SECTION 23 31 10
DUCTWORK

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Ductwork

B. Duct joints

C. Flexible ductwork

D. Laboratory exhaust ductwork

E. 
F. Duct cleaning.

G. Duct leakage testing set up and repair.

1.2 RELATED SECTIONS

A. Section 23 05 00:  Common Work Results for HVAC
B. Section 23 05 10:  Supports, Anchors and Seals

C. Section 23 05 53:  Painting and Identification

D. Section 23 05 48:  Vibration Isolation and Seismic Restraints

E. Section 23 07 10:  Mechanical Insulation

F. Section 23 33 00:  Ductwork Accessories

G. Section 23 05 93:  Testing, Adjusting and Balancing

1.3 REFERENCE STANDARDS

A. ASHRAE (American Society of Heating, Refrigerating and Air Conditioning Engineers).

B. ICBO (International Conference of Building Officials).

C. NFPA 90A, Installation of Air Conditioning and Ventilating Systems.

D. NFPA 90B, Installation of Warm Air Heating and Air Conditioning Systems.

E. NFPA 92A, Smoke Control Systems.

F. NFPA 96, Installation of Equipment for the Removal of Smoke and Grease-Laden Vapors from Commercial Cooking Equipment.

G. SMACNA (Sheet Metal and Air Conditioning Contractors National Association).

H. UL 181, Factory Made Air Ducts and Connectors.

I. Applicable State and Local Codes.

1.4 DEFINITIONS

A. Ductwork Dimensions: Duct dimensions shown on drawings indicate net free area. If ducts are lined, increase overall dimensions of the actual duct to accommodate the duct lining specified in Section 23 07 10, Mechanical Insulation.

1.5 CONSTRUCTION REQUIREMENTS

A. Construct rectangular, round and flat oval ductwork, plenums and casings to accommodate pressure requirements of the air systems with metal gages, reinforcement and joints provided in accordance with standard industry practice, the latest SMACNA Standards, State and Local Codes, and the requirements of these Specifications.

B. Subject to approval by governing authorities, transverse duct joints made with Ductmate 35 and 25 System joints, equivalent to SMACNA "J" and "F" connections, will be acceptable.

C. Galvanized ductwork shall be constructed of lock-forming quality G-90 galvanized steel. All sheet steel shall be new.

D. Steel Ducts: ASTM A525 or ASTM A527 galvanized steel sheet, lock-forming quality, having zinc coating of 1.25 ounces per square foot for each side in conformance with ASTM A90.

E. Aluminum Ducts: ANSI/ASTM B209; aluminum sheet, alloy 3003-H14. Aluminum Connectors and Bar Stock: Alloy 6061-T6 or of equivalent strength.

F. Stainless Steel Ducts: ASTM A167, Type 316.

1.6 SUBMITTALS

A. In addition to shop drawings for construction methods, material and equipment, submit large scale (1/4" = 1'-0" minimum) ductwork layout drawings for review. Layout drawings shall include all supply, return, transfer and exhaust ductwork in sufficient detail for review of location and elevations of the ductwork. Drafting of the layout drawings shall be performed by the Contractor or under his direct supervision. The Engineer's drawings shall not be electronically or mechanically copied, including photocopying, for use as layout drawings unless permission is granted by the Engineer in writing.

B. Submit results of duct leakage test.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Flexible Ductwork: Thermaflex M-KE, Flex-Aire MFS, Flexmaster 3M, Norflex NT-25M or approved equal.

B. Special Duct Joints: Ductmate, TDC, Ward.

C. Laboratory Exhaust Ductwork: 

1. Polyvinyl Coated Steel: PVS Manufacturing Division, Midwest Spiro, Norlock, PCD, Wheeling.

2. Fiberglass: ATS.

D. Purchased, Double Wall, Round and Flat Oval Ducts: United McGill, Semco or approved equal.

E. Purchased, Single Wall, Round and Flat Oval Ducts: United McGill, Semco, Midwest Spiro or approved equal.

F. Underground Ductwork:

1. Polyvinyl Coated Steel: PVS Manufacturing Division, Midwest Spiro, Norlock, PCD, Wheeling.

2. Fiberglass-Reinforced Plastic: Peabody-Spunstrand, Perry, Wheeling. 

3. PVC.

2.2 SHEET METAL GAGES (ALL SIDES)

A. The following duct gages shall be minimums, regardless of the reinforcing schedule used, or if the ducts are cross broken or beaded.

B. Rectangular, up to and including 2 inches water column:

Dimension of
Steel
Aluminum
Copper

Longest Side
Gage, USS
Thickness (Gage)
oz/sqft

0" - 12"
26
0.020" (24)
16

13" - 30"
24
0.025" (22)
24

31" - 54"
22
0.032" (20)
32

55" - 84"
20
0.040" (18)
36

Over 84"
18
0.050" (16)
48

C. Rectangular, greater than 2 inches: duct wall thicknesses two gages heavier than shown in table for up to and including 2 inches water column, except that 18 gage is allowable over 84 inches.

D. Round and flat oval, up to and including 2 inches water column:

Inches 
Galvanized sheet gage, USS
Aluminum

Duct Diameter
Round

Flat-Oval
Thickness (Gage)

0" - 9"
26
24
0.020" (24)

10" - 14"
26
24
0.020" (24)

15" - 23"
24
22
0.025" (22)

24" - 37"
22
20
0.032" (20)

38" - 51"
20
18
0.040" (18)

52" - 61"
18
16
0.050" (16)

62” – 84”
16
14
14

E. Round and flat oval, greater than 2 inches water column and up to 10 inches water column:


Galvanized sheet gage, USS

Inches
Spiral Lock
Longitudinal
Welded


Duct Diameter
Seam Duct
Seam Duct
Fittings

0" - 9"
26
24
22

10" - 14"
24
22
20

15" - 23"
24
22
20

24" - 37"
22
20
20

38" - 51"
20
20
18

52" - 61"
--
18
18

61” – 84”
--
16
16

F. The above listed gages are minimums to be used on this project. Refer to applicable codes and standards for additional requirements.

G. For ductwork crossing through a rated corridor without opening to corridor, the ductwork must be a minimum of 24 gage.

H. Use galvanized steel schedule for polyvinyl coated steel or stainless steel.

I. Provide 18 gage discharge and suction ductwork on air handling units [ ______ ] to the first elbow, but a minimum of thirty (30) feet from the supply fan discharge and return fan inlet.

2.3 
A. 
B. 
C. 
D. 
2.4 UNDERGROUND DUCTWORK

A. Polyvinyl Coated Steel:

1. Galvanized steel duct with 4 mil thick PVS coating on outside and 1 mil epoxy backcoat on the inside.

2. Duct 14 inches diameter and larger shall be corrugated externally.

3. Fittings shall be same material as straight duct.

4. Duct material shall be Class 0 or Class 1 in accordance with UL 181 standards and have ICBO and BOCA approval.

B. Fiberglass Reinforced Plastic:

1. Continuous fiberglass strands, impregnated with polyester corrosion resistant resins and filament wound under exacting conditions for maximum strength and minimum weight.

2. Material shall carry approval of ICBO.

2.5 FLEXIBLE DUCTWORK

A. Equal to Thermaflex M-KE air duct complying with UL Standard 181 as a Class 1 flexible air duct and NFPA Standards 90A and 90B. Ducts shall be composed of a CPE liner duct permanently bonded to a coated steel wire helix and supporting a fiberglass insulating blanket. Outer layer of low permeability vapor barrier of fiberglass reinforced film laminate. R value of 4.2, positive pressure rating of 6 inches water column, negative pressure rating of 1 inch water column. Maximum flame spread rating of 25, maximum smoke developed rating of 50.

B. 
C. 
2.6 SPECIAL DUCT JOINTS

A. Air systems with the largest perimeter duct dimension greater than 18 inches which are required by these specifications to be constructed to SMACNA Seal Class "A" or "B" shall utilize transverse duct joints made with the Ductmate System or equal system of approved manufacturer, installed in accordance with manufacturer's recommendations. This shall include using Ductmate angles, with integral polymer seal, tape gasket between mating flanges, secured by bolts and cleats applied around perimeter of the joints. The result shall be a zero leakage joint, as claimed by the manufacturer. If Contractor can provide equivalent results with alternate joining methods, he shall submit the proposed methods to the Engineer for his review and consideration. If no such proposal is submitted, joints shall be made as described above.

PART 3 - EXECUTION

3.1 GENERAL INSTALLATION REQUIREMENTS

A. Fabricate and support ductwork in accordance with specifications herein, and latest edition of CMC. Provide seismic restraint in accordance with a current OSHPD pre-approved system that carries a current OSHPD OPA Number.  For seismic restraint, see Section 23 05 48.

B. 
C. Provide openings in ductwork where required to accommodate thermometers and controllers. Provide pitot tube openings where required for testing of systems, complete with metal can with spring device or screw to ensure against air leakage. Where openings are provided in insulated ductwork, install insulation material inside a metal ring.

D. Construct all sides, including bottom and top of all ducts and plenums, of sheet metal. No portion of the building construction, such as walls or slabs, shall be used as part of any duct or plenum unless called for on drawings or otherwise specified.

E. Where width of duct exceeds 18 inches and is 22 gage or lighter, cross break or provide beads for rigidity, regardless of whether or not ductwork is lined or externally insulated. Open corners are not acceptable.

F. Lap metal ducts in direction of air flow. Hammer down edges of slips and drives with duct mastic in the corners to leave a smooth duct interior and a tight fitting corner.

G. All elbows shall be made with an inside radius of the same dimension as the width of the duct where space permits unless otherwise shown on the drawings. If the available space is not large enough for this type of elbow, the inside radius may be reduced to 1/2 the width of the duct. No elbows will be permitted which are constructed with an inside radius less than 1/2 the width of the duct unless turning vanes are used. If a take-off to a diffuser, register or flexible duct is 5 (five) feet or less from an elbow, the elbow must be a square elbow with turning vanes.

H. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible. Maximum divergence upstream of equipment shall be 30 degrees and maximum convergence downstream shall be 45 degrees.

I. Rigidly construct ducts with joints mechanically tight, substantially airtight, braced and stiffened so as not to breathe, rattle, vibrate, or sag. Caulk duct joints and connections with sealant as ducts are being assembled.

J. Where ductwork penetrates walls or floors of mechanical rooms, "hand stuff" space between opening and duct with glasswool, then fill edges with minimum 1/2 inch depth of sealing compound as described in Section 23 05 10, Supports, Anchors and Seals. Perform same sealing operation where ducts pass through partitions and floors and elsewhere where sound transmission could be a problem.

K. Install ductwork as high as possible to maintain proper headroom. Whenever possible, ducts shall be run close to beams or floor slabs above. Where ducts cross each other, they must be arranged in such a manner so as to maintain greatest possible clearance underneath. Do not cover any electrical outlets. Consult with other trades to avoid interference with piping runs or other obstructions. Inform Engineer before proceeding with any concealed ductwork that will require a ceiling to be lowered or shaft to be increased in size. Should it be found impractical to install any duct of exact sizes given, a duct of different shape but having same resistance shall be installed.

L. Make all tee connections with a radius tap-in unless noted otherwise. Increase the duct connection for a rectangular branch duct to a rectangular main duct in general by 1/4 the width of the duct. This increase shall be a minimum of 4 inches. Taper the main duct connection at a 45 degree angle away from the main duct in the direction of air flow.

M. Round branch connections to rectangular mains shall be made with conical, bellmouth or flared spin-in fittings. Straight connection fittings are not acceptable.

N. Where it is necessary for a pipe or other obstruction to pass through a duct, install a streamlined sheet metal sleeve around the obstruction, soldered to the duct to make it air tight. Increase the cross section of the duct at such locations so that air velocity at the obstruction will not be increased. Inform the Engineer before proceeding with any such sleeves.

O. Where coils are not made to slip within ducts, support them individually. Make connections to and around coils air tight.

P. Coordinate location of duct access panels and equipment access doors so that wall or ceiling access doors correspond with duct panel and service locations for valves, dampers and other units.

Q. Provide ductwork transitions to duct-mounted equipment including filter housings, coils, sound attenuators, etc. Provide flanges.

R. Provide a cleanout at the bottom of each duct riser.

S. Under no conditions are duct hangers to be secured to metal roof decking. 

T. Use double nuts and lock washers on threaded rod supports.

U. Refer to Section 23 05 10, Supports, Anchors and Seals, for duct support information.

V. The plenum serving the floor supply and return grilles shall be constructed as indicated on the drawings. The interior of all return and supply plenum serving the floor grilles shall be coated with bitumastic coating.

3.2 DUCT SYSTEM PRESSURE CLASSES

A. Where duct construction pressure class is not designated on the drawings, the following requirements shall apply (except for sealing, which is addressed in another article):

1. Unless noted otherwise, the pressure class of the ductwork for construction purposes shall be at minimum the external pressure rating of the air moving device for the entire length of the ductwork system.

2. For Variable Air Volume systems, the pressure class of the ductwork from the air moving device to the Variable Air Volume box shall be at minimum 2 inches water column and where the external pressure rating of the air moving device exceeds that value the ductwork pressure class shall be at minimum the external pressure of the air moving device. All ductwork downstream of the Variable Air Volume boxes can be considered as 1 inch water column pressure class minimum.

3.3 SEALING DUCTS

A. Seal all ductwork connected to air moving devices as described below. 

1. SMACNA Seal Class "A":

a. Entire ductwork systems where the fan is rated at 2 inches water column or greater external static pressure unless noted otherwise.

b. All Variable Air Volume (VAV) systems from the fan discharge to the inlet of the VAV box, regardless of the pressure rating of the fan. Ductwork downstream of the VAV box shall be sealed in accordance with SMACNA Seal Class "C" or better.

c. Duct systems with booster coils, from the fan discharge to the inlet of the booster coil, regardless of pressure rating of the fan. Ductwork downstream of the booster coil shall be sealed in accordance with SMACNA Seal Class "C" or better.

d. Portions of ductwork enclosed in shafts or above inaccessible ceilings where the fan is rated at 1 inch water column or greater external static pressure.

2. SMACNA Seal Class "B":

a. Entire ductwork systems where the fan is rated at from 1 inch water column up to 2 inches water column static pressure unless noted otherwise.

b. Portions of ductwork enclosed in shafts or above inaccessible ceilings where the fan is rated less than 1 inch water column external static pressure.

3. SMACNA Seal Class "C":

a. Entire ductwork systems where the fan is rated at less than 1 inch water column external static pressure unless noted otherwise.

4. No sealing required for the following ductwork:

a. Gravity transfer ducts.

b. Ductwork used to exhaust air from conference rooms into ceiling plenums.

c. Ductwork used to introduce or exhaust air from telephone or electrical closets.

B. Above requirements apply to positive and negative duct pressures.

C. Refer to Article in Part 2 entitled "Special Duct Joints" for additional requirements.

3.4 Duct Leakage Testing

A. Set up duct systems for duct leakage testing. The actual test is specified under Section 23 05 90. Set up shall include:

1. Sealing duct openings upstream of air volume terminals/reheat coils, outdoor air openings and relief air openings. Seal ductwork openings.

2. Provide openings for test contractor to connect flexible tubing.

B. Take corrective action for system if system fails test. Pay for multiple re-tests until system passes the test.

3.5 UNDERGROUND DUCTWORK

A. General Installation Procedure:

1. All pipe, elbows, wyes, tees and other standard fittings shall be joined in strict accordance with the manufacturer's recommendations.

2. Where insulation is required, use external type approved for underground use.

3. Provide minimum of 4 inch depth of pea gravel or dry sand beneath ductwork.

4. Rectangular underground boots and branch ducts to registers shall be 20 gage galvanized iron, completely coated with asphalt or bituminous coating. Sheetmetal screws shall be stainless steel.

5. Cap supply openings before slab is poured and during slab pouring. Contractor shall be present during the pour(s) to see that his ductwork is not damaged, and if damaged, to immediately replace it.

6. Underground ductwork shall be encased in a minimum of 2 inches of concrete. Concrete shall encase all sheetmetal portions of the underground duct system.

7. A vapor barrier equal to 4 mill polyethylene shall be installed around the underground duct.

8. Pitch underground ductwork to plenums or low pump out points, 1 inch in 40 feet. Provide access openings for inspection and cleaning at each low point.

9. Backfill with pea gravel or dry sand.

B. PVS Coated Duct:

1. Join sections with internal PVS sleeve, secured with stainless steel sheetmetal screws on 6 inch centers. Apply PVS sealant on outside of sleeve and inside duct ends before inserting sleeves.

2. Seal exterior of all joints with PVS No. 8 sealant and tape with PVS tape or Hardcast to ensure air-tight and water-tight joints.

3. If PVS coating is scratched so as to expose bare metal, apply a PVS spray to the injured surfaces.

C. 
1. 
2. 
3.6 FLEXIBLE DUCTS

A. Where ceilings are not accessible, such as plaster ceilings or soffit areas, connections to air supply devices shall be made with rigid ducts. Flexible duct connections are not acceptable at these locations.

B. Connect diffusers or light troffer boots to low pressure ducts with flexible duct, maximum of 3'-0" long.

C. Properly cut flexible ductwork to length to avoid unnecessary bends in the duct. Do not use flexible ducts to change direction.

D. Support flexible ductwork properly to avoid sags in the duct. Hangers shall be minimum of 2 inches wide to support at least two turns of the wire frame of the duct.

E. Make connections with worm gear clamp or nylon or fiberglass banding and provide additional sealing as necessary to ensure that each joint is air tight.

3.7 LABORATORY EXHAUST DUCTWORK

A. Applies to the following systems: Flammable storage/lab hoods/IV prep EF-2, 4 & 6.
B. Entire length of exhaust ductwork shall be constructed of stainless steel materials.

C. 
D. 
E. 
F. As a minimum, stainless steel ductwork shall be welded where located in shafts, over inaccessible ceilings, and from the discharge of the exhaust fan to where the duct connects to the double wall pressure stack specified under Section, Breeching, Chimneys and Stacks. Provide a gasketed, flanged connection to the exhaust fan.
G. Exhaust ducts from flammable storage room and cabinets, acid storage cabinets, and base storage cabinets shall be 316L stainless steel from the cabinet to where the duct connects to a manifolded exhaust main or the exhaust fan. Where rooms or cabinets are exhausted individually, the entire length of exhaust ductwork shall be stainless steel. Connections from storage cabinets located under fume hoods are to be made at the top of the fume hood. Ductwork from the cabinet to the top of the fume hood will be by the laboratory equipment supplier.

H. Exhaust ductwork can be of galvanized construction except as noted otherwise. Ductwork located in shafts or above inaccessible ceilings shall be constructed of welded stainless steel. Ductwork from exhausted piece of equipment (such as fume hood) to the manifolded exhaust main shall be of stainless steel construction. Ductwork located on the discharge side of exhaust fans shall be welded stainless steel for the entire length to where the duct connects to the double wall pressure stack specified under Section 23 51 13, Breeching, Chimneys and Stacks. Provide a gasketed, flanged connection to the exhaust fan.

3.8 
A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
3.9 
A. 
B. 
C. 
3.10 DUCTS ENTERING OR LEAVING BUILDING

A. Outside air, exhaust air, or relief air ducts entering or leaving the building and passing over finished ceilings or future finished spaces shall be soldered absolutely watertight for a horizontal distance of fifteen (15) feet from the wall or roof opening. Sealant equal to H. B. Fuller Resiweld No. 600 may be used in lieu of soldering.

3.11 CLEANING OF NEW DUCT SYSTEMS

A. Clean duct system and force air at high velocity through duct to remove accumulated dust. To obtain sufficient air, clean half the system at a time. Protect equipment, which may be harmed by excessive dirt with temporary filters, or bypass during cleaning.

B. Clean duct systems with high power vacuum machines. Protect equipment, which may be harmed by excessive dirt with filters, or bypass during cleaning. Provide adequate access into ductwork for cleaning purposes.

3.12 
A. 
1. 
2. 
3. 
B. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
C. 
1. 
2. 
3. 
4. 
D. 
1. 
2. 
3. 
4. 
5. 
E. 
1. 
2. 
3. 
F. 
G. 
H. 

1. 
2. 
3. 
4. 
5. 
6. 
I. 
1. 
2. 
3. 
3.13 
A. 
B. 
C. 
D. 
E. 
3.14 ISOLATION ROOM EXHAUST DUCTWORK

A. Identify Isolation Room exhaust ductwork in accordance with OSHPD requirements at intervals of not more than 20 feet and at each change in direction, and at each floor.
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