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SECTION 23 40 00 – filters
PART 1 -  GENERAL 

1.01 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section. 
B. Specifications throughout all Divisions of the Project Manual are directly applicable to this Section, and this Section is directly applicable to them.  

1.02 SUMMARY 
A. Perform all Work required to provide and install filters, housings and frames and filter gauges necessary for proper installation in air handling unit and fan coil unit systems. For special filter systems, refer to Section 23 40 13.

1.03 REFERENCE STANDARDS 
A. The latest published edition of a reference shall be applicable to this Project unless identified by a specific edition date. 
B. All reference amendments adopted prior to the effective date of this Contract shall be applicable to this Project. 
C. All materials, installation and workmanship shall comply with the applicable requirements and standards addressed within the following references: 
1. AMCA 99 ‑ Standards Handbook.

2. ARI 850 - Commercial and Industrial Air Filter Equipment.
3. ASHRAE 52.1 - Gravimetric and Dust-Spot Procedures for Testing Air-Cleaning Devices Used in General Ventilation for Removing Particulate Matter.

4. ASHRAE 52.2 - Method of Testing General Ventilation Air-Cleaning Devices for Removal Efficiency by Particle Size.

5. ASHRAE 62 - Ventilation for Acceptable Indoor Air Quality.
6. IEST RP-CC001 - HEPA and ULPA Filters.
7. NFPA 70 ‑ National Electrical Code.

8. SMACNA ‑ HVAC Duct Construction Standards ‑ Metal and Flexible.

9. UL 586 - High Efficiency, Particulate Air Filter Units.
10. UL 900 ‑ Air Filter Units.
1.04 definitions 
A. IEST:  Institute of Environmental Sciences and Technology.

B. HEPA:  High Efficiency Particulate Air.

C. MERV:  Minimum Efficiency Reporting Value. 

D. ULPA:  Ultra-Low Penetration Air.

1.05 QUALITY ASSURANCE 
A. Manufacturer: Company specializing in manufacturing the products specified in this Section with minimum three (3) years documented experience, who issues complete catalog data on total product.  Performance characteristics shall be published in the manufacturer’s literature.

B. Where installation instructions are not included in the Contract Documents, the manufacturer’s instructions shall be followed. All equipment affected by altitude shall be rated to operate at the altitude where it is installed.

1.06 SUBMITTALS 
A. Product Data: 
1. Submit Shop Drawings, product data and installation instructions, including airflow, pressure drop, and MERV rating.

B. Operation and Maintenance Data: 
1. Submit manufacturer's operation and maintenance data.

1.07 EXTRA MATERIALS 
A. Provide specified filters for temporary use during construction, and replace with new filters when the differential pressure is at 70 percent of dirty filter reading.
B. Replace filters at start of Commissioning and again at final acceptance by Owner.

C. Furnish one (1) extra set of new filters for each filter bank after Substantial Completion, including but not limited to the following:
1. Replaceable throwaway.
2. Replaceable dry type medium and high efficiency.
3. High efficiency caissons.
PART 2 -  PRODUCTS 

2.01 GENERAL 
A. All materials shall meet or exceed all applicable referenced standards, federal, state and local requirements, and conform to codes and ordinances of authorities having jurisdiction. 
B. In general, all capacities and characteristics are shown in schedules on the Drawings. Reference shall be made to the schedules for such information. Capacities shown are minimum capacities. Variations in capacities of scheduled equipment supplied under this Contract will be permitted only with the written direction of Owner.

C. All equipment shall be shipped to the Project Site with not less than a prime coat of paint or as specified hereinafter.

2.02 manufacturers
A. American Air Filter.

B. Calgon Carbon Corporation.

C. Camfil-Farr.

D. Flanders-Precisionaire.

E. Koch Filter.

F. Purafil, Inc.
2.03 FILTERS

A. All medium efficiency air filters shall be listed as Class 1 in accordance with UL 900 and shall be tested and reported in accordance with ASHRAE Test Standard 52.1 and ASHRAE Test Standard 52.2.  Dust spot efficiencies listed are results when tested by ASHRAE Standard 52.1. MERV values listed are results when tested by ASHRAE Standard 52.2.

B. Type F1:  Disposable, dry type, low efficiency, fiberglass filter.

1. Media:  Fiberglass.  Provide industry standard sizes as required for installation.
2. Frame:  Heat-sealed monobound frame and scrim backing.
3. Rating: Initial resistance no greater than 0.20-inches w.g. at 500 feet per minute (fpm) face velocity.  MERV 4, dust spot efficiency of <20 percent.
4. Thickness:  1-inch.

C. Type F2:  Sectional, renewable, medium efficiency media filter.

1. Media:  Adhesive coated glass fiber media pads.

2. Frame:  Enclosing sectional frame shall be 18-gage galvanized steel, with 11-gage wire retainers, and equipped with a quick opening mechanism for changing filter media.  

3. Rating: Initial resistance no greater than 0.10-inches w.g. at 300 fpm face velocity and 0.21-inches w.g. at 500 fpm. Filter shall have a dust spot efficiency of 25-30 percent and shall be equal to a MERV 7 filter.

4. Thickness:  2-inches.

D. Type F3:  Disposable, dry type, medium efficiency, pleated media panel filter.

1. Media:  0.18-inch nonwoven cotton and synthetic blend media, formed into a uniform radial pleat.  Provide industry standard sizes as required for installation.
2. Frame:  Provide filter media in permanent removable frames with corrosion resistant welded wire grid bonded to the downstream side of the media.  Media shall be fully bonded to frame to prevent air leakage.
3. Rating: Initial resistance no greater than 0.28-inches w.g. at 500 fpm face velocity.  MERV 7, dust spot efficiency of 25-30 percent.
4. Thickness:  2-inches or 4-inches.  Pre-filters shall be 2-inches unless otherwise noted on the Contract Documents.

E. Type F4:  Disposable, dry type, high efficiency, supported media filter.

1. Media:  Microfine glass laminated to a reinforcing backing formed into a lofted media blanket with a uniform radial pleat.  Provide industry standard sizes as required for installation.
2. Frame:  Provide filter media in permanent removable frames with corrosion resistant welded wire grid bonded to the downstream side of the media.  Media shall be fully bonded to frame to prevent air leakage.  Frame shall be steel alloy with media support stabilizers mechanically fastened to diagonal support members.  Filter shall be capable of withstanding 10-inches w.g. pressure
3. Rating:  Initial resistance no greater than 0.29-inches w.g. at 500 fpm face velocity.  MERV 11, dust spot efficiency of 60-65 percent percent.  Thickness:  12-inch thick (nominal) frame.
F. Type F5:  Disposable, dry type, high efficiency, supported media filter.

1. Media:  Microfine glass laminated to a reinforcing backing formed into a lofted media blanket with a uniform radial pleat.  Provide industry standard sizes as required for installation.
2. Frame:  Provide filter media in permanent removable frames with corrosion resistant welded wire grid bonded to the downstream side of the media.  Media shall be fully bonded to frame to prevent air leakage.  Frame shall be steel alloy with media support stabilizers mechanically fastened to diagonal support members.  Filter shall be capable of withstanding 10-inches w.g. pressure
3. Rating:  Initial resistance no greater than 0.50-inches w.g. at 500 fpm face velocity.  MERV 13, dust spot efficiency of 80-85 percent.  Thickness:  12-inch thick (nominal) frame.
G. Type F6:  Disposable, dry type, high efficiency, supported media filter.

1. Media:  Microfine glass laminated to a reinforcing backing formed into a lofted media blanket with a uniform radial pleat.  Provide industry standard sizes as required for installation.
2. Frame:  Provide filter media in permanent removable frames with corrosion resistant welded wire grid bonded to the downstream side of the media.  Media shall be fully bonded to frame to prevent air leakage.  Frame shall be steel alloy with media support stabilizers mechanically fastened to diagonal support members.  Filter shall be capable of withstanding 10-inches w.g. pressure
3. Rating:  Initial resistance no greater than 0.68-inches w.g. at 500 fpm face velocity.  MERV 14, dust spot efficiency of 90-95 percent.  Thickness:  12-inch thick (nominal) frame.
H. Type F7:  High capacity, HEPA (IEST Type A) filter.

1. Media:  Media shall be HEPA Grade high capacity with waterproof micro glass pleated media, tapered corrugated aluminum separators with a hemmed edge, urethane sealant, and one-piece seamless gasket.  Provide industry standard sizes as required for installation.
2. Frame:  Provide filter media in permanent removable frames.  Media shall be fully bonded to frame with a urethane sealant to prevent air leakage.  Frame shall be 16-gage steel alloy bonded to the media pack.  A poured-in-place sealing gasket shall be installed downstream of the enclosing frame.
3. Rating:  1.35-inches w.g. initial resistance at rated capacity.  Minimum Efficiency shall be 99.97 percent when evaluated under the guidance of IEST RP-CC01.  Filter must carry UL 900 Class 2 rating.
4. Thickness:  12-inch thick (nominal) frame.
I. Type F8:  Terminal diffuser, HEPA (IEST Type A) mini-pleat panel filter.

1. Media:  Media shall be HEPA Grade high capacity with waterproof micro glass pleated media, continuous glass filament separators with a hemmed edge, polyurethane sealant, and seamless gasket.  Provide industry standard sizes as required for installation.
2. Frame:  Provide filter media in permanent removable frames.  Media shall be fully bonded to frame with a polyurethane sealant to prevent air leakage.  Frame shall be anodized aluminum bonded to the media pack.
3. Rating:  0.49-inches w.g. initial resistance at rated capacity.  Minimum Efficiency shall be 99.97 percent when evaluated under the guidance of IEST RP-CC01.  Filter must carry UL 900 Class 2 rating.
4. Thickness:  2-inch or 4-inch thick (nominal) frame.
J. Type F9:  Standard capacity ULPA (IEST Type D) filter.

1. Media:  Media shall be HEPA Grade continuous waterproof micro glass pleated media, tapered corrugated aluminum separators with a hemmed edge, urethane sealant, and one-piece seamless gasket on both sides.  Provide industry standard sizes as required for installation.
2. Frame:  Provide filter media in permanent removable frames.  Media shall be fully bonded to frame with a urethane sealant to prevent air leakage.  Frame shall be 16-gage steel alloy bonded to the media pack.  Poured-in-place sealing gaskets shall be installed upstream and downstream of the enclosing frame.
3. Rating:  1.0-inches w.g. initial resistance at rated capacity.  Minimum Efficiency shall be 99.999 percent at 0.3 micron when evaluated under the guidance of IEST RP-CC01.  Filter must carry UL 900 Class 2 rating.
4. Thickness:  12-inch thick (nominal) frame.
K. Type F10:  Activated carbon filter for odor control.

1. Media:  Coconut shell granular activated carbon with a minimum activity rating of 60.  Each panel shall have minimum 0.25 cubic feet of media, sufficient to provide 0.090 seconds residence time.   

2. Frame:  Heat-resistant polystyrene with removable service end cap.

3. Rating:  Adsorptivity shall be 40-percent by weight, and retentivity shall be 29-percent by weight (when evaluated with toluene).  Maximum 0.50-inches w.g. resistance at 500 feet per minute face velocity.
4. Thickness: 1-inch individual filter panel bed depth.
L. Type F11:  Activated carbon / chemisorbent blended disposable filter.

1. Media:  Activated carbon blended with powdered activated alumina impregnated with potassium permanganate-specifically designed for removal of the following contaminates: Hydrocarbons, volatile organic compounds, sulfur oxides, formaldehyde, Nitric Oxide, Hydrogen Sulfide, lower molecular weight aldehydes and organic acids.  Bulk Density:  40 pounds per cubic foot, pellets.  Moisture Content: 5.0 percent maximum (acticvated carbon), 35 percent maximum (chemisorbant media).  Carbon Tetrachloride Activity:  Minimum 55 percent.  
2. Frame:  Multi-ply paperboard product with water resistant 2 mil LDPE coating on all exterior surfaces. 

3. Rating:  Gas Removal Efficiency:  85 percent minimum over life of media.  Maximum 0.45-inches w.g. resistance at 500 feet per minute face velocity.
4. Thickness:  1-inch individual filter panel bed depth.
M. Type F12:  Acid impregnated activated carbon disposable filter.

1. Media:  Acid-impregnated activated carbon-specifically designed for removal of ammonia gas.  Minimum ammonia removal capacity of 7 percent, by weight.  Bulk Density:  40 pounds per cubic foot, pellets.  Moisture Content: 2.0 percent maximum.  Carbon Tetrachloride Activity:  Minimum 55 percent.
2. Frame:  Multi-ply paperboard product with water resistant 2 mil LDPE coating on all exterior surfaces. 

3. Rating:  Gas Removal Efficiency:  85 percent minimum over life of media.  Maximum 0.45-inches w.g. resistance at 500 feet per minute face velocity.
4. Thickness:  1-inch individual filter panel bed depth.
2.04 FILTER BANK HOUSINGS 

A. Standard Side Access Housing for 2-inch and Smaller Pre-Filters:  2-inch pre-filters shall be housed in standard air handling unit (AHU) manufacturer tracks in the low velocity angled position.  Refer to air handling unit Specifications for pre-filter housing section information.

B. Side Access Housing For Filters over 2-inches Nominal Depth:

1. Housing Construction:  
a. Housing shall be fabricated of not less than 16-gage galvanized steel with pre-drilled standing flanges to facilitate attachment to air handling unit or other equipment.  
b. Housing shall be equipped with hinged access doors at both ends, and provision for receiving filters of any manufacturer without alteration to the housings.  Doors are to be fitted with positive sealing, heavy duty multiple latches and with sponge neoprene gaskets.  
c. Housings shall incorporate a permanent polypropylene filter sealing gasket provision for sealing the filters against leakage around the filters.   
d. Housing shall have a static pressure tap to allow the installation of a static pressure gauge to evaluate the pressure drop across a single filter or any combination of installed filters.

2. Filter Tracks:  Extruded aluminum channels capable of receiving multiple stages of 6-inch or 12-inch filters, and 2-inch deep panel type pre-filters and/or after filters as specified on Drawings. 

3. Performance:  Leakage of housing to ambient rated airflow less than 1-percent at 3.0-inches w.g.  Air filter bypass around filters shall be les than 1/2 of 1-percent at rated airflow.

C. Front Access Filter Bank for HEPA filters with Less than 20 square feet of Filter Bank Total Face Area:

1. Construction:  Bank shall be fabricated of not less than 14-gage galvanized steel, welded, with centering dimples, pre-drilled mounting holes to align frame to frame, filter sealing flange and swing bolts with equi-bearing clamps matched to air filters to allow uniform gasket sealing. 

2. Performance:  Sealing assembly shall be capable of sealing each filter with 30 inch/lbs of torque to 50-percent filter gasket compression.

D. Front Access Filter Bank for HEPA filters with Greater than 20 square feet of Filter Bank Total Face Area:

1. Construction:  
a. Bank shall be a one piece, factory fabricated filter bank of not less than 3.5-inches deep 11-gage stainless steel.  
b. Bank shall include filter service flanges, swing bolt filter fastener assemblies, and curb base.  
c. All filter sealing surfaces shall be ground smooth to ensure leak free filter to module seat.  
d. Size shall be as required to accommodate number of required filters.  
e. Swing bolts shall be same construction as bank and have equi-bearing clamps matched to air filters to allow uniform gasket sealing.

2. Performance:  Sealing assembly shall be capable of sealing each filter with 30 inch/lbs of torque to 50-percent filter gasket compression.

E. Standard Activated Carbon Filter Side Access Housing: 

1. Housing Construction:  
a. Housing shall be fabricated of not less than 16-gage galvanized steel with pre-drilled standing flanges to facilitate attachment to air handling unit or other equipment.  
b. Housing shall be equipped with hinged access doors at both ends, and provision for receiving filters of any manufacturer without alteration to the housings.  Doors are to be fitted with positive sealing, heavy duty multiple latches and with sponge neoprene gaskets.  
c. Housings shall incorporate a permanent polypropylene filter sealing gasket provision for sealing the filters against leakage around the filters.   
d. Housing shall have a static pressure tap to allow the installation of a static pressure gauge to evaluate the pressure drop across a single filter or any combination of installed filters.

2. Filter Tracks:  Extruded aluminum channels capable of receiving 4-inch pleated media, disposable, after filters for dust control. 

3. Performance:   Leakage of housing to ambient rated airflow less than 1-percent at 3.0-inches w.g.  

F. Bag-In / Bag-Out Housing with Gasket Seal:

1. Construction:  
a. 316L Stainless Steel, all welded joints, able to withstand +/- 10-inches w.g. with upstream and downstream test sections.  
b. Housing shall have a bagging ring around each access port that is sealed by a silicone gasketed filter access door.  Bagging ring shall have raised and hemmed edges to secure change-out bag. 
c. Housing shall be free of burrs and sharp edges.  
d. Threaded pivot blocks in the filter clamps shall be brass, all other components stainless steel.  Filter clamps shall be operable from exterior of housing and shall apply a uniform load along the filter frame.  
e. Housing shall provide minimum full size filter sealing force of 1,400 pounds.  
f. Change-out bag(s) shall be 8-mil PVC with glove sleeves, elastic shock cord hemmed into bag opening, filter security strap, and shall be supplied specifically for the housing.  
g. Multi-wide housings shall be equipped with a filter removable rod to pull filters to the changeout position.  Removal rod shall be operable from inside of filter change-out bag.  
h. Where housing connects to ductwork, pre-drilled attachment flanges shall be provided on housing.  
i. Housing shall include factory-mounted pressure gauges to measure pressure drop separately across each filter in the housing.  
j. All housings exposed to the outdoors shall have a sloped stainless steel weather cap bolted to housing.

2. Performance:  Assembly shall accept standard filter sizes without special attachments or devices.  Assembly and bags shall be such that there is a barrier between personnel and filter at all times.

2.05 FILTER GAUGES

A. Direct Reading Dial:  3-1/2 inch diameter diaphragm actuated dial in metal case. Provide vent valves, black figures on white background, front calibration adjustment. The range of the scale shall be no greater than 1 inches w.g. above the filter manufacturer’s recommended final resistance for the type of filter to which the gauge is being applied, 2 percent of full-scale accuracy.  Provide with adjustable signal flag.

B. Accessories:  Static pressure tips with integral compression fittings, 1/4‑inch aluminum tubing, 3‑way vent valves.  

C. Refer to Division 25 for transmitting sensor requirements.

PART 3 -  EXECUTION 

3.01 INSTALLATION 
A. Installation shall meet or exceed all applicable federal, state and local requirements, referenced standards and conform to codes and ordinances of authorities having jurisdiction. 

B. All installation shall be in accordance with manufacturer’s published recommendations. 

C. Prevent passage of unfiltered air around filters with neoprene gaskets.  This is a minimum standard. If more stringent gasketing is required for a particular filter application, the more stringent gasketing will govern.

D. Install static pressure taps upstream and downstream of filters.  Mount on outside of filter housing or filter plenum, in accessible position.  Adjust and level. Where a prefilter is specified immediately upstream of a high-efficiency filter, the differential pressure taps shall be installed across each filter.

E. Provide differential pressure sensor at filter bank assembly for filter type F4 and higher. 

F. Install in conformance with UL 900.

G. Assemble high pressure units by welding/bolting sections together. Refer to air handling unit Specifications for assembly of manufactured air units and assemble filter banks in similar fashion.

H. Do not operate fans, air handlers, etc., for any purpose, temporary or permanent, until ductwork is clean, filters are in place, bearings lubricated and fan has been test run under observation.

3.02 TESTING 
A. Verify the proper installation of the filter housings and filters. Inspect thoroughly for proper fit and seal of all filters, especially filters of 60 percent or greater efficiency, comparing relative tightness of seal to that specified.

B. Visually inspect filters below 99 percent specified efficiency for proper installation and limited leakage.

C. Filters of 99 percent and above specified efficiency shall be tested by subjecting the installed filter and filter installation to a DOP "Challenge" as specified in the Institute of Environmental Standard (IES), IES-RP-CC-001-86, "HEPA Filters."  
1. Testing shall be witnessed and certified by the TAB Firm and hood certification firm (see Testing and Balancing Specification Section). 
2. Certification shall be performed utilizing a dry silica challenge of a minimum of 300,000 particles (a portion of which shall be as small as 0.10 micron) per cubic foot. Particle concentration measurement will require at least one laser particle counter (Particle Measuring System Model PMS 110 or equal). Counter shall have been calibrated in accordance with IES-RP-CC-013-86-T, "Equipment Calibration or Validation Procedures." Leakage shall be limited to no greater than that recommended by IES-RP-CC-001-86.
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