Seal duct seams and transverse and longitudinal joints regardless of pressure classification.
Seal ducts before external insulation is applied.
Provide airtight seal on seams around fan and coil housings with clear caulking compound.
Do not use permanent sealants on duct mounted equipment. Sealant at equipment, or other in-duct maintenance component, shall be sealed with a code approved sealant that may be easily removed and replaced upon repair and replacement of the device connected to the ductwork. 
HANGING AND SUPPORTING
Attachment method, hanger device selection, loads, and spacing shall be coordinated and approved with the structural engineer.  
Support horizontal ducts within 24 inches of each elbow and within 48 inches of each branch intersection.
Support vertical ducts at maximum intervals of 16 feet and at each floor.
Install upper attachments to structures with an allowable load not exceeding one-fourth of failure (proof-test) load.  Wire and friction clamps are prohibited.
Retain paragraphs below for installations in concrete structures.
Install concrete inserts before placing concrete.
Install drilled in concrete anchors after concrete is placed and completely cured.
Powder-Actuated Fasteners:  are prohibited except when executed in accordance with Division 01.
Wet, or High Moisture Areas:  Provide stainless steel supports, brackets, and mounting hardware for spaces that have wet process, wash-down, or high humidity.  
Outdoor Applications: Support assemblies shall be of stainless steel material, or hot-dip galvanized carbon steel”:
Fasteners: Mounting hardware such as bolts, nuts, washers, straps, brackets, fastening hardware etc., shall be stainless steel.
Supports: Carbon steel support assemblies, including metal fabrications for use outdoors shall comply with each paragraph listed below:
Assemblies must be shop-fabricated and pre-assembled for one-piece hot-dip galvanized coating process.
Touch-up and repair per manufacturer’s recommendations after field installation.
Support ducts and equipment high enough above roofing surfaces to allow roofing access for maintenance and repair. Install ducts and equipment at a minimum height as shown in Table 4-1 of SMACNA Architectural Sheet Metal Manual – 5th Edition.
Roof-mounted duct and equipment supports:  Unless otherwise shown, use round column supports to tie-in to structure with lead jacks, lead flashing, and lead umbrellas with stainless steel draw band per Figure 4-17A, or Figure 4-17B, of SMACNA architectural Sheet Metal Manual – 6th Edition. Coordinate flashing, waterproofing, and structural connection methods with other disciplines.
CONNECTIONS
Make connections to equipment with flexible connectors in accordance with Division 23 Section "Air Duct Accessories" unless equipment is internally isolated.
Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for branch, outlet and inlet, and terminal unit connections.
Make connections to grilles, registers, or diffusers the same size as the flange outer perimeter or neck size of the grille, register, or diffuser.
FIELD QUALITY CONTROL
Perform the following field tests and inspections in accordance with SMACNA's "HVAC Air Duct Leakage Test Manual" and prepare test reports:
Disassemble, reassemble, and seal segments of systems to accommodate leakage testing and for compliance with test requirements.
Conduct tests at static pressures equal to maximum design pressure of system or section being tested.  If pressure classes are not indicated, test entire system at maximum system design pressure.  Do not pressurize systems above maximum design operating pressure.  Give seven days' advance notice for testing.
Maximum Allowable Leakage:  Comply with requirements for Leakage Class 3 for round and flat-oval ducts, Leakage Class 12 for rectangular ducts in pressure classes lower than and equal to 2 inches w.g. (both positive and negative pressures), and Leakage Class 6 for pressure classes from 2- to 10 inches w.g. 
Remake leaking joints and retest until leakage is equal to or less than maximum allowable.
Supply, return and exhaust ducts shall be sealed to minimize leakage.  Ducts in concealed spaces such as chases or shafts and above wallboard ceilings shall be pressure-tested prior to concealment.  Seams and joints of ducts shall be sealed with mastic or mastic plus tape or gasketing as appropriate to limit the air leakage.
Laboratory [and kitchen grease ]exhaust shall not have any leakage for welded segments.  Pressure test at 100% of duct pressure rating, checking every joint by spraying soap test to verify seal.  
Materials such as duct, stiffeners, gaskets, bolting, etc., intended as part of the final installation, which are damaged during testing shall be replaced.
Ductwork may be tested in sections.  The section of the ductwork to be tested shall be prepared by blanking off duct outlets, etc.
Testing of each duct section is to be performed with access doors, coils, filters, dampers, and other duct-mounted devices in place as designed. No devices are to be removed or blanked off so as to reduce or prevent additional leakage.
Dampers in the tested ductwork shall be left in the open position.  
Testing shall be satisfactorily completed before insulation or enclosure of the ductwork.
Supply air ductwork downstream of terminal units or air valves need not be leak tested.
CLEANING NEW SYSTEMS
If the new ductwork system and existing ductwork affected by this project is maintained in a clean state during the installation the following is not required.  If in the opinion of the University’s Representative the ductwork system becomes dirty during installation the following shall be complied with:
Mark position of dampers and air-directional mechanical devices before cleaning, and perform cleaning before air balancing.
Use service openings, as required, for physical and mechanical entry and for inspection.
Create other openings to comply with duct standards.
Disconnect flexible ducts as needed for cleaning and inspection.
Remove and reinstall ceiling sections to gain access during the cleaning process.
Vent vacuuming system to the outside.  Include filtration to contain debris removed from HVAC systems, and locate exhaust down wind and away from air intakes and other points of entry into building.
Clean the following metal duct systems by removing surface contaminants and deposits:
Air outlets and inlets (registers, grilles, and diffusers).
Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive assemblies.
Air-handling unit internal surfaces and components including mixing box, coil section, air wash systems, spray eliminators, condensate drain pans, humidifiers and dehumidifiers, filters and filter sections, and condensate collectors and drains.
Coils and related components.
Return-air ducts, dampers, and actuators except in ceiling plenums and mechanical equipment rooms.
Supply-air ducts, dampers, actuators, and turning vanes.
Mechanical Cleaning Methodology:
Clean metal duct systems using mechanical cleaning methods that extract contaminants from within duct systems and remove contaminants from building.
Use vacuum-collection devices that are operated continuously during cleaning.  Connect vacuum device to downstream end of duct sections so areas being cleaned are under negative pressure.
Use mechanical agitation to dislodge debris adhered to interior duct surfaces without damaging integrity of metal ducts, duct liner, or duct accessories.
Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner to get wet.
Clean coils and coil drain pans in accordance with NADCA 1992.  Keep drain pan operational.  Rinse coils with clean water to remove latent residues and cleaning materials; comb and straighten fins.
Cleanliness Verification:
Visually inspect metal ducts for contaminants.
Where contaminants are discovered, reclean and reinspect ducts.
Normally the following article is deleted from the spec section.  Only leave if University requires duct cleaning. 
CLEANING EXISTING SYSTEMS
Use service openings, as required, for physical and mechanical entry and for inspection.
Use existing service openings where possible.
Create new openings and install access panels appropriate for duct static-pressure class if required for cleaning access.  Provide insulated panels for insulated or lined duct.  Patch insulation and liner as recommended by duct liner manufacturer.  Comply with Division 23 Section "Air Duct Accessories" for access panels and doors.
Disconnect flexible ducts as needed for cleaning and inspection.
Remove and reinstall ceiling sections to gain access during the cleaning process.
Mark position of dampers and air-directional mechanical devices before cleaning, and restore to their marked position on completion.
Particulate Collection and Odor Control
When venting vacuuming system inside the building, use HEPA filtration with 99.97 percent collection efficiency for 0.3-micron size (or larger) particles.
When venting vacuuming system to the outside, use filtration to contain debris removed from HVAC system, and locate exhaust downwind away from air intakes and other points of entry into building.
Clean the following components by removing surface contaminants and deposits:
Air outlets and inlets (registers, grilles, and diffusers).
Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive assemblies.
Air-handling unit internal surfaces and components including mixing box, coil section, air wash systems, spray eliminators, condensate drain pans, humidifiers and dehumidifiers, filters and filter sections, and condensate collectors and drains.
Coils and related components.
Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and mechanical equipment rooms.
Supply-air ducts, dampers, actuators, and turning vanes.
Dedicated exhaust and ventilation components and makeup air systems.
Mechanical Cleaning Method
Clean metal duct systems using mechanical cleaning methods that extract contaminants from within duct systems and remove contaminants from building.
Use vacuum collection devices that are operated continuously during cleaning.  Connect vacuum device to downstream end of duct sections so areas being cleaned are under negative pressure.
Use mechanical agitation to dislodge debris adhered to interior duct surfaces without damaging integrity of metal ducts, duct liner, or duct accessories.
Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner to get wet.  Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated or that has friable material, mold, or fungus growth.
Clean coils and coil drain pans in accordance with NADCA 1992.  Keep drain pan operational.  Rinse coils with clean water to remove latent residues and cleaning materials; comb and straighten fins.
Provide operative drainage system for wash-down procedures.
Antimicrobial Agents and Coatings:  Apply EPA-registered antimicrobial agents if fungus is present.  Apply antimicrobial agents in accordance with manufacturer's written instructions after removal of surface deposits and debris.
Duct System Cleanliness Tests:
Verify cleanliness after mechanical cleaning and before application of treatment, including biocidal agents and protective coatings.
Visually inspect duct system to ensure that no visible contaminants are present.
Where contaminants are discovered, reclean and reinspect ducts.
Test sections of metal duct system, chosen randomly by University’s Representative, for cleanliness in accordance with "Vacuum Test" in NADCA ACR, "Assessment, Cleaning, and Restoration of HVAC Systems."  Comply with ASHRAE 62.1-2004, in which Section 7.2.4 - "Ventilation System Start-Up" requires that distribution systems be clean of dirt and debris.
Acceptable Cleanliness Level:  Net weight of debris collected on the filter media shall not exceed 0.75 mg/100 cm²
Duct system will be considered defective if it does not pass tests and inspections.
Prepare test and inspection reports.
Gravimetric Analysis:  At discretion and expense of the University, sections of metal duct system, chosen randomly by the University, may be tested for cleanliness in accordance with NADCA vacuum test gravimetric analysis.
If analysis determines that levels of debris are equal to or lower than suitable levels, system shall have passed cleanliness verification.
If analysis determines that levels of debris exceed suitable levels, system cleanliness verification will have failed and metal duct system shall be re-cleaned and re-verified.
END OF SECTION
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