2.2
DUCT SYSTEMS AND ACCESSORIES
2.2.1
Scope

This section covers fabrication and installation of duct systems and accessories.  All labor, supervision, equipment, material, service, and permits required for a full and complete installation of all ductwork shall be provided.  Duct systems shall be as indicated on the drawings and as specified herein.

2.2.2
General
2.2.2.1
Construction Standards


All ductwork shall be constructed as specified in this section (section 2.2), as described on the mechanical drawings, and as covered by the construction codes listed in section 2.1.  Where codes differ from the guidelines herein or the mechanical drawings, the basis of construction shall be the herein guidelines or the mechanical drawings.

2.2.2.2
Fabrication Practices


Ductwork fabrication shall be in conformance with best trade practices and shall include all necessary construction practices to provide systems free from vibration, noise, deflection, or other distortion of metal ductwork.  All edges shall be deburred.  Contractor shall brake all sharp edges and corners.

2.2.2.3
Galvanized Ductwork


Unless otherwise noted, all ductwork shall be galvanized sheet steel with a standard coating weight of 1.25 ounces of zinc per square foot (G90 coating) and not less than 0.90 ounces per square foot triple spot test and 0.80 ounces per square foot single spot test, complying with ASTM Specification A-525 or A-90.  Galvanized surfaces of ductwork or duct support steel which are damaged during either handling or installation including surfaces damaged by welding shall be touched-up with a zinc rich, cold galvanized compound, brushed on or sprayed on.

2.2.2.4
Drawing Dimensions


Duct sizes given on the drawings are actual sheet metal dimensions and allow for the thickness of the duct lining.

2.2.2.5
Interferences


Exact location of construction shall be coordinated between concerned trades to preclude interferences between piping, lighting fixtures, ducting, equipment, and other construction.  The routing of ductwork shall normally take precedence over electrical, plumbing, piping, and sprinkler work.  Where conflicts arise concerning interferences, they shall be resolved by the Lockheed Martin Construction Engineer.

2.2.2.6
Penetrations

Changes in building openings to accommodate ducting and accessories may be made, provided that shop drawings of the deviation are approved by the Lockheed Martin Construction Engineer and that changes are made at no additional cost to Lockheed Martin.

2.2.2.7
Unnecessary Cutting

To avoid unnecessary cutting of masonry or concrete sections, all inserts, anchors, chases, openings, drainage provisions, and other equipment set in masonry or concrete shall be provided during construction in cooperation with all trades involved.

2.2.2.8
Structural Alterations

No cutting, burning, or welding of structural parts of the building shall be undertaken without the written authority of the Lockheed Martin Construction Engineer.

2.2.2.9
Sealants
2.2.2.9.1
With the exception of continuously welded joints and the machine made spiral lock seam, all high pressure joints and seams must be made airtight with some form of sealant.  Sealant shall be one of the following:


a.
A liquid type industrial duct sealer with high bonding strength as manufactured by United McGill Corp.


b.
A heavy mastic type sealant with excellent adhesion and elasticity


c.
Gaskets as described in section 2.2.10.7.

2.2.2.9.2
Oil base caulking and glazing compounds are not acceptable, nor is plastic tape when used as the primary sealer.  All sealing shall be according to SMACNA HVAC  DCS, and in the Construction Guidelines in the First Edition of SMACNA HVAC Air Duct Leakage Test Manual.  Seal classes shall be limited to Classes A & B for all duct pressure classes.

2.2.2.10
Leakage Testing

All ductwork shall be given an air leakage test prior to insulating (if ductwork is to be Engineer.  The test shall consist of surveying the entire duct system (all joints, seams, and penetrations) for audible leaks and leaks that can be felt by hand.  In addition, all access doors in the fume exhaust system shall be removed, and the interior of the duct shall be inspected for light penetration.  Each leak shall be marked and repaired after stopping the system blower.  Small leaks shall be sealed with sealant as described in section 2.2.2.9 above.  Large leaks shall be repaired by welding or brazing.  Retest system after sealants have set.

2.2.2.11
Duct Cleaning and Painting


Sheet metal surfaces to be painted and surfaces to which adhesive will be applied shall be clean and free of all oil, grease, and deleterious substances.  All duct so indicated by the drawings shall be primed and painted.  Priming shall be with Glidden #5229 primer.  The paint shall be a (white/lt. gray) Glidden oil base paint such as Glidden #4550, (Speed Enamel-White).  Paint duct after installation only.

2.2.2.12
Material for Duct Support Systems


Mill-rolled reinforcing and supporting steel shall conform to ASTM A-36 and, whenever in contact with sheet metal ducting, shall be galvanized to commercial weight of zinc or coated with materials conforming to ASTM A-123.  Equivalent strength, proprietary design, rolled steel structural support systems may be submitted for approval in lieu of mill-rolled structural steel.

2.2.2.13
Duct Support Systems


Unless specifically detailed on the drawings, duct hanger and support systems shall be at the Contractor's option (subject to approval by the Lockheed Martin Construction Engineer) with the following exceptions and limitations:



Limitation #1
Hanging and support systems shall be in accordance with construction and installation details as specified in SMACNA HVAC Duct Construction Standards - First Edition, Section IV.  



Limitation #2
Hanger size and spacing shall be as specified in Tables 4-1 & 4-3 for rectangular and flat-oval duct and Tables 4-2 & 4-3 for round duct with the following exceptions:


-
For round duct with diameters over 24 inches, use two hangers.


-
Hanger spacing shall not exceed eight feet for round, rectangular, or flat-oval ducts and shall be less where required to support duct mounted coils, dampers, or other accessories or where eight foot spacing would impose an excessive load on building structural members.


-
Ducts terminating at flexible connections to equipment shall be supported as close as possible (three feet maximum) from the termination point.


-
Ducts shall be sufficiently supported so as to place no load on connected equipment.

2.2.2.14
Structural (Hanger and Support) Steel Painting


All ungalvanized reinforcing and supporting steel shall be painted.  Paint with one coat primer such as Glidden #5229, then two coats Alkyd Semigloss Paint - Light Gray, per Federal Std. 595A #26440.

2.2.2.15
Outdoor Bracing


Ductwork and plenums located outside shall be adequately braced and supported as indicated on the drawings or as specified herein.  Top surfaces shall be configured to drain rainwater and to prevent ponding.

2.2.3
Rectangular Industrial Duct Construction
2.2.3.1
Construction Code


All rectangular sheet metal supply and return duct, rectangular outside air duct, and rectangular plenum and casing construction shall conform to SMACNA _________ static pressure classification and shall be in accordance with the construction guidelines in the Third Edition of SMACNA HVAC Duct Construction Standards - Metal and Flexible, except where noted below.  This standard is hereinafter referred to as "HVAC DSC."

2.2.3.2
Pressure Classification

The Contractor is responsible for following proper duct construction techniques as dictated by the SMACNA static pressure classification.  See HVAC DCS Tables 1-3 through 1-14.  The Contractor should refer to the mechanical sheets (plan views) for proper pressure classification instead of section 2.2.3.1 above when more than one pressure classification is required.  If no pressure classification has been indicated on a mechanical sheet or in section 2.2.3.1 above, the Contractor shall consult the Lockheed Martin Construction Engineer for the duct pressure classification.

2.2.3.3
Duct Gauges and Reinforcement


The Contractor shall select rectangular duct construction alternatives from HVAC DCS, Sections 1 & 2, with the following limitations.  Minimum allowable duct gauges shall be as listed below:


Max. Duct Dimension
US Ga. Galv. Steel
B+S Alum


Up to 20"
24 Ga.
20 Ga.


21" to 30"
22 Ga.
20 Ga.


31" to 42"
20 Ga.
18 Ga.


43" and up
18 Ga.
16 Ga.


Above 96"
16 Ga.
14 Ga.

2.2.3.4
Leakage and Sealing


All seams, joints, fastener penetrations, and connections shall be sealed.  The Contractor shall follow the specific recommendations for the application of sealants to various joints detailed in SMACNA HVAC DCS and in the construction guidelines in the First Edition of SMACNA HVAC Air Duct Leakage Test Manual.

2.2.4
Round Supply Duct Construction 
2.2.4.1
Construction Code


All round sheet metal supply ducts shall be constructed of Lock Type Spiral Seam duct (United Sheet Metal "UNI-SEAL") and shall be in accordance with the construction guidelines in the First Edition of SMACNA HVAC Duct Construction Standards, Metal and Flexible, (except where noted below) hereinafter referred to as "HVAC DCS".

2.2.4.2
Duct Gauges and Reinforcement


Round duct construction alternative shall be selected by the Contractor from HVAC DCS, Tables 3-1 through 3-3.  All seams, joints, fastener penetrations, and connections shall be sealed.  When using aluminum duct, find the appropriate steel gauge table and then correct for aluminum as indicated in the table below.


U.S. Steel Gauge
Alum. B+S Gauge

26
22


24
20


22
18


20
16


18
14


Where angles are specified galvanized, use the same size in aluminum.

2.2.5
Round Return and Exhaust Duct Construction
2.2.5.1
Construction Code


All round sheet metal return air duct, fume exhaust ducts, and round plenums shall be constructed of Lock Type Spiral Seam (United Sheet metal "Uni-Seal") duct and shall be in accordance with the construction guidelines in the First Edition of SMACNA HVAC Duct Construction Standards - Metal and Flexible, with the following exceptions.  Use gauges and reinforcements as detailed in Table 1 below for a maximum negative pressure of ten inches w.g.

Table 1--Metal Thickness and Reinforcement for Single Wall,

Round Spiral Duct under Negative Pressure


Duct Diameter (in.)
U.S.Ga.
B+S Alum. Galv.


3-7
26 ga.
22


8
26 ga.
22


9-12
24 ga.
20


13-15
24 ga.
20


16-18
22 ga.
18


19-22
22 ga.
18


24-26
20 ga.
16


28-34
18 ga.
14


36-42
18 ga. w/AR
14 w/AR



12 ft. c/c
12 ft. c/c


44-50
18 ga. w/AR
14 w/AR



16 ft. c/c
12 ft. c/c


Notes:
A/R = Angle ring



c/c = Center to center

2.2.5.2
Angle Rings


Angle rings shall be constructed of 1-1/2" X 1 -1/2" X 1/8" galvanized steel angle welded to the duct (two inch welds, four inch spacing).

2.2.5.3
Joints


All joints shall be welded or brazed; draw-bands, slip joints, or bolted flanges will not be accepted except where flanges are required for connecting isolation dampers fans or other equipment.  See section 2.2.10.7 for gaskets.  All welds are to be painted with galvanized paint, as per paint manufacturer's recommendations.

2.2.5.4
Damaged Duct


Any section of exhaust duct deformed or dented during either handling or installation shall be repaired or replaced at no additional cost to Lockheed Martin Corporation.

2.2.6
Flat Oval Duct Construction


All flat-oval sheet metal duct shall be constructed of Lock Type Spiral Seam duct (United Sheet metal) and shall be in accordance with the construction guidelines for as specified in the SMACNA HVAC Duct Construction Standards - Metal and Flexible with the following exceptions:



Use gauges and reinforcements as detailed in the following table:

Table 1A


Major Axis
Gauge
Reinforcement Spacing

To 36" incl.
20
2'


38" to 50"
18
2'


52" and up
16
2'



Reinforcement shall be "C" type, constructed of 2 l/2"X2 1/2X3/16" galvanized steel angle continuously welded to duct on outside of angle and intermittently welded with one inch welds every four inches on inside of angle.



All joints shall be welded flanges (2 1/2"X2 1/2"X3/16").  Flanges shall be continuously welded to duct on outside of duct and intermittently welded with one inch welds every four inches on outside joint face.  Excess filler metal shall be removed from inside face.  Damaged galvanizing shall be repaired.  Flanges shall be counted as reinforcement.  The spacing for additional reinforcement shall be measured from the flanges.



Any section of flat-oval duct deformed or dented during either handling or installation shall be repaired or replaced at no additional cost to Lockheed Martin Corporation.

2.2.7
Filters
2.2.7.1
Pre-filters
2.2.7.1.1
Pre-filters shall be two inch deep medium efficiency pleated disposable type filters.  Each filter shall consist of a cotton media pleated with an electro-finish wire bonded to a heavy duty paperboard frame.  When tested in accordance with the ASHRAE 52-76 standard, the media shall have an average arrestance of not less than 90 percent and an ASHRAE efficiency of 25-30 percent.  Efficiency on 1.0 micron size particles shall not be less than 40 percent using a laser particle counter.

2.2.7.1.2
Pre-filters shall be Cambridge Aeropleat filters.  Performance shall match or exceed the values indicated in Table 2 below.

Table 2--Pre-filter Schedule4



Face
Q
Act .P
P at
Minimum
Filter 


Filter
F. Size 1
Vel.3
Act.
("WG)
Rated Q
Media
Make & 


Box #
& #/Box2
(FPM)
(CFM)
Int/Fin
("WF/CFM)
Area (SF)
Model

11A
24X24X2
363
1450
.20/1.0
.30/2000
12.9
Cambr.



3





AP-24242


Notes:
1.
Dimensions indicate nominal size (W X H X D).



2.
Number indicates the quantity of pre-filter filters to make one complete set.  Two sets of pre-filters shall by supplied for each filter box.



3.
This represents the maximum allowable face velocity for the filters listed.  Face velocity is consistent for all filters in any given filter box.



4.
All pre-filters shall have an efficiency of 25 to 30 percent when tested in accordance with ASHRAE Standard 52-76.

2.2.7.2
Final Filters
2.2.7.2.1
Filter Construction


All final filters will be bag type filters.  Filter efficiency shall be as indicated in Table 3 below and shall meet ASHRAE Std. 52-76 performance tests using atmospheric dust.  Performance tolerances shall conform to section 7.4 of ARI Standard 850-78.  Each filter shall incorporate a fine-fibered, all glass medium.  The filter element shall be constructed so that the individual pleats are maintained in a tapered form by flexible internal supports under rated airflow conditions.  At any point, the sizes of the upstream and downstream air passages shall be in exact proportion to the volume of filtered and unfiltered air being handled at that point.  There shall be at least 40 supports per square foot of pleat area.  Cartridge frame shall be galvanized steel.

2.2.7.2.2
Size and Ratings


The percentage of open area of the full size cartridge face shall not be less than 72 percent of the total face area.  Nominal size shall be as indicated in Table 3 below.  Supply two sets of filters per filter box.  Filter resistance shall not exceed figure indicated in the schedule when tested at rated CFM.  The gross and net effective media areas shall meet or exceed the values given in Table 3 below.

2.2.7.2.3
Manufacturer


Filters shall be Cambridge High Flow Aerosolve Series 2 filters as indicated in Table 3 below.

Table 3--Final Filter Schedule1



Ash
Q
Act .P
P at
Min.Media
Filter 


Filter
F. Size
Eff.
Act.
("WG)
Rated Q
Area (SF)
Make & 


Box #
(in.)2
(%)
(CFM)
Int/Fin
("WF/CFM)
Gross/Net
Model

11B
24X24
90-95
1450
.35/.80
.45/2000
103/96
CAMBR.



X30





3X-95


Notes:
1.
See filter housing schedule for filter quantities.



2.
Dimensions indicate nominal size (W X H X D).

2.2.8
Filter Housings

This section covers all unattached filter housings required for this job.  Attached filters housings which are accessories to air handling units and are to be supplied with the units are covered in section 2.4.7 (Air Handlers, Coils).

2.2.8.1
Side Loading Pre-filter Housings
2.2.8.1.1
Housing Construction


Units shall be complete, factory assembled housings.  No field assembly shall be required.  Units shall have upstream and downstream outwardly-turned flanges for insertion into the ductwork system as indicated on the plans.  All pre-filters housings shall be constructed of C.S. sheet metal with galvanized coating.  Coating weight shall be at least 1.25 ounces of zinc per square foot and shall meet specification A-526 or A-527.  Sheet metal thickness shall be at least 14 gauge

2.2.8.1.2
Access for Loading


Pre-filter housings shall be side loading, and access shall be from either side.  Access door and latch shall assure airtight housing.  Access doors shall be hinged type door latches.  Removable access doors or latching hardware is unacceptable.

2.2.8.1.3
Integral Track


The housings shall contain an integral track lined with gasketing material to hold pre-filters and assure no bypass of unfiltered air.

2.2.8.1.4
Manufacturer


All side loading pre-filter housings shall be Cambridge Sidepleat Side Service Housing.  Capacities and construction shall be as indicated in Table 4 below.

Table 4--Pre-filter Housing Schedule (Side Loading Only)

Box # 


#/Box1
Total


&
Access
Filter
& 
Q
Housing Make &


Serv.
Type
Config.
F. Size2
(CFM)
Model Number

11A
Side
1 Row
3
4350
Cambridge Side 


AHU #1
Access
3 Across
24X24X24

Pleat Side Serv







HSG


Notes:
1.
Number indicates the quantity of pre-filters to make one complete set.  Two sets of pre-filters shall be supplied for each filter box.



2.
Nominal size in inches (H X W X D).

2.2.8.2
Side Loading Final Filter Housings
2.2.8.2.1
Housing Construction


Units shall be complete, factory assembled housings.  No field assembly shall be required.  Units shall have upstream and downstream outwardly-turned flanges for insertion into the ductwork system as indicated on the plans.  The housing shall be 100 percent aluminum construction (except for hardware outside the air stream).  Sheet metal shall be 16 gauge with suitable reinforcing.

2.2.8.2.2
Filter Holding Requirements


All housings shall be built to hold pre-filters and final filters.  Table 5 below indicates housings that will be supplied with pre-filters.  The pre-filters will be a two inch deep pleated filter and the final filters will be extended surface bag type filters.

2.2.8.2.3
Access for Loading


The filters shall be held by integral tracks with side loading.  (Front loading is unacceptable.) The channels shall incorporate a positive-sealing gasket material to seal the top and bottom of the filter cartridge frames preventing bypass.  Leakage shall be prevented between cartridges and between cartridges and doors by factory installed gasketing.  Housing construction shall assure air seal.

2.2.8.2.4
Door and Latch Construction


Access doors will provide access to filters through both sides of filter housing (except for top access housings).  Access door and latch shall assure airtight housing.  Gasketing on the perimeter of access doors shall be continuous for minimum air leakage.  For low pressure construction (up to two inch W.G. static pressure), access doors shall be hinged type with pivoting door latches.  For high pressure construction (up to four inches W.G. static pressure), access doors shall be removable type with latches on both sides.

2.2.8.2.5
Optional Casing Extension


Filter housings so indicated in Table 5 shall an optional casing extension.  Extension must extend beyond maximum depth of final filters when installed in the housing.  No filter housing (with extension) shall exceed 42 1/2 inches in depth in direction of airflow.

2.2.8.2.6
No-holding Clips


No-holding clips shall be required to secure filters.

2.2.8.2.7
Manufacturer


All side access housings shall be Cambridge Universal Side Service Housings with capacities and construction as indicated in Table 5 below.

Table 5--Final Filter Housing Schedule (Side Loading Only)

Box #


#/Box1
Total
Max.
Housing


&
Access
Filter
&
Q
Vel.
Make &


Serv.
Type
Config.
F. Size2
(CFM)
(FPM)
Model #

21B
Side
1-Row
2
2220
###
Cambr. Univ.


AHU#1
Access
2-Across
24X24X30


S. Serv. HSG.








#SF1-20-40-X


Notes:
1.
Number indicates the quantity of final filters to make one complete set.  Two sets of final filters shall be supplied for each filter box.



2.
Nominal size in inches (H X W X D)



3.
All aluminum construction



4.
Extra bracing for high (4"WG) pressure construction (Standard construction shall be for a maximum static pressure of 2"WG.)



5.
These housings shall include two sets of pre-filters.



6.
These housings require insulation and double wall construction.



7.
These housings shall include extension casings.

2.2.8.3
Front Loading Filter Housing for Pre-filters and Final Filters
2.2.8.3.1
Housing Construction


Filter housings shall consist of a front loading filter holding frame as described herein, plus an encasing section constructed of sheet metal.  The encasing section shall be duct construction as described on the mechanical drawings.  The holding frame shall be riveted to the encasing section.

2.2.8.3.2
Material and Assembly


The holding frame system shall be made from aluminum framing members having a minimum thickness of 0.09 inch.  Steel members are unacceptable.  All members shall be cut to size and pre-punched for easy field assembly.  Thread cutting screws shall be the only fasteners needed for assembly.  Framing system shall contain complete hardware required for assembly.  Aluminum vertical support members shall prevent deflection of the holding frame during operation.  (These members shall not interfere with filters or inhibit access during installation.)

2.2.8.3.3
Holding Frame Requirements


The holding frame shall be built to hold pre-filters and final filters.  Filter specifications are covered in section 2.2.7.  The holding frame shall incorporate two separate tracks for pre-filters and final (bag type) filters.  Both tracks shall be permanently gasketed to prevent bypass of unfiltered air.  Filters shall be held in place from sides by a sliding end frame with spring loading.  Sealing levers shall release tension to allow filter replacement.  The design shall allow upstream or downstream service.  No holding clips shall be required to secure filters.

2.2.8.3.4
Manufacturer


The holding frame system for the filter housings shall be a Cambridge Hi-track Filter System.  Dimensions and capacities shall be as indicated in Table 6 below.

Table 6--Final Filter Housing Schedule (Front Loading Only)

Box #


#/Box1
Total
Housing


&
Access
Filter
&
Q
Make &


Serv.
Type
Config.
F. Size3
(CFM)
Model #

17
Front
4 rows
20
26,800
Cambridge Hi-Track


AHU#7
Access
5 across
24X24X30

#HT-80-100


22B
Front
2 rows
4
6,600
Cambridge Hi-Track


AHU#2
Access
2 across
24X24X30

#HT-40-40


Notes:
1.
Number indicates the quantity of final filters to make one complete set.  Two sets of final filters shall be supplied for each housing.



2.
This housing shall include two sets of pre-filters.



3.
Nominal size in inches (H X W X D) for final filters (All pre-filters shall be two inches depth.)



4.
All aluminum construction

2.2.9
Duct Fittings, Dampers, Air Inlet Devices, and Terminal Air Devices
2.2.9.1
Round Fittings
2.2.9.1.1
Manufacturer


Fittings shall be manufactured by a company that has had as its principle business the manufacture of die stamped and continuously welded, brazed, or standing seam fittings for at least five years.  Fittings shall be manufactured to published standards for dimensions, construction, details, friction characteristics, and installation details, all of which shall be submitted for approval, together with a sample shop drawing for each type of fitting.  See Division VI, Submittals, for submittal requirements and procedures.  Fittings shall be manufactured as separate fittings, not as tap collars welded or brazed into duct sections.  Offset configurations where required to avoid interferences shall be submitted for approval.  See Division VI, Submittals, for submittal requirements and procedures.

2.2.9.1.2
Conical Fittings


Crosses, increasers, reducers, reducing tees, and 90 degree tees shall be conical type.  Cutouts in fitting body shall be branch tap dimensions or, where smaller, excess material shall be flared and rolled into smooth radius nozzle configuration.

2.2.9.1.3
Branch Take-offs


Branch take-offs shall be made with a 45 degree entry; use combination tees or laterals in round duct.  Do not use extraction devices in branch take-offs unless specifically indicated on the mechanical drawings.

2.2.9.1.4
Elbow Proportions


Elbow proportions shall conform to the mechanical drawings.  All multipiece elbows shall have an R/D value of 1.5 where physically possible.  Ninety degree round elbows shall be smooth radius die stamped elbows for nine inch diameter duct and smaller.  Ten inch diameter and larger duct shall be five piece multi-piece elbows.

2.2.9.2
Rectangular Fittings
2.2.9.2.1
Construction


All rectangular duct fittings shall be constructed per SMACNA HVAC DCS as described and shown in Section II.  Fittings shall be constructed for low pressure loss and to minimize noise generation.

2.2.9.2.2
Elbows


Where shown on the drawings, rectangular duct shall have radiused elbows.  The inside radius shall have an inside radius equal to or greater than the duct width (centerline radius = 1.5D).  The elbows shall have splitters when indicated only.


Where square throat elbows are shown on the drawings or required due to space limitations, turning vanes are required.  See section 2.2.10.1 for a description of turning vane construction.

2.2.9.2.3
Diverging Transitions


The diverging sections slope shall be as small as possible.  The slope should never be greater than one inch in four inch (14°).  Where physical configuration precludes, a one inch in four inch slope an abrupt transition may be used.

2.2.9.2.4
Converging Transitions


The converging sections slope shall be as small as possible.  The slope should not exceed one inch in two inch (30°) except where precluded by physical configuration.

2.2.9.3
Dampers

2.2.9.3.1
Manual Volume Dampers

2.2.9.3.1.1
Dampers shall be located where indicated on the drawings and where required for proper balancing of the air distribution system.  Manual volume dampers shall conform to Figure 2-14 for single blade dampers, and Figure 2-15 for multiblade dampers in the SMACNA HVAC DCS.  When further specified herein or detailed on drawing, dampers shall also be in accordance with the provisions of this contract.

2.2.9.3.1.2
Dampers with a major dimension of no greater than 36 inches shall be Ruskin MD-35.  Blades for these dampers shall be 18 gauge steel.  Dampers with a major dimension exceeding 36 inches shall be Ruskin Model CD-50.  The blade length of dampers shall be held to 48 inches or less by sectioning where required.  Blades for these dampers shall be (aluminum/steel).  The designer shall specify.

2.2.9.3.1.3
For jobs where aluminum construction is a design criteria, all dampers shall be equal to Ruskin Type CD-50.

2.2.9.3.1.4
For round dampers, the dampers shall be Ruskin CDR-82.

2.2.9.3.1.5
All damper shafts shall have two end bearings.  The damper shaft shall be full length and shall extend beyond the damper blade.  A 3/8 inch square shaft shall be used for damper lengths up to 36 inches.  A 1/2 inch square shaft shall be used for dampers 37 inches and longer.  Where necessary to prevent movement, rods shall be provided at the damper blade end with locking provisions external to the duct.

2.2.9.3.1.6
When dampers in ducts have width perpendicular to the axis of the damper greater than 12 inches, the damper shall be a multiblade type having a substantial frame.  The blades shall be fabricated of 18 gauge aluminum.  The blades shall not exceed ten inches in width and 48 inches in diameter.  Dampers in round duct greater than 20 inches diameter shall have 2"X1/2"X1/8" steel channel frame and a 12 gauge aluminum blade.

2.2.9.3.2
Balancing Dampers


Balancing dampers of the splitter, butterfly, or multilouver type shall be provided where indicated or required to balance each respective main and branch duct.  Dampers shall be equipped with an indicating quadrant regulator and a externally located locking feature so as to be easily accessible for adjustment.

2.2.9.3.3
Splitter Dampers


Splitter damper minimum sheet metal gauge shall be 20 or four gauge numbers heavier than the duct in which it is installed.  Hinges shall be full length piano type or 1/8 inch thick door type.  All splitter dampers greater than 24 inches in the direction of the split shall be controlled by at least two damper rods equally spaced across the damper edge.

2.2.9.3.4
Automatic Dampers


Automatic dampers shall be installed in locations shown on the drawings and shall be as specified in section 2.20.

2.2.9.3.5
Fire Dampers


Fire dampers shall be installed at locations indicated on the mechanical drawings and at any duct penetrations through fire-rated walls.  Fire dampers shall have the sizes and shapes indicated on the drawings, and they shall properly function in the configurations indicated on the drawings.  Access doors shall be provided as necessary adjacent to fire dampers so that the fire dampers can be inspected and reset.  (See section 2.2.10.5.4.)  Fire dampers shall be constructed, labeled, and installed in full accordance with UL-555-1972 & NFPA 90A to provide the damper and mounting fire-resistance of the construction in which it is installed.  The duct shall not pass thru the wall opening, but shall connect to the damper sleeve on either side of the wall.  Retaining angles shall be attached to the damper sleeve and shall not be attached to the wall.  Each fire damper shall be equipped with two UL labeled fire links.  The additional link is for back-up purposes.  For link loads in excess of 20 pounds, UL approved quartzoid links shall be provided.  The fusing temperature of the links shall be at least the temperatures indicated adjacent to the respective fire dampers on the HVAC P & I drawings, but not more than 50°F above the indicated temperature.  Fire dampers shall be United Sheet Metal Model 200-S (Type-B for rectangular duct and Type-C for round duct) with integral sleeve of proper length for installation.

2.2.9.3.6
Vacuum and Pressure Relief Dampers


The relief dampers shall be used to relieve negative or positive pressure.  The dampers shall be installed in the locations indicated on the mechanical drawings.  The dampers shall be of the spring loaded or counter balanced type, as indicated on the equipment schedule, adjustable in the field to relief pressure setting indicated on the drawings.  The frame and blades shall be 6063T5 extruded aluminum.  Dampers shall be low leakage (less than 12CFM/FT2  at 0.5" H2O.).  There shall be a bird screen on the inlet side of the damper.  Relief dampers shall be Ruskin Type BDG/SPC or Ruskin Type CBS-8 with above variations.

2.2.9.3.7
Isolation Dampers


Isolation dampers shall be installed at locations indicated on the drawings and shall be as specified in section 2.20.

2.2.9.3.8
Backdraft Dampers


Backdraft dampers shall be installed at locations indicated on the drawings.  The dampers shall be of the counterbalanced type, adjustable in the field.  The setting shall be within the middle third of the adjustable range with a minimum range of the set point + 2.0" W.G.  The frame shall be 8" x 2" x 14 gauge galvanized steel with 16 gauge aluminum blades and polyurethane foam blade edges and ends.  The axle shall be 1/2 inch diameter steel with ball bearings.  The damper shall be Type CBS-8 with variations as detailed above, as manufactured by Ruskin Manufacturing Co.

2.2.9.4
Air-Diffusion Devices 
2.2.9.4.1
Selection


Terminal air-diffusion devices shall be chosen in terms of specific air distribution requirements, spacing, and sound characteristics.  A schedule of all proposed air diffusion devices shall be submitted as a part of material submittals.  Type, location, air quantity, neck or jet velocity, pressure drop, throw, diffusion range, and sound data shall all be indicated.  Devices shall be aesthetically located with respect to lighting and ceiling patterns unless otherwise dimensioned or approved by the Lockheed Martin Construction Engineer.  Air-diffusion device construction and mounting shall be such that no flutter, rattle, or vibration occurs.  Devices shall be provided with any modifications or accessories necessary for mounting in specified or indicated surface construction.

2.2.9.4.2
Finish


Steel air-diffusion devices shall be provided with prime coat finish unless otherwise specified.  Where baked enamel finish is specified without further qualification, finish of exposed-to-view surfaces shall consist of the manufacturer's standard prime coat and standard aluminum paint which simulates natural aluminum.

2.2.9.4.3
Air Flow Regulation


All air-diffusion devices shall have volume and pattern adjustments that shall be made from the face of the device.  Volume adjustments shall be made by a removable key.

2.2.9.4.4
Gasketing


Sponge rubber gaskets shall be provided for all supply terminal air devices mounted in finished surfaces.

2.2.9.4.5
Manufacturer


Air distribution devices shall be the type, size, and material specified on the mechanical equipment schedule.

2.2.9.4.6
Outlet Frames


Ducts terminating at grilles, registers, louvers, or screens shall be furnished with angle or channel iron frames with mitered, welded corners and with suitable provisions for attaching grilles, registers, louvers, or screens.

2.2.10
Miscellaneous Duct Accessories
2.2.10.1
Turning Vanes

All square throat, rectangular duct elbows shall have double-wall type turning vanes, either commercially manufactured for high velocity systems service or constructed per SMACNA HVAC DCS, Figures 2-2 through 2-6.  Vane runners shall be tack-welded to the duct.

2.2.10.2
Air Extractors

Install an air extractor for each supply register, ceiling diffuser, or branch take-off if shown on the drawings.  Install a rubbing plate inside the duct and under the air extractor to prevent the extractor from scoring the duct liner.  Extractors within 24 inches of the supply register shall be rod operated from inside the duct.  Other extractors shall be controlled by an external control.

2.2.10.3
Louvers

Furnish and install louvers where indicated on drawings.  Heads, sills, jambs, and mullions are to be one piece structural members of 6063-T5 alloy, .081 inch thick with integral caulking slot and retaining beads.  Mullions shall be sliding interlock type with double integral internal drains.  The drainable blade is to be minimum .081 inch thick with a front lip gutter and a recessed second gutter designed to catch and direct water to the jamb and mullion drains.  Closed cell PVC compression gaskets are to be provided between the bottom of the mullion or jamb and at the top of the sill to insure leak tight connections.  All fasteners are to be stainless steel or aluminum.  All louvers shall be furnished with 3/4 inch mesh, .051 inch diameter wire intercrimp birdscreen secured with a 12 B & S gauge extruded aluminum frame.  Screening shall be replaceable within extruded frame.  The manufacturer shall submit AMCA 500 test data on a 4' X 4' unit showing that the louver shall pass 1100 FPM free area velocity at a pressure drop of less than .24 inch water gauge and shall carry less than .005 ounces of water per square foot of free area.  AMCA data shall also show a 4' x 4' unit to have a minimum of 7.3 square feet free area.  The louvers shall be Ruskin Type ELF-375.

2.2.10.4
Birdscreens


Birdscreens shall be provided over the outside faces of penthouses relief dampers and outdoor air intakes and exhaust louvers which take from the building exterior or equipment platform air plenum.  They shall be two mesh, 0.051 inch diameter aluminum wire with an open area not less than 72 percent.  Birdscreens shall have AISI 300 series stainless steel edging to conceal sharp edges.

2.2.10.5
Access Openings
2.2.10.5.1
Locations/General


Access doors shall be installed in ductwork adjacent to new fire dampers, new or relocated H.W. coils (upstream side), and any other locations indicated on the mechanical drawings.  All access doors shall be Air Balance "Fireseal".  Where size is not indicated on the drawings, access openings shall be at least 10" X 12" in size (unless precluded by duct dimensions).

2.2.10.5.2
Double Wall Access Doors


All insulated duct shall have double wall access doors.  There shall be insulation internal to the double walls, and the thickness of this insulation shall match that of the ductwork.  For lined ductwork, the access door arrangement shall be "Flush Mount" (insulation internal to duct).  For externally insulated duct, the access door arrangement shall be "Exterior Mount" (insulation external to duct).

2.2.10.5.3
Materials


Aluminum duct shall have aluminum access doors; galvanized duct shall have galvanized access doors.

2.2.10.5.4
Small Access Doors


Access doors 24" X 24" and smaller shall be constructed as follows.  The door and frame shall be not less than 16 gauge.  Doors shall be the continuous hinge type except for cleaning access doors in the clean room area.  Frame width shall be at least 9/16 inch on all sides.  The door shall be secured to the duct with 5/8 inch notched knock-over edges.  Fire damper access doors shall be 8" X 8" with single cam latch.  Larger access doors shall be have two cam latches.  All access doors shall have 1/2 inch wide gasketing to assure an air-tight seal.

2.2.10.5.5
Large Access Doors


Large access doors (larger than 2' X 2') shall be of the size and construction indicated in the drawings.  All large access doors shall have no less than 18 gauge metal frames with mitered, welded corners.  Doors shall have 1/2 inch wide gasketing.  The door shall be 20 gauge construction.  Latches for all walk-in access doors must operate from either side of door.

2.2.10.5.6
Access Doors for Round Duct


Access doors to be installed in round duct shall be constructed as per guidelines in SMACNA HVAC DCS, Figure 2-13.

2.2.10.6
Duct Probe Access

2.2.10.6.1
Holes shall be provided with neat patches, threaded plugs, or threaded or twist-on caps where indicated or necessary for air balancing Pitot tube access.  Holes shall be approximately 3/8 inch to 1/2 inch diameter and must be large enough to allow insertion of a standard size pitot tube.  There must be at least one hole supplied for each of the following locations:



Upstream of all AHU's



Downstream of all AHU's



Downstream of all duct mounted preheat and reheat coils

2.2.10.6.2
Place the hold centered across the duct width and in straight duct sections beyond any transitions.  Extended neck fittings shall be provided where probe access area is insulated.

2.2.10.7
Joint Gaskets

All bolted flanged joints shall be gasketed, full-face, 1/8 inch thick.  Gaskets shall be one piece, cork as manufactured by Dodge Cork Co.; Lancaster, PA, part no. Code 2-124, binder "G" vulcanized or dovetailed at joints.

2.2.10.8
Flexible Connectors

Woven cloth flexible connectors shall be installed at the inlet and outlet connections of all air handling equipment.  Flexible connectors shall be waterproof, fire retardant, air-tight, heavy glass fabric, double coated with Hypalon, as manufactured by Elgen, (Hypalon, "Silent Duct" SDH-4-100).  Minimum clear width shall be three inches not including clamping section.

2.2.10.9
Grounding
2.2.10.9.1
General


All metal parts of apparatus used in fume exhaust systems, dust collection systems, and air conditioning systems shall be continuously bonded and grounded in accordance with NFPA No. 77 and 91.

2.2.10.9.2
Continuity


Where metallic contact is broken at duct joints, flexible connections, bellows, and at other points on the installation assembly, copper bonding straps shall be installed to provide effective bonding connections.  (Sheet metal screws through gasketed joints will not be accepted as an effective bonding connection.)  Copper straps for flexible connections and bellows shall be of flexible copper braid of sufficient length to permit full movement required by the flexible joint.  Other copper straps shall be equivalent to No. 6 AWG.

2.2.10.9.3
Connections


Connections for grounding conductors and bonds to equipment and ductwork shall be made with terminal lugs and brass bolts.

2.2.10.9.4
Grounding Conductors


Grounding conductors shall be bare, soft drawn stranded copper.  Size of conductors shall be in accordance with NEC requirements except that no grounding conductors shall be smaller than No. 6 AWG.

2.2.10.9.5
Maximum Resistance


The maximum acceptable resistance from the Facility ground point to all points in the duct system shall not exceed five ohms.
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